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Resumen:

Introduccidn: El tratamiento de los dientes permanentes inmaduros con una pulpa
necroética o una inflamacién pulpar irreversible se ha limitado durante mucho tiempo a
la creacién de una barrera apical calcificada para permitir un correcto sellado apical
deteniendo asi el diente en su fase de desarrollo. La revascularizacion tiene el
potencial de estimular la continuacion del desarrollo radicular. Objetivos: Comparar
los diferentes protocolos disponibles mediante el andlisis de los resultados a corto y
largo plazo. Materiales y métodos: Se realizé una investigacidon de articulos cientificos
utilizando PubMed para el periodo 2001 a 2021 utilizando las siguientes palabras clave:
"revascularizacién pulpar”, "revitalizacidén pulpar". Se seleccionaron estudios de casos
(realizados en humanos) de esos articulos, se analizaron y se organizaron en diferentes
tablas. Resultados: Sobre los 142 dientes analizados, se observé apexogenesis en el
84,5% de los casos, aumento de la longitud radicular en el 50%, aumento de la anchura
radicular en el 63,4% y cierre apical en el 61,3%. Discusion: La etiologia de la patologia
fue principalmente traumdtica y casi todos los dientes presentaron necrosis y
afectacién periapical. Los protocolos utilizados fueron muy diferentes al igual que los
resultados. Parece que los resultados satisfactorios de la revascularizaciéon no se vieron
influidos por los protocolos. Conclusion: La revisidn sistematica realizada establecid el
potencial de la revascularizacién para promover el aumento de la longitud radicular, el
aumento del grosor radicular y el cierre apical. La comparacidn de varios protocolos de
revascularizaciéon y la observacién de los resultados no permitieron deducir el mejor. El

resultado reveld no ser predecible y no depender del protocolo utilizado.



Abstract:

Introduction: Treatment of immature permanent teeth with a necrotic pulp or an
irreversible pulp inflammation have for long been limited to the creation of an apical
calcified barrier to permit a correct apical seal thus arresting the tooth in its
development stage. Revascularization has the potential to stimulate root development
continuation. Objectives: Compare the different protocols available through the
analysis of short and long term outcomes. Materials and methods: Research of
scientific articles was conducted using PubMed for the period 2001 to 2021 using the
following keywords: “pulp revascularization”, “pulp revitalization”. Case Studies
(conducted on humans) from those articles were selected, analysed and organized in
different tables. Results: Over the 142 analysed teeth, apexogenesis was observed in
84.5% of the cases, increase in root length in 50%, increase in root width in 63.4% and
apical closure in 61.3%. Discussion: The etiology for the pathology was mainly trauma
and nearly all the teeth presented with necrosis and periapical affectation. The
protocols used were very different as were the results. It appeared that the successful
outcomes of revascularization were not influenced by the protocols. Conclusion: The
conducted systematic review established the potential of revascularization to promote
increase in root length, increase in root thickness and apical closure. Comparing
several protocols for revascularization and looking at the results did not allow to
deduct the best one. The outcome revealed not to be predictable and not to depend

on the protocol used.
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1. Introduction

This systematic review first includes a presentation of the concepts of
revascularization, how it was developed, what it consists of, which factors influence it
and what are its future possibilities of use. Case analysis will be conducted and
presented in result tables which will then be analysed to attempt uncovering the most

efficient protocol of revascularization.

1.1. Immature Permanent Teeth

Immature permanent teeth are defined as newly formed teeth that have not
completed their apex/root formation and thus possess an open apex (1). The normal
growth cycle for the root of a permanent teeth to finish its formation is three years
after it has emerged in the dental arch (1). Previous studies have shown that among
children aged for school, 25% will experience trauma (in most cases before 19 years
old (2)) and 25% to 65% of them exhibit untreated dental caries (3). Those traumas
and pathologies, together with developmental anomalies such as dens evaginatus
(prevalence of 0,5% to 4,3%(4)) and dens invaginatus (prevalence of 0,25% to 10% (4)),
usually provoke pulpar pathologies due to the infiltration of bacteria in the pulpar
microenvironment (1). This bacterial filtration will thus trigger an inflammatory
reaction that can cause irreversible pulpitis and end up as necrosis. If left untreated, it

will lead to subsequent periapical pathologies (1).



The filtration of bacteria will impact not only the pulp and its functions (inductive,
formative, nutritive, sensory and protective purposes (5)) but also the periapical
tissues involved in root development consisting of root lengthening, lateral wall
thickening and apical closure. Root development is due to the extension of the cervical
loop of the enamel organ in apical direction (6). From this cervical loop, an epithelial
bilayer will extend and form the Hertwig’s epithelial root sheath (HERS) (6). HERS is a
double layer cell of cells consisting of the inner and outer enamel epithelium (7). It is
responsible for the differentiation of odontoblast from the pool of mesenchymal stem
cells (known as apical papilla) as well as determining the final shape of the root (5).
Apical papillais in short a new terminology for the dental papilla located at the apex of
growing immature permanent tooth (8). It was recently discovered that it contains
new types of stem cells apart from the dental pulp stem cells (DPSCs) named stem cells
from the apical papilla (SCAP) (8). DPSC were considered to be the origin of
odontoblast although it seems that SCAP are the ones that differentiate into the
primary odontoblast responsible for root dentin formation while DPSC differentiate
into replacement odontoblast (8). Although it was shown that HERS was able to
induce continuous root formation in teeth that exhibited irreversible pulpitis and
necrosis (7), without appropriate treatment there will be an aggravation of the signs
and symptoms and the subsequent destruction of the HERS ending the process of
normal root development (lengthening, lateral wall thickening and apex closure(7)).
Thereby in the light of these considerations, and once the HERS is destroyed,
continuation of root development can only be achieved through new therapeutic
approaches centred on the potential of apical stem cells and dentine matrix-derived

growth factors entrapped in mineralized dentin (9).



1.2. Treatment available for young permanent teeth

Proper establishment of the pulp vitality is critical in order to select the proper
treatment for to the tooth. If the pulp is neither irreversibly inflamed nor necrotic,
partial pulpotomy or conventional pulpotomy could be undertaken (10). This
procedure could be successful thanks to the high cellular content in young permanent
teeth (10). If the pulp is diagnosed as irreversibly inflamed or necrotic, the treatment

options will be apexification and revascularization (3).

1.2.1. Apexogenesis

A brief summary of apexogenesis procedure is relevant even though it is part of the
vital pulp therapy. It was the only therapeutic approach, until revascularization
procedures were introduced, to achieve an increase in root length, root thickness and
root-end closure of immature teeth (11). This treatment is used in vital immature
permanent teeth with an incomplete root formation and a reversible pulpitis (10). It
consists of the removal of the inflamed pulp followed by the placement of a
biocompatible intracanal medication (Calcium hydroxide or mineral trioxide aggregate)
(7). The clinical relevance of this procedure lies in the fact that pulp tissue remains vital
and, in comparison with necrotic pulp, HERS did not suffer lack of blood supply; thus,
leaving the HERS viable for the physiological continuation of root formation (7). In
respects to correct case selection, the correct establishment that the pulp is vital (even
though assessment is difficult) is crucial : the outcome is predictable and the success of

the procedure goes up to 93,5% whereas it is not predictable for revascularization (9).



Relying on the fact that HERS has not been damaged, stem cells of the apical papilla
are still present and that pulp vitality is maintained : the formation of the root up to its

final length, thickness and the subsequent root-end closure is reached (7).

1.2.2. Apexification

Apexification procedures were introduced in order to treat immature permanent teeth
(necrotic or irreversibly inflamed) to achieve formation of an apical calcified barrier or
to provide continued apical development (5). Until its introduction in the 60s, various
approaches were used to treat necrotic teeth with an open apex. One example is
custom fitting of the filling material, such as gutta-percha cone. However this
technique has the disadvantage, due to the specificity of immature teeth (wider
diameter in apical portion than in the coronal one) to offer a poor apical seal (7).
Surgery procedures have also been used to get a proper sealing, but, because
immature permanent teeth present thin, irregular, fragile walls, they may fracture
during instrumentation or during the obturation of the retrocavity (7). Because of the
poor outcomes due to lack of apical sealing of these procedures, the need for an apical
barrier formation was established. Calcium hydroxide was used as a conventional
material in apexification procedure (6). Despite its favourable potential to attract
calcium ions from the bloodstream to initiate hard tissue formation (that could be
made of cementum, dentin, bone or “osteodentin”), and its antimicrobial property
(through the release of hydroxyl ions and its alkalinity (11)), several disadvantages

have been found(7).



Firstly, Calcium hydroxide dressing should be changed multiple times during the
treatment which would increase the risk for bacterial contamination due to an

improper coronal sealing (7).

Secondly, it could possibly weaken the mechanical properties of dentin (6). Even
though calcified apical barrier formation occurs in 74% to 100% of the case with
calcium hydroxide (7), 25% fracture rate have been reported in teeth following a long
term calcium hydroxide treatment (6) with majority of the fractures occurring at the

cervical part of the root (10).

Thirdly, the discovery of mineral trioxide aggregate (MTA) in 1993, allowed to partially
overcome some of the problems previously mentioned, and to create an apical barrier
in a single step technique (one visit apexification) (7). Due to its low solubility, MTA
does not need to be replaced, allowing to fill the root canal instantly all the while
decreasing the risk of bacterial contamination (7). In addition, it potentially increases
fracture resistance (6) through the immediate placement of an intracanal bonded core

(7) such as fiber post or composite core (6).

As stated before, immature permanent teeth treatments following necrosis and/or
periapical pathologies is challenging for each clinician. Until now, the desire treatment
outcomes of the conventional apexification techniques using calcium hydroxide or
MTA as intracanal dressing materials (7) were: the resolution of the periapical
pathologies and the subsequent healing of bone as well as the formation of a calcified
barrier at the root end which allowed for a proper sealing at the apex during
condensation (12). However, this technique (apexification) does not intend to

complete the vertical and horizontal growth of the tooth (13) thus leaving the tooth



with thin dentinal wall and shorter crown to root ratio (14). A higher risk of tooth
fracture and bone loss is then detected (14). Even though fracture rate following MTA
apexifications is lower than calcium hydroxide apexifications, because of its still thin
dentinal wall, immature teeth treated with MTA remained prone to fracture (15). This
fracture, when happening at the root portion, usually leaves the tooth with a poor
prognosis and will most likely result in tooth extraction (3). Therefore, the fracture
decreases the success rate outcome in prosthetic treatment and, in patient still
experiencing cranioskeletal development, consequences are even more damaging (12).
They include growing alterations in makxillary and/or mandibular bones, along with
masticating, breathing and pronunciations problems leading to pernicious
psychological effects (12). At the light of the possible complications of the traditional
apexification techniques and due to their limitations (impossibility to achieve further
root maturation and increase in root length and/or thickness), a new therapeutical

approach was needed.

1.3. History of revascularization

The first steps into the field of regenerative endodontic procedure were made by
Nygaard Ostby in 1961 on dogs and humans (16). He started with the postulate that in
general pathology blood clots play a key role in healing and that it should also be the
case in endodontic (16). Therefore, he conducted an histological study on dog and
humans teeth. In dogs, the tooth was extracted and the apical part of the apex was cut
before immediate re-implantation. Once inside the socket, the pulp was removed

through the crown. On humans, the pulp diagnosis range from normal pulp to necrotic



pulp. The pulp teeth were extracted, and an apical bleeding was created by a
laceration of the periapical tissue and a partial obturation of the canal was done by
gutta-percha coated with Kloroperka N-O powder (made of chloroform). Histological
examination exhibited ingrowth of granulation tissue from the periapical space which

is progressively replaced by fibrous connective tissue and cellular cementum.

The term revascularization was first used in 2001 by Iwaya et al. They attempted to
treat a mandibular molar with incomplete root formation, apical periodontitis and
sinus tract by using antibiotics intracanal dressing capped by calcium hydroxide. The
results showed: resolution of the symptoms, increase in root length and wall
thickening together with formation of an apical barrier in addition to positive response

to electrical stimulus (13).

The first protocol was introduced by Branchs & Trope in 2004 together with the
introduction of the triple antibiotics paste by addition of minocycline (17). Initial
clinical situation was similar as the one encountered by lwaya et al. After the complete
removal of the pulp tissue and copious irrigation with sodium hypochlorite, the triple
antibiotics paste was used as intracanal dressing until inflammation has diminished.
Then, irritation of the periapical tissues was performed in order to create bleeding and
generate a blood clot that was covered with MTA. Results were also promising with

the resolution of apical pathology and the subsequently achieving root formation (17).

1.4. What is revascularization

The tooth is organized around and controlled by the pulp. The pulp is a complex

network of loose connective tissues performing many fundamentals roles such as the



formation of primary dentin (until root completion) and secondary dentin (throughout
life), perception of noxious stimulus and transmission of sensory input like pressure or
temperature (6). Pulp tissues also provide defence mechanisms through an
immunological complex and the clearance of pathogens, as well as the production of
tertiary or reparative dentin in response to external aggressions (13). Its cellular
content is varied, including odontoblast (responsible for dentin formation), fibroblasts,
undifferentiated mesenchymal stem cells, nerve plexus and capillaries (6). As
previously established, vascularity is essential in cell survival and thus for root
completion (18). Therapeutic approaches for immature permanent teeth now focus on
the regeneration of the pulp tissue. This field named regenerative endodontic is
defined as a “biologically based procedures designed to replace damaged structures,
including dentin and root structures, as well as cells of the pulp-dentin complex” (19).
It is now widely recognized as part of the therapeutic arsenal of clinicians, as 96% of

the endodontists are willing to use regenerative endodontic (3).

Revascularization is a procedure aimed to promote physiological root completion in
immature permanent teeth relying on the potential that mesenchymal stem cells
located at the apical papilla will differentiate into odontoblast upon induction from
growth factors once they invade the root canal after induced bleeding at the apex (12).
This procedure is mainly performed in young patients with immature permanent teeth,
and while it was mostly performed in incisors and premolars (20), it has also recently
been used in molars (21). (However it has only been performed in a canine once (22)).
The AAE (American Association of Endodontists) has defined three objectives for this

procedure to be successful (14):



- Primary: Elimination of symptomology and evidence of bone healing.
- Secondary: Increase in root wall thickness and/or in increase root length.

- Tertiary: Positive response to vitality test.

While the primary objective is common to every endodontic treatment and
indispensable (being fulfilled in more than 90% of cases in regenerative endodontic
procedures (REP)) (12); the second one, being the real added value of REP, is a desired
outcome which shows variabilities in distinctive clinical cases. In a review of clinical
cases from 2015, increased root length was observed in 76,2%, increased root width in
79,2% and apical closure in 55,4% of cases (23). The third objective being the ultimate
goal and the leading objective in the current research, has only been witnessed a very

few times (24).

While revascularization is an easily duplicated procedure, it remains unpredictable as it
is subjected to many factors : operator variability, duration and extension of the
pathology, stage of the root development, size of apical diameter, and finally the type

and concentration of irrigant, antibiotics or disinfectants being used.

1.5. Stage of root development & size of apical diameter.

As dentists, we might wonder to which degree of root development, it is acceptable to
use REP over traditional apexification technique. Different degrees of root maturation
(5 stages) have been established by Cvek in 1992 (9) defined as follows : 1 stage is
defined as being under 1/2 of root length development; 2" stage corresponds to % of
root length formation; 3" stage to 2/3 of root length; 4" stage to a wide open apical

foramen and a nearly completed root length and finally 5% stage equalling a complete



root development and closed apical foramen (9). While all immature permanent teeth
with a necrotic pulp are suitable for REP, the clinical management of a tooth at stage 4
(nearly complete root formation with open apex) could also be done with traditional
apexification due the presence of the physiological length & thickness, the closure of
the apex being the key point in this case (9). While during apexification, the only
possible drawback was that a large apex size which could lead to material extrusion
(negative outcome), in revascularization a bigger apex size favours the vascularization
of the tooth. Previous studies on reimplantation of avulsed permanent incisors showed
that natural revascularization occurred in 18% to 34% of teeth with an apical foramen
larger than 1.1 mm (3). Based on this information, it was supposed that apex with a
size smaller than 1 mm would impede revascularization and some studies excluded
teeth with an apex smaller than 1 mm (24). But further research demonstrated that
even with an apex of 0.5 mm, successful revascularization could be achieved (even if
the subgroup with apex larger than 1mm obtained greater increase in root maturation)

(25).

1.6. Protocol

First appointment:

Local anesthesia, dental dam isolation and access.

Copious, gentle irrigation with 20ml NaOCL using an irrigation system that minimizes the possibility of
extrusion of irrigants into the periapical space (e.g., needle with closed end and side-vents, or
EndoVac™).

Lower concentrations of NaOCL are advised [1.5% NaOCL(20mL/canal, 5 min) and then irrigated with
saline or EDTA (20 mL/canal, 5 min), with irrigating needle positioned about 1 mm from root end, to
minimize cytotoxicity to stem cells in the apical tissues.

Dry canals with paper points.

10



Place calcium hydroxide or low concentration of triple antibiotic paste.

If the triple antibiotic paste is used: 1) consider sealing pulp chamber with a dentin bonding agent (to
minimize risk of staining) and 2) mix 1:1:1 ciprofloxacin: metronidazole: minocycline to a final
concentration of 0,1 mg/ml.

Deliver into canal system via syringe
e If triple antibiotic is used, ensure that it remains below CEJ (minimize crown staining).

Seal with 3-4mm of a temporary restorative material such as Cavit™, IRM™, glass-ionomer or another
temporary material. Dismiss patient for 1-4 week

Second appointment: 1-4 weeks after 1% visit

Assess response to initial treatment. If there are signs/symptoms of persistent infection, consider
additional treatment time with antimicrobial, or alternative antimicrobial.

Anesthesia with 3% mepivacaine without vasoconstrictor, dental dam isolation.

Copious, gentle irrigation with 20ml of 17% EDTA.

Dry with paper points.

Create bleeding into canal system by over-instrumenting (endo file, endo explorer) (induce by
rotating a pre-curved K-file at 2 mm past the apical foramen with the goal of having the entire canal
filled with blood to the level of the cemento—enamel junction).

An alternative to creating of a blood clot is the use of platelet-rich plasma (PRP), platelet rich fibrin
(PRF)or autologous fibrin matrix (AFM).
Stop bleeding at a level that allows for 3-4 mm of restorative material.

Place a resorbable matrix such as CollaPlug™, Collacote™, CollaTape™ over the blood clot if necessary
and white MTA as capping material.

A 3—4 mm layer of glass ionomer (e.g. Fuji IX™, GC America, Alsip, IL) is flowed gently over the capping
material and light-cured for 40 s

MTA has been associated with discoloration. Alternatives to MTA (such as bioceramics or tricalcium
silicate cements (e.g., Biodentine®, Septodont, Lancasted, PA, USA, EndoSequence® BC RRM-Fast Set
Putty, Brasseler, USA) should be considered in teeth where there is an esthetic concern

Anterior and Premolar teeth - Consider use of Collatape/Collaplug and restoring with 3mm of a non-
staining restorative material followed by bonding a filled composite to the beveled enamel margin.

Molar teeth or teeth with PFM crown - Consider use of Collatape/Collaplug and restoring with 3mm
of MTA, followed by RMGI, composite or alloy.

Follow-up: (6, 12, 24 months)

Clinical and Radiographic exam:

e No pain, soft tissue swelling or sinus tract (often observed between first and second
appointments).

e Resolution of apical radiolucency (often observed 6-12 months after treatment)

e Increased width of root walls (this is generally observed before apparent increase in root
length and often occurs 12-24 months after treatment).

e Increased root length.

e Vitality test

11



Recommended yearly follow-up after the first 2 years

CBCT is highly recommended for initial evaluation and follow-up visits

Table 1: AAE Clinical consideration for a regenerative procedure (26)

1.7. Mechanical debridement

Mechanical debridement has always been one of the key to success of conventional
endodontic treatment. Its role is to disrupt the bacterial biofilm in order to facilitate its
elimination together with irrigation (27). Although efficient, during instrumentation,
35% or more of the surface of the canals remains untouched (27) and that way a smear
layer is created (which could contain bacteria and obstruct the dentinal tubule that
potentially enclose bacteria too) (28). It is advisable to perform little to no mechanical
debridement in order to preserve the already thin dentinal wall and impede any
fracture risks (14). Although many clinicians and the AAE advise against mechanical
debridement, it is still used in many cases. Subsequent to histobacteriological analysis
in failed revascularization, some authors still advocate for mechanical debridement
after the discovery that it leads to a treatment failure mainly because of the presence
of bacteria at the apical part of the root (14). It is important to remember that until
now, the efficiency of removing bacteria during instrumentation in immature
permanent teeth hasn’t been investigated. Considering the previous points, a chemical
debridement is then essential in order to get a proper bacterial control as mechanical

one on itself is insufficient and could cause a fracture of the thin dentinal wall (29).
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1.8. Chemical debridement

Irrigation with sodium hypochlorite (NaOCL) is used in endodontic since 1920 (28).
Since then, it is the most widely used irrigant (29) as it holds effective bactericidal
capacity, lubrication capacity and also a tissue dissolution capacity (property that does
not share chlorhexidine (27)). The main roles of chemical irrigants are : the control of
bacteria inside the canals (being the most essential one), as well as the impediment of
debris compaction and extrusion of bacteria at the apex (27). It was established that
organic and inorganic compound of the dentin in suspension in a solution could alter
the bactericidal efficiency of the irrigant (27); thus, the AAE in the protocol for REP
recommended a copious irrigation of 20ml of sodium hypochlorite of the canal in
order to renew the irrigant and remove the organic and inorganic compound present
in the canal (14). As in regenerative endodontic the treated tooth is already weakened
due to its thin dentinal walls, maintenance of adequate structural characteristics
should be a requirement. Sodium hypochlorite has proteolytic activity over dentin
collagen matrix when used in high concentration (28), and has shown to affect those
structural characteristic by decreasing elastic modulus and flexural strength
significantly when used in high concentration (concentration of 5.25% compared to
one of 0.5%) (30). On the other end, previous studies exposed the fact that reduction
of intracanal bacteria was not greater at a 5% concentration in comparison to one of
0.5% (28). In addition to the previously established key factors in successful
endodontic outcome, namely, bacterial control and structural strength maintenance;
new key factors in the achievement of REP have emerged : maintenance of viable stem

cells together with growth factors availability. Following the discovery made in 2011, it
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was detected that subsequent to evoked bleeding, numerous mesenchymal stem cells

were delivered into the root canal (29).

Taking into account the central role that occupied stem cells play in the success of
revascularization, irrigation should not only be guided by the need of bacterial control
but also by its possible deleterious effects on stem cells. It has been demonstrated that
NaOCL, at a concentration of 0.5%, 1.5% and 3%, decreased the availability of stem
cells from the apical papilla (SCAP) by around 37% whereas at a concentration of 6%,
the reduction was very significant around 85% (31). This deleterious effect of NaOCL
was partially reversed after using 17% EDTA (Ethylenediaminetetraacetic acid) (31).
Another mineralization precursor of odontoblast; dentin sialophosphoprotein (DSPP) is
affected by NaOCL depending on its concentration. At a concentration of 1.5% NaOCL
does not affected DSPP gene expression, whereas at 3%, it reduces DSPP expression by
half and completely erases its expression when NaOCL is used at 6% (31). Those effects
were reversed, one completely and the other by half (respectively) after the use of
17% EDTA. NaOCL has demonstrated to have long lasting effect on dentin that couldn’t
be attributed to the presence of remaining irrigant in the dentinal tubule; after its
deactivation with 5% sodium thiosulfate , the negative effects of NaOCL were not
reversed (29). Those effects include denaturation of dentin-derived growth factors
together with a decrease in dental pulp stem cells (DPSCs) attachment on dentin (31).
DPSC exhibited (in vivo), higher proliferation rate and higher number of odontoblast-
like marker when placed in a tooth-sliced model in comparison to DPSCs placed in a
scaffold only (32). It could be established that morphogens and more precisely growth
factors, play a key role in dental stem cells survival, proliferation and differentiation

(32). EDTA has shown to solubilize growth factors from dentin and thus to increasing

14



their bioavailability (31). It also promoted stem cells differentiation and attachment
(29). A balance should be found between the leading concepts around bacterial control
and the emerging ones around stem cells and growth factor survival. Therefore, the
actual recommendations for chemical irrigation are : the use of 1.5% NaOCL followed

by 17% EDTA.

1.9. Intracanal medication

The first intracanal medicament used in REP was the double antibiotic paste (DAP) by
Iwaya et al. in 2001 composed of metronidazole and ciprofloxacin (14). Later Branchs
& Trope in 2004 added minocycline to what would soon become the triple antibiotic
paste (TAP) (33). This modification was created because of previous studies showing
the efficacy of the TAP to completely eliminate bacteria in vitro with a concentration of
100 pg/ml (29). In vivo study on dog teeth also revealed the efficacy of the TAP, being
effective in eliminating cultivable bacteria in 70% of the treated teeth and where the
remaining bacteria were only present in a very small amount (29). It was then
modified again by Thibodeau & Trope in 2007; minocycline, which is associated with
discoloration (34) has been replaced by cefaclor (33). In many case reports, clinicians
focused on the consistency of the TAP and not on the concentration (29). They wanted
to achieved a creamy texture by mixing it with water, saline or propylene glycol;
favouring its handling and delivery into the canal (29). But, at this described
consistency, the concentration of antibiotic is around 1,000 mg/ml which is known to
have detrimental effect over survival of SCAPs (35). In a study from 2012, the effect of

different concentrations of antibiotics commonly used in revascularization was
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analysed; it was found that all the antibiotics studied (DAP, TAP, modified TAP with
cefaclor and Augmentin) had a detrimental effect over SCAP survival when used at a
concentration of 1 mg/ml, 10 mg/ml, 100 mg/ml and 1,000 mg/ml (35). This
detrimental effect followed a concentration dependent pattern (35). The use of
antibiotics at a concentration of 0.1 mg/ml and 0.01 mg/ml is safe over SCAP survivals
(35) and effective against endodontics bacteria (29). In their comprehensive review
from 2018, Kim et al. remind that Augmentin, despite being effective in bacterial
destruction, only affects bacteria’s cells wall (which is absent in human cells) thus it is
not supposed to be harmful on human cells (9), but according to the study of Ruparel
from 2012, at a certain concentration, Augmentin decreases survival rate of SCAP (35).
Antibiotics exhibited several problems : their potential to induce bacterial resistance,
the possible systemic allergic reaction, the cytotoxic effects on cells and the problem
of removability (13). Following different common irrigation methods, it was revealed
that more than 80% of TAP was still present in the canals whereas more than 85% of
calcium hydroxide was removed (29). Despite its effect on SCAP, TAP have a negative
impact on growth factors released from dentin, while calcium hydroxide positively
influence their release (13). Calcium hydroxide on the other hand, doesn’t affect
survival of SCAPs (35) and exhibits bactericidal properties (11). It also promotes the
release of bio-active molecules from the dentine matrix which possess the capacity to
support reparative dentinogenesis (36). However Yassen et al. in 2013, showed that
the use of calcium hydroxide, DAP and TAP for a long period of time (3 months) had a
significant impact on fracture toughness and reduced it by 30%, 21% and 19%
respectively (37). TAP and DAP additionally, significantly decrease the root

microhardness; thus, the additional effect of EDTA irrigation on demineralization
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should be taken into account when selecting the intracanal medication (37). At the
time of intracanal medication election, the clinician should consider : its efficiency to
create a bacteria-free environment, its possible effect on dentine matrix (structural
strength, growth factors release), its consequence on SCAP and the potential for

adverse reactions.

1.10. Stem cells and growth factors

Regenerative endodontic procedures rely on stem cells’ potential (9). They have the
ability to differentiate into different phenotypes (odontoblasts, neural progenitors,
osteoblasts, endothelial cells) upon induction from environmental stimuli such as,
hypoxia, extracellular matrix, growths factors or other conditions (6). To achieve the
desired result in revascularization, namely the recovery of a functional dentinal-pulp
complex, three major principles of tissues engineering are applied (33). They enclose
an adequate source of progenitor/stem cells, viable growth factors capable of inducing
differentiation of stem cells and a 3D scaffold that regulate stem cells differentiation
through local release of growth factors (6). The main source of stem cells in REP is the
periapical tissue (33). Following laceration of the apical papilla, the influx of blood
inside the root canal contained a concentration of markers specifics to
undifferentiated mesenchymal stem cells 400 to 600 times superior (6). Following this
influx, stem cells should be guided by growth factors which regulate survival,
migration, proliferation and differentiation of cells (9). Mineralized dentin contains
several biological molecules such as glycosaminoglycans, non-collagenous proteins and

growth factors which are solubilized during dentin conditioning by EDTA (9). They
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could orientate the behaviours of stem cells (9). Different essential families of growth
factors are needed to achieve a functional dentinal-pulp complex. Transforming
growth factors B (TGF- B) are associated with cell proliferation, extracellular matrix
synthesis, odontoblastic differentiation and dentinogenesis (38). They also have a
chemotactic effect on dental pulp stem cells (in vitro) and play a role in immune
response of the pulp (38). Platelet derived growth factors (PDGF) act on angiogenesis
and promote cell differentiation, dentin matrix synthesis, odontoblastic differentiation
and dentinogenesis (38). Bone morphogenic protein (BMP) act on odontoblastic
differentiation and dentinogenesis (38). Vascular endothelial growth factors (VEGF)
promote odontoblastic differentiation and cell proliferation and act on
angiogenesis(38). Fibroblast Growth factors (FGF2) promote chemotaxis, angiogenesis
but also cell proliferation and dentinogenesis(38). Insulin-like growth factors (IGF) act
on cell proliferation and odontoblastic differentiation (38). Nerve growth factors (NGF)
encourage cell differentiation and angiogenesis (38). Through the use of those growth
factors it was shown that the functional pulp of a permanent teeth could be recovered
(in vivo) by a cell homing approach (39). Even though it was an ectopic transplantation,
it exhibited the complete pulp revascularization without the need for cell

transplantation (39).

The role of SCAP in the root development hasn’t been clearly established yet, but still it
has been enlightened by previous studies (8). It was observed (in vivo) that in teeth
where the pulp tissue was removed and the apical papilla retained (following trauma
and pulp exposure); a continuation of root tip formation could be appreciated (8).
Further histological examinations are needed to confirm if the formed tissue is dentin

or cementum. Another interesting study conducted in minipigs, exhibited the
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discontinuation of root formation when apical papilla was removed at early stage of
tooth development (8). Even though the discontinuation in formation could be due to
a damaged HERS during surgical removal of SCAP, those results are promising in

showing the role of SCAP.

1.11. Scaffold

A scaffold is one of the main element of REP; it is a three dimensional structure that
allows cell binding, cell localisation and which provides local release of growth factors
(24) through platelet activation (40). It should be biodegradable and simulate the
extracellular matrix (9). Blood clot (BC) is the most widely used scaffold. Besides being
cheap, it does not require manipulation by the clinicians and provides the entry of
numerous cells into the root canal (41). However the types of cells and their
concentration couldn’t be selected, making the outcome unpredictable (41). Another
issue that could appear would be the impossibility of inducing bleeding into the root
canals, maybe because of an extended periapical destruction. This concern might be
solved either by postponing the procedure until recovery from the peri-apical tissue (9)
or by going through an apexification procedure in single rooted teeth (as for multi-
rooted teeth, bleeding can be harvested from the others canals) (41). Autologous
platelet concentrates have been used as scaffolds (either alone or together with
induced bleeding) because of their high concentration of platelets and their possible
improvement of revascularization outcomes (42). Platelet rich plasma (PRP), platelet
rich fibrin (PRF) are the most commonly used. Platelet pelet (PP) have been tried for

the first time in REP in 2019 (42). Even though their use was associated with positive
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clinical and radiological outcomes, following histological analysis, no pulp like-tissue or
odontoblastic cells were found (41). Additionally no differences were found in terms of
root maturation between PRP, PRF, PP and BC (42). Thus because of the high cost of
autologous platelet concentrate and their small benefice over BC, their use isn’t
recommended (41). The development of an artificial scaffold that would contain a
cocktail of different growth factors at precise concentrations and with angiogenic,
proliferative, differentiative and chemotactic properties specific of the dentinal pulp

complex should be investigated.

1.12. Coronal seal

Once the scaffold is set, bacterial contamination remains an issue and should be
prevented (41). This is achieved through the placement of coronal plug of
biocompatible material capable of an effective bacterial seal (14). The capping
materials advised by the AAE are white MTA or calcium hydroxide (14). Calcium
hydroxide has been associated with discoloration problems (14). White MTA has been
developed due to the discoloration problems of grey MTA but white MTA remain
associated with discoloration problems (41). New types of bioceramics cements could
be used such as BioAggregate or Biodentine to overcome those aesthetic problems in
anterior sector (41). It is recommended to place the capping material over a sponge of
collagen to prevent its overextension (41). The capping material is then covered by a
layer of 3-4mm of glass ionomer cement (29). This will be reinforced by a final layer of

bonded reinforced composite restoration (29).
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1.13. Adverse effects

Discoloration is one of the most known adverse effects of revascularization. It affects
around 40% of teeth following REP (9). It is usually associated with TAP that contained
minocycline (14). An alternative to minocycline involves the use of DAP or modified
TAP (with cefaclor) (34). Capping material such as MTA (grey or white) and calcium
hydroxide are known to produce discoloration as well (9). Therefore, when working on
aesthetic anterior sectors, the choice of material is of particular importance. Bacterial
reinfection, because of improper canal disinfection or bacterial leakage may also
happened and lead to failure of the procedure (9). Another major issue are fractures,
which have been observed in some cases (9). Ultimately, root canal calcification
following revascularization was found in 62.1% of the cases (9). Its prevalence might be
increased when using blood clot as a scaffold, as blood clots have been associated with
a progressive root canal obliteration independently of the intracanal medication used

(TAP or Calcium hydroxide) (42).

1.14. Histology of the formed tissues

Repair is defined as “the development of replacement tissue, such as scar tissue,
without restoration of function” (19). Numerous histological examinations following
revascularization exhibited tissue formation resembling cementum, bone and fibrous
connective tissue (14). Two of them found dentin-like and pulp like tissues inside the
root canal (43,44). It is important to note that in these two cases there was irreversible
pulpitis. Stem cells from the dental papilla, stem cells from apical papilla and stem cell

from inflamed pulp tissues have the potential, upon appropriate induction to
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differentiate into odontoblast-like cells (9). Thanks to the tissues found in many
animals and humans histological study, it is supposed that the stem cells recruited
during evoked bleeding were mainly from the periodontal ligament and bone marrow
(9). Even though positive response to pulp vitality was found in 50% to 60% of the
cases following revascularization, histologic examination discard the possibility that
this is due to a mature pulp tissue (9). The positive response is mainly due to the vital
tissue that were formed which are vascularized and innervated (9). Hence,
revascularization could be defined as repair instead of regeneration (9). The
mechanical behaviour and the junction (attachment or adhesion) of this newly formed

mineralized tissue with the tooth has not been studied yet (41).

1.15. Future perspectives

An exciting perspective in the field of revascularization is to be able to achieve a true
regeneration. It would bring through the pulp organ, new “inductive, formative,
nutritive, sensory and protective functions” (5) to the tooth. Currently the
revascularization is achieved through two approaches that are both based on tissue
engineering principles: endogenous stem cells, growth factors with inductive capacities
and a biomimetic scaffold which provide a three dimensional support for the growth
factors and with the capacity to attract stem cells (13). Cell-free or cell homing is the
technique used nowadays; it relies on local stem cells and does not need any ex-vivo
manipulation and expansion (14). This procedure, despite being cheap, does not allow
to choose the stem cells that will enter the root canals. They could come from the

apical papilla, periodontal ligament or bone marrow (14). Cell-base method is the
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other option to achieve revascularization, it consists of the sampling of autologous
stem cells of pulp tissue followed by their expansion in the adequate culture medium
for their future reimplantation (13). It has proven, in several animals studies, the ability
to regrow a functional pulp complex (9). But it faces problems such as handling and the
availability of autologous stem cells (14). Stem cells could be dental pulp stem cells,
cells from exfoliated deciduous teeth and stem cells from apical papilla (14). Another
interesting aspect of the procedure is its potential use in mature permanent teeth. In a
60 years-old subject, Inflamed periapical progenitor cells of periapical tissue have been
able to differentiate into mineralized phenotype (6) and revascularization were
successful in subject with an apex of 0.5mm (25). More randomized clinical trial are
needed to establish the feasibility and possible benefit of the procedure in mature

teeth.

2. Objective:

At the light of the several possible approaches of revascularization, through different
protocols and the observation that they all possibly could be successful, the main
objectives of this work is to compare the different protocols available. To support this
work and answer to this objective, two secondary objectives have been established :
compare the short term and long term outcomes of each protocol through the review
of clinical cases and the determination of the advantages and disadvantages of each

protocols.
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3. Methodology:

To conduct the research of scientific articles for the systematic review, articles ranging
from 2001 to 2021 on the database PubMed, clinical research on revascularization
using the following keywords: “pulp revascularization” or “pulp revitalization” was

conducted.

Inclusion criteria : Studies conducted on humans, patients with immature permanent
teeth suffering from necrosis or irreversible pulpitis, a follow-up of at least 12 months

in each case, clearly described protocols and in English language.

Exclusion criteria: Study on animals, patient with permanent mature teeth, a follow-up
of less than 12 months, unclear protocols, studies in languages other than English,
insufficient data. The search produced 418 results. 43 were eliminated as they were
not within the date range established, 23 were removed because the text was not full.
11 were not in English, 120 were not conducted on humans, 141 were discarded
because there was no case report, clinical trials or randomized controlled trials. Thus
80 articles were selected. From those 37 were discard as they did not have a sufficient

follow-up or the clinical protocol was unclear or the subject was not about

Search result : 418

Excluded : 375

Meet inclusion criteria : 43

Added from bibliographic

Total articles: 49 Tatjvle 2: Dlagr.am showing the
articles selection process



revascularization. 6 articles were added following a bibliographic review of the

selected articles. A total of 49 cases were included.

The following information was collected : sample size, patient age, pathology of the
patient (pulp state, periapical state, aetiology), mechanical debridement, irrigation
(type of irrigant and concentration), intracanal medication (type and concentration),
final irrigation (type and concentration), evoked bleeding, additional scaffolds, follow-
up, outcomes (resolution of the periapical pathology, increase in root length, increase
in root width, apical closure, failure), adverse effects (discoloration or others),

response to vitality testing.
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4. Results:

No. Of Tooth Avg. . Pulp Periapical Instrumentat S Intracanal Final Evoked Additional
References Sex Aetiology . . Irrigation ... L .
teeth type age state affectation ion medication irrigation bleeding scaffold
5% NaOCL
* A * * *
Iwaya et al. (45) 1 PM 13 F N Y Minimal 3% H202 DAP
0,
Branchs & Trope (17) 1 PM 11 M * N Y N szi;/Na_?XCL TAP * * *
. 0
Thibodeau & Trope (46) 1 | 9 M T N Y N 1.25% NaOCL TAPm * Y *
, 5% NaOCL . .
Cotti et al. (47) 1 I 9 F T N Y N ity Ca(OH)2 Y
3TAP
Jung et al. (48) 4 4PM 10.75 4F 4* 4N 4y 4* 2.5% NaOCL 1Ca(OH)2 4* A 4*
Thibodeau (49) 1 | 9 M T N Y N 1.25% NaOCL TAPm * Y *
6% NaOCL
Reynolds et al. (50) 2 2PM 11 F 2DE 2N 2Y 2% ;;/ CaHX 2TAP 2% 2Y 2%
0
Ding et al. (51) 3 11 2PM 8.5 2F 1M 1DE 2T 3* 3Y 3* 5.25% NaOCL 3TAP 3* 3Y 3*
6% NaOCL
A * * * * *
Shin et al. (52) 1 PM 12 F DI N Y B —
5% NaOCL
* * *
Iwaya et al. (53) 1 | 8 M T N Y N 3% H202 Others
Ca(OH)2
Jung et al. (54) 2 2PM 11 2F 2DE 2N 2Y 2* 2.5% NaOCL T:(P ) 2* 1y 1* 2*
Nosrat et al. (55) 2 2M 8,5 1F 1M 2C 2N 2Y 2N 5.25% NaOCL 2TAP 2% 2Y 2%
, 2% CHX . .
Miller et al. (56) 1 | 9 M T IR Y Y 17% EDTA TAP EDTA 17% Y
- 5.25% NaOCL . .
Aggarwal et al. (57) 1 | 24 F T N Y Minimal 2% CHX TAP Y
5.25% NaOCL
Shivashankar et al. (58) 1 | 9 M T N Y Y 0 2; C:X TAP * * PRF
. 0
131 1PM 127 2C 2TAP
Dabbagh et al. (59 16 9.4 12%* 16N 9y 7* 16* 5% NaOCL 16* 16Y 16*
LSRR Rl () 2M 1DE 1DI % Na 14TAPM
Cehreli et al. (60) 1 | 8.5 M T * Y N 2.5% NaOCL Ca(OH)2 * Y *
Lenzi et al. (61) 2 21 8 M 2T 2N 1y 1* 2% 2.5% NaOCL 2TAP 2% 2Y 2%
Kim et al. (62) 3 3PM 11.5 2M 3* 3N 3Y 3* 3% NaOCL 3TAPm 3* 3Y 3*
Narayana et al. (63) 1 | 11 M DI N Y * 5.25% NaOCL TAP * Y *
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Shimizu et al. (43) 1 | 9 M T IP N Minimal 5.25% NaOCL Ca(OH)2 * Y *
Kottoor et al. (64) 1 | 12 M T N Y Partial 5.25% NaOCL TAP * Y *
Martin et al. (65) 1 M 9 M C N Y Y 5.25% NaOCL TAP * Y PRP
Soares et al. (66) 1 | 9 F T N Y Partial 2% CHX CalOH)2 & EDTA 17% Y *
' ° 2% CHX ’

Yang et al. (67) 1 | 11 M DI N Y N 5.25% NaOCL TAP * F *
S6nmez et al. (68) 3 3M 9 2F 1M 3C 3N 3Y 3* 5.25 NaOCL 3TAP 3* 3Y 3*
Keswani et al. (69) 1 | 7 M T N Y N 5.25% NaOCL TAP 3* 3N 3*
Mishra et al. (70) 1 | 11 M T N Y Minimal 2.5% NaOCL TAP * * PRF
Jadhav et al. (71) 6 6l 15.3 2M 1F 4T 2* 6N 6Y 6* 2.5% NaOCL 6TAP 6* 6Y 3PRP
Forghani et al. (72) 1 | 9 M T N Y * 5.25% NaOCL TAP * Y *
Shimizu et al. (73) 1 I 9 M T N Y & 2.6 NaOCL Ca(OH)2 & Y &

2.5% NaOCL
Bezgin et al. (74) 2 2PM 12 2M 1C1* 2N 2Y 2N 0.1;% (EZ‘HX 2TAPm 2EDTA 5% 2% 2PRP

5.25% NaOCL
B t al. (75 1 PM 11 F 1DE N T N TAP * Y *

ecerra et al. (75) 2% CHX
Lin et al. (76) 1 | 6 M T PIT Y N 5.25% NaOCL TAP * Y *
10 HS +
Nagy et al. (77) 20 201 10.85 9M 11F 20* 20N 20* 20Minimal 2.6% NaOCL 20TAPd 20* 20Y bFGFa
Mccabe et al. (78) 1 | 7 F T N Y N 5% NaOCL N EDTA 17% Y *
Sachdeva et al. (79) 1 | 16 M T N Y N 5.25% NaOCL TAP * * PRP
- 6% NaOCL

Pini et al. (80) 1 | 7 M T N Y * 2% CHX TAP * Y *
Wang et al. (81) 2 2PM 39 F 2DE 2N Y * 2.5% NaOCL 2TAP 2% 2% 2PRP

0.5% NaOCL

* 0,
Ray et al. (82) 1 | 11 M T N Y 17% EDTA DAP EDTA 17% Y PRF
Santiago et al. (40) 5 51 8.6 3M 5T 5N 5Y 5* 5.25% NaOCL 5TAP 5* 5* 5*
0,
Zhuijiang et al. (83) 1 M 20 M * N Y Y Gg/Ncal_?XCL Ca(OH)2 EDTA 17% Y rhPDGF-BB
0
Cho et al. (22) 1 C 11 M DI N Y Y 3% NaOCL DAP * Y *
Asgary et al. (84) 1 I 12 F T N Y Y 5.25% NaOCL TAP * Y *
Schmoeckel et al. (85) 1 M 8 M C N Y Minimal 0.6% NaOCL TAP EDTA 17% Y *
. 3PIT 1Dl -

Bakhtiar et al. (86) 5 51 11 3F 1M 17 5N 4Y 1IN 5Minimal 1.5% NaOCL 5TAPm EDTA 17% Y PRF
Peng et al. (44) 1 PM 11 F DE IP Y * 5.25% NaOCL TAP * F *
Kahler et al. (87) 2 2PM 11 F 2% 2N 2Y 2% 1% NaOCL 2TAPa 2% 2Y 2%
Elsheshtawy et al. (88) 31 311 12.65 15M 11F 30T 1Dl 31N 18Y 13* 31Minimal 5.25% NaOCL 31TAP 31 EDTA17% 17Y 14* 14 PRP

No, number; Avg, average; *, not specified in the article; I, incisor; C, canine; PM, premolar; M, molar; F, female; M, male; N, necrosis; IP, irreversible pulpitis; PIT, previously initiated therapy; Y, yes; N, no; F, failure;
NaOCL, sodium hypochlorite; CHX, chlorhexidine; H202 , hydrogen peroxide: EDTA, ethylenediaminetetraacetic acid; DAP, double antibiotic paste — metronidazole, ciprofloxacin; TAP, triple antibiotic paste —

27



metronidazole, ciprofloxacin, minocycline ; TAPm, triple antibiotic paste modified — metronidazole, ciprofloxacin, cefaclor; TAPd, triple antibiotic paste with doxycycline - metronidazole, ciprofloxacin, doxycycline; TAPa,
triple antibiotic paste with amoxicillin — metronidazole, ciprofloxacin, amoxicillin; PRP, platelet rich plasma; PRF, platelet rich fibrin; aHS, artificial hydrogel scaffold; bFGF, basic fibroblast growth factor; rhPDGF-BB,
recombinant human platelet derived growth factors.

Table 3: Pre-treatment

Resolution of

Average . .
References follow-up (in symptoms . Apexogenesis BOOt length BOOt L o] Pulp vitality  Discoloration Results

B and 'perlaplcal increase increase closure

healing

lwaya et al. (45) 30 Y Y . Y Y Y . S
Branchs & Trope (17) 24 Y Y Y Y Y Y . S
Thibodeau & Trope (46) 12,5 Y Y Y Y Y N . S
Cotti et al. (47) 30 Y Y Y Y Y N * S
Jung et al. (48) 19.25 ay 3Y 1IN 1Y 1IN 2* 3Y 1IN 3Y 1IN 4* 4* 3S 1F
Thibodeau (49) 41 Y Y Y Y Y N * S
Reynolds et al. (50) 18 2Y 2Y 2Y 2Y 2Y 2Y 1Y IN 2S
Ding et al. (51) 17 3Y 3Y 3Y 3Y 3Y 3Y 3* 3S
Shin et al. (52) 19 Y Y * Y Y N * S
Iwaya et al. (53) 156 Y Y . Y Y Y N S
Jung et al. (54) 33.5 2Y 2* IN 1* IN 1* 2* 2* 2* 2F
Nosrat et al. (55) 16.5 2Y 2Y 1Y IN 2Y 1Y IN 2N 2* 2S
Miller et al. (56) 18 Y Y Y Y Y Y Y S
Aggarwal et al. (57) 24 Y Y Y Y Y * * S
Shivashankar et al. (58) 12 Y Y Y Y Y Y . S
Dabbagh et al. (59) 24 16Y 16Y 16Y 16Y 16Y 16* 2Y 14* 16S
Cehreli et al. (60) 18 Y Y Y Y Y Y * S
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Lenzi et al. (61) 21 2y 1Y 1N 1y 1* 1y 1* 1y 1* 2* 2* 1S 1F
Kim et al. (62) 38 3Y 1y 2* 1y 2* 3Y 1y 2* 3* 3* 3S
Narayana et al. (63) 12 Y . N N . . . F
Shimizu et al. (43) 1,5 . . . . . . . F
Kottoor et al. (64) 60 Y Y Y Y Y N . S
Martin et al. (65) 25 Y Y . Y . . . S
Soares et al. (66) 24 Y Y Y Y Y N . S
Yang et al. (67) 24 Y Y . Y Y N Y S
Sénmez et al. (68) 24 3Y 3Y 3* 3Y 3Y 3* 3* 3S
Keswani et al. (69) 15 Y Y Y Y Y Y . S
Mishra et al. (70) 12 Y Y Y Y Y Y < S
Jadhav et al. (71) 12 6Y 6Y 6Y 6Y 6Y 6* 6* 6S
Forghani et al. (72) 18 Y Y Y Y Y . . S
Shimizu et al. (73) 26 Y Y Y Y Y < < S
Bezgin et al. (74) 12 2Y 2Y 2* 2* 2Y 2N 2* 2S
Becerra et al. (75) 24 Y Y N Y Y . . S
Lin et al. (76) 16 N < < < < < Y F
Nagy et al. (77) 18 17y 3* 17y 3* 17y 3* 17y 3* 17y 3* 20* 20* 17S 3F
Meccabe et al. (78) 18 Y Y Y Y Y . . S
Sachdeva et al. (79) 36 Y Y Y Y Y N . S
Pini et al. (80) 18 Y Y Y N Y N < S
Wang et al. (81) 30 2Y 2N 2N 2N 2N 2N 2* 2F
Ray et al. (82) 36 Y Y Y N N N Y S
Santiago et al. (40) 63 1Y 4N 1Y 4N 1Y 4N 1Y 4N 1Y 4N 5% 1Y 4N 5F
Zhujiang et al. (83) 15 Y Y . Y Y Y . S
Cho et al. (22) 24 Y Y Y Y Y N Y S
Asgary et al. (84) 36 Y Y Y Y Y . . S
Schmoeckel et al. (85) 24 Y Y Y Y Y . . S
Bakhtiar et al. (86) 18 5Y 5Y 5% 5Y 4y 1* 5% 3y 2* 5S
Peng et al. (44) 12 Y Y Y Y Y . . S
Kahler et al. (87) 96 2Y 2Y 2N 2Y 2* 2y 2y 2S
Elsheshtawy et al. (88) 12 31Y 27Y 4N 31* 31* 31* 31* 25Y 6* 27S 4F

Table 4: Post-treatment
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Variable

%

Sex

Male

Female

Not specified
Tooth type

Incisor

Canine

Premolar

Molar
Aetiology

Trauma

Dens invaginatus

Dens evaginatus

Caries

Others

Not specified
Pulp state

Necrosis

Irreversible pulpitis

Others

Not specified
Periapical state

Apical periodontitis

Apical abscess

Normal periapical tissue

Not precise enough

Not specified
Instrumentation

No

Yes

Partial

Minimal

Not specified
Irrigant

NaOCL

NaOCL with other irrigants

Others combinations
Intracanal medication

TAP

TAPmM

DAP

Ca(OH)2

Others combinations

None

Not specified

50%
40.2%
9.8%

74.7%
0.7%
17.6%
7%

54,2%
4.9%
7%
7%
2%
24.7%

94.4%
2%
0.7%
2.8%

28.2%
15.5%
1.4%
38.7%
16%

11.3%
4.2%
1.4%
43.7%
39.4%

64.4%
26.5%
4.1%

56.3%
18.3%
2.1%
4.9%
17%
0.7%
0.7%

Table 5: Demographic and study
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Not

Variable Yes (%) No(%) specified (%)
Periapical healing 93.4% 2.8% 3.5%
Apexogenesis 84.5% 8.6% 7%

Increase root length 50% 9.15% 40.9%
Increase root thickness 63.4% 7.8% 27.5%
Apical closure 61.3% 6.4% 32.4%

Pulp vitality 11.3% 12% 76.8%
Discoloration 27.5% 4.2% 68.3%

Table 6: Follow-up variables

5. Discussion:

According to this systematic review, 142 teeth were studied. The success rate outcome
for revascularization was of 85.2%. This means that in those cases, some increased
root length, thickness and/or apical closure were detected. But care must be taken at
the time of interpreting the results as the majority of the data was extracted from case
reports and/or case series and not only from randomized clinical trials. Thus, this data
might be subject to bias publication as authors are more prone to report cases with
positive outcomes rather than cases with negative outcomes. Another important point
at the time of interpreting the results is the great diversity in protocols and the lack of
standardized analysing methods. Although no differences were found between 2-
dimensional radiograph and CBCT at the time of assessment in root development (88),
the use of standardized analysing methods for each patients and at each appointment
is mandatory in order to reduce the risk of distortion due to angulation which could

alter the results.
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The tooth was considered as whole, thus for multirooted teeth if a canal presents a
characteristic and/or pathology, it was recorded as if all the canals were subject to it.
In the articles, An indicated “continued root formation and/or physiological root
formation” which informed of the outcome was recorded as an increase in length and
width. Minimal instrumentation referred to a light instrumentation up to the apical
third whether partial instrumentation referred to an instrumentation of the coronal
and/or middle third. The case was considered a failure if the tooth did not achieve the
primary objective (Elimination of the symptoms and the evidence of bone healing) but
also if it did not achieve one of the secondary objectives (Increase root wall thickness
and/or increase root length and/or apical closure) or if it was recorded by the author

as failure.

5.1. Revascularization protocols:

5.1.1. Mechanical debridement

Regarding instrumentation, nearly half of the cases were found to have some kind of
root canals mechanical debridement which is not in accordance with the clinical
consideration for regenerative procedure proposed by the AAE. It is supposed that
authors had chosen to use it following the discovery that failure in REP were mainly
due to remaining bacteria in the apical third (14). As the procedure is performed on
teeth with thin dentinal wall, the potential benefit on bacterial control might not
exceed the risk of weakening the already fragile, fracture prone immature teeth (3).

The instrumentation created a smear layer that will occlude the dentinal tubule and
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alter the cell migration, proliferation and adhesion (25). However, in the ten cases with
a failed outcome (40,43,48,54,61,63,76,77,81,88), only two used instrumentation
(77,88). Among the failed cases, EDTA was used in only one study (88). EDTA use (a
chelator agent) as final irrigation solution for chemical debridement, has the potential
to remove the smear layer created during the mechanical debridement; EDTA also
promotes the release of growth-factors entrapped into dentin that will enhance
differentiation of stem cells into odontoblast-like cells (31). This property of EDTA s
known by many clinicians but it was only used in 9 out of 49 studies which represent
28% of the treated teeth. It was used with a concentration of 17% except one study

which used it at 5% (74).

5.1.2. Chemical debridement

During irrigation, NaOCL was used in the majority of the case, either alone (64.4%) or
together with another irrigant (26.5%). Its concentration varied from 0.5% to 6% but in
many studies, it was used at concentration higher than 5%. The rationale for using this
high concentration is unidentified especially because it was demonstrated that 5%
NaOCL did not eliminate more bacteria inside the canal compared to 0.5% NaOCL (28)
and also that 5.25% NaOCL significantly decreased the elastic modulus of dentin
compared to a 0.5% concentration (28). It was also stated that it is the TAP and not the
irrigant that have the greater bactericidal effect (23). Five of the failed cases used a
concentration of 2.5% or 2.6% (44,48,54,61,77) while the rest use a concentration of
5.25% (40,43,63,76,88). Although it was demonstrated that NaOCL had deleterious

effects on stem cells survival, especially when used a 6% (31) and if EDTA (that could
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reverse this deleterious effect) use was sparse; many more cases should have failed as
stem cells are believed to be the corner stone in successful revascularization and that
theoretically stem cells should have been damaged. In some cases chlorhexidine was
used, either alone or together with NaOCL at a concentration that varied from 0.12%
to 2%. While the cytotoxicity of chlorhexidine over stem cells have been verified (89),
11 studies used it in there protocols and all were all successful while among them 4
used EDTA as a final irrigation. Three studies used H202 together with NaOCL and all

were also successful.

5.1.3. Intracanal medication

Regarding intracanal medication, TAP has been the most used (56%). It is plebiscite for
its powerful antibacterial properties (studied in-vitro) (9), but it also raises concern for
its potential systemic allergic effect, for the development of bacterial resistant strains
(9). TAP moreover has a harmful effect over stem cell when used at high
concentration (29) which is often the case as many author are concerned about the
consistency of the paste and not about the concentration of antibiotics (13). It also
appears that the elimination of the paste is complicated and that antibiotics have a
profound effect on dentin (29). TAP has been associated with discoloration problems
due to minocycline (14) which explained that some authors removed it from the
formula or that it was replaced by cefaclor, doxycycline or amoxicillin. Five cases that
used TAP exhibited discoloration (50,56,59,67,88), while three others case that used
substitutes of minocycline such as DAP (22), TAPm (86) and TAPa (87) also suffered

discoloration. Ca(OH)2 is also recommended by the AAE as intracanal medication due
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to its antibacterial properties. It appears to have a positive impact over stem cells from
the apical papilla (29). One of its adverse effects which is also common to the antibiotic
paste, is its effect on dentin structure (29) but this deleterious effect only appears 2

months after the medication has been placed inside the canal (13).

5.1.4. Evoked bleeding

There is one successful case of revascularization in which there was not any evoked
bleeding. The pulp was necrotic but the author used an additional scaffold of PRF (69).
This scaffold rich in growth factor attracted apical stem cells and replaced the need for
evoked bleeding (41). Two other cases failed to induced bleeding inside the canal. One
from Yang (67) : the pulp was necrotic but apically there was a periapical periodontitis
meaning that HERS could still be viable and capable of physiological root formation
once bacterial control was established. The last one from Peng (44) is about a premolar
with irreversible pulpitis and periapical periodontitis. It is observed by the author that
the tooth was previously treated with partial pulpectomy which again should have
favoured the survival of HERS. This could explain the success of the procedure. Also
upon histologic analysis, pulp-like and dentin-like tissue were found apically. It was not
specified if the tooth was instrumented. Thus the growing of those physiological

tissues could be explained by remanent of pulp tissue.

5.2. Revascularization outcomes:
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5.2.1. Primary and secondary objectives

Periapical healing and resolution of the symptoms which is essential were observed in
93,4%. Apexogenesis, that here encompass either an increase in root length, thickness
and/or signs of apical closure, was observed in 84,5%. Increase in root length reach
50%, root thickness reach 63,4% and apical closure 61,3%. Those results are coherent
with the procedure as the 3-dimensional scaffold inside the canal produce a
progressive obliteration of the canal following formation of mineralized tissue, which
means that the increase in root thickness is higher than the increase in root length.
The high percentage of apical closure could also be explained as the increase in
thickness of the root canal could lead to a closure of the apex by mineralized tissue

without necessarily involving the increase in length.

5.2.2. Tertiary objective

Pulp vitality was found in 11,3% of the cases. This result, which is the tertiary goal of
revascularization, could be misleading : the tissue growing inside the canal could be
composed of periodontal ligament, cementum and bone, thus be vascularized and
elicit a positive response upon vitality test (41) without being proper pulp tissue.
Another factor that could alter the vitality testing is the capping layer of MTA of usually
3 to 4mm which could give a false negative response (41). Thus without a proper
histological confirmation the positive response to vitality test might not be considered

as a true regeneration (13).
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5.2.3. Discoloration

Discoloration represent 27.5% of the cases. While it was mainly due to minocycline
present in the TAP (13), the capping material, whether it is grey MTA or white MTA,
could also cause discoloration (20). In this review, 7 cases reported discoloration
subsequent to the use of TAP (40,50,56,67,76,88) and 1 changed its protocols to TAPm
after two teeth exhibited discoloration (59). Following this modification in the
protocols, no more teeth experienced discoloration. Three others cases experienced
discoloration even though they didn’t use TAP. No explanations were given about the
aetiology, but each of them used MTA (22,82,87). One case suffered minimal
discoloration (86). The author used TAPm and attributed the discoloration to the

capping of Biodentine.

6. Conclusion:

Regarding the present study, revascularization showed signs of apexogenesis in the
majority of cases, and a pronounced increase in root thickness, root length together
with the closure of the apex in a great number of teeth. Those results demonstrate the
great variability in procedures and outcomes regardless of the applied protocols. Due
to a high number of protocols and their heterogenicity, the superiority of one over the
others cannot be established. More randomized clinical trials are needed to determine
the most effective protocol. This study encloses a majority of case reports and thus
they can be subject to publication bias, which is an issue. Finally, All the studies were
not analysed with the same rigour by their author due to the lack of standardized

analysing methods.
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A guideline which lists the different information that the dentist must follow should be
established for a better understanding and analysis of each case. The precise role of
stem cells in revascularization should be studied more in depth to guide the clinicians

to the need of bacterial-free microenvironment while preserving stem cells.
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ABSTRACT
This is a protocol for a2 Cochrane Review (Intervention). The objectives are as follows:

The objective of this review will be 1o assess the effects of different interventions 1o manage immarure permanent teeth with necrotic
pulps.

BACKGROUND An immarure permanent tooth is 2 young/newly erupted perma-
nent tooth with incomplete root 2pex formation. After a perma-

nent wooth emerges in the mouth, it usually takes three more years

Description of the condition

Dental caries and traumatic injuries are common problems in
young children with immarure permanent teeth, often leading o
pulp necrosis, which is defined as a dlinical diagnostic category in-
dicating the death of the dental pulp (Glossary of endodontic terms
2015). Dental pulp is a richly vascularized and innervated spe-
cialized connective tissue of ecto-mesenchymal origin; contained
in the central space of 2 wooth, surrounded by the dentine, with
inductive, formarive, nutritive, sensory and protective funcrions
(Glossary of endodontic terms 2015).

for the root development to complete (Fouad 2009). The shape
and form of these developing roots are determined by 2 two-lay-
ered cellubar strucrure called the Herrwig’s epithelial root sheath
(HERS) (Bhasker 1991). Development of roots in the postemer-
gent years consists of the increase in root length, increase in root
wall thickness and narrowing of root canals in the apical region
(root apex). Any disruption in the blood supply 1o HERS as a2
resulr of pulp necrosis can disrupt cell proliferation and differ-
entiation causing cessation of root development. Abnormal hard
tissue deposition may also occur in this sinuation (Torneck 1982).

Interventions for managing immature permanent teeth with necrotic pulps (Protocel) I
Copyright © 2017 The Cochrane Collaboration. Published by John Wiley & Soms, Ltd.
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Abstract — Background Aim: A traumatic dental injury (TDI) is a public dental
health problem because of its frequency, occurrence at a young age, costs and
that treatment may continue for the rest of the patient’s life. The aim of this
paper is to present al2-year, international review of the prevalence and incidence
of TDIs including some background factors and a quick, casy method in
registering TDIs to receive a primary understanding of the extent and severity of
dental rauma. Material and method: The databases of Medline, Cochrane,
SSCI, SCI and CINAHL from 1995 to the present were used. Resulr: The results
indicate a high prevalence of TDIs in primary and permanent tecth and that
TDIs exists throughout the world. The prevalence show that one third of all
preschool children have suffered 2 TDI involving the primary dentition, one
fourth of all school children and almost one third of adults have suffered a
trauma to the permanent dentition, but variations exist both between and within
countries. Activities of a person and the environment are probably more
determining factors of TDIs than gender and age. A risk profile why some
patients sustain multiple dental trauma episodes (MDTE) is necessary to
present. All dental clinics should have a prospective ongoing registration of
TDIs. The NUC method (N = no TDI, U = uncomplicated TDI, C = com-
plicated TDI) presents if there has been any TDI and the severity of that trauma.
Conclusion: The trend of TDIs seems to be stable on a high level with variations
largely reflecting local differences. Because of the complexity of TDIs, every
dental clinic should have a prospective ongoing registration of number and
severity of TDIs.

Is a traumatic dental injury (TDI) a public dental health
problem today? The answer is an overwhelming “yes’ and
the reasons are fourfold. First, trauma to the oral region
occurs frequently and makes up 5% of all injuries for
which people seck treatment in all dental clinics and
hospitals in a county(1). Second, TDIs tend to occur at a
young age during which growth and development take
place (2). In preschool children, for example, the figure is
as high as 18% of all injuries (1). Third, treating a TDI
can often be complicated and expensive (3), frequently
involving participation of specialists in several disci-
plines. Fourth, in contrast to many other traumatic
injurics treated on an outpatient basis, a TDI is mostly
irreversible and thus treatment will likely continue for
the rest of the patient’s life (2, 3).

Other questions about TDIs are of interest. Will TDIs
in the future look the same as they do today? Will it still
be 10 to 12-year-old boys that are the most likely victims
of dental trauma (4)? Or, will it be an increase among
girls because of their increasing interest in sports? Or, are
we going to see elderly people who still have their own
teeth, with an increased risk of a TDI because of falling
(5)? Another new category could be individuals who have
lost an anterior tooth because of a TDI and, as an

© 2008 The Author, Journal comgnlation © 2008 Blackwell Munksgaard
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clegant solution, have received an implant. What hap-
pens to the implant and the bone when they encounter
another TDI? Recent case reports have focused on this
type of problem (6-8).

Evidence suggests that there is also an impact of
treatment of dentzal trauma on the quality of life (QoL)
of the individual. Recent studies of adolescents have
indicated that treatment of permanent incisors with
enamel-dentin fractures does not eliminate the impact
of trauma on daily life (9, 10). On average, children
with an untreated TDI were 20 times more likely to
report an impact on QoL because of the injury when
compared with children without any TDI (9). More
adolescents with a history of treatment of an enamel-
dentin fracture suffered from reduced QoL than ado-
lescents with no history of dental trauma. Untl now,
only a few studies have presented findings on this
subject matter (10).

The aim of this 12-year review is to present & broad
international review of the prevalence and incidence of
TDIs including back ground variables. A quick, casy
method of registering TDIs to receive 2 primary under-
standing of the extent and seriousness of dental trauma
in every dental clinic will also be presented.
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Abstract — The regeneration of immature permanent tecth following trauma
could be beneficial to reduce the risk of fracture and loss of millions of teeth each
year. Regenerative endodontic procedures include revascularization, partial
pulpotomy, and apexogenesis. Several case reports give these procedures a good
prognosis as an alternative to apexification. Care is needed to deliver
regenerative endodontic procedures that maintain or restore the vitality of teeth,
but which also disinfect and remove necrotic tissues. Regeneration can be
accomplished through the activity of the cells from the pulp, periodontium,
vascular, and immune system. Most therapies use the host’s own pulp or
vascular cells for regeneration, but other types of dental stem cell therapies are
under development. There are no standardized treatment protocols for
endodontic regencration. The purpose of this article is to review the recent
literature and suggest guidelines for using regenerative endodontic procedures
for the treatment of permanent immature traumatized teeth. Recommendations
for the selection of regenerative and conventional procedures based on the type
of tooth injury, fracture type, presence of necrosis or infection, periodontal
status, presence of periapical lesions, stage of tooth development, vitality status,
patient age, and patient health status will be reviewed. Because of the lack of
long-term evidence to support the use of regenerative endodontic procedures in
traumatized tecth with open apices, revascularization regeneration procedures
should only be attempted if the tooth is not suitable for root canal obturation,
and after apexogenesis, apexification, or partial pulpotomy treatments have
already been attempted and have a poor prognosis.

Studies have shown that 25% of school-aged children
will experience some kind of dental trauma (1) and 25%
to 65% of school-aged children have untreated dental
caries (2). The dental treatment for avulsed or trauma-
tized teeth with an exposed pulp can vary considerably.
Some dentists debride the pulp tissues and obturate the
root canal with gutta-percha (3-6), composite resin,
calcium hydroxide (7), or mineral trioxide aggregate
(MTA) (8). Mecanwhile, other dentists will attempt
regenerative endodontic procedures to maintain or
restore the vitality of a tooth. Regenerative endodontic
procedures involving pulp capping and partial pulpoto-
my have been in use since the late 1970s (9). Some root
canal revascularization procedures have also been used
since the carly 1970s (10). Practitioner interest in
delivering regenerative endodontic precedures has been
growing, with 96% of endedontists being willing to
incorporate regencrative therapies into treatments (11).
Regenerative endodontic procedures are diverse and can
include direct pulp capping, revascularization, apexo-
genesis, apexification, and even stem cell therapy and
tissue engincering (12). Regenerative endodoatic proce-
dures can be defined as biologically based procedures

© 2011 John Wiley & Sons A/S
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designed to predictably replace damaged, discased, or
missing structures, including dentin and root structures
as well as cells of the pulp-dentin complex, with live
viable tissues, preferably of the same origin, that restore
the normal physiologic functions of the pulp-dentin
complex (12). Over the past few years, progress in this
field has been rapid. Several case reports give revascu-
larization (10, 13-23), apexogenesis (24-29), and partial
pulpotomy (9, 30-34), a good prognosis as an alternative
to apexification but few or none describe any limiting
factors to their success. Regenerative endodontic proce-
dures can be beneficial to patients if they can prolong the
functionality and vitality of traumatized teeth and help
avoid fracture.

Apexification

Closure of the open apex of an immature tooth has
traditionally been accomplished through an apexification
procedure. Apexification is 2 method of inducing a
cakified apical barrier or continued apical development
of an incompletely formed root in which the pulp is
necrotic (35, 36). Apexification can involve a single (37)



Combination of dens evaginatus and dens invaginatus

A Novel Combination of dens evaginatus and dens invaginatus in
a Single Tooth — Review of the Literature and a Case Report
Robert P Anthonappa * / Cynthia KY Yiu ** / Nigel M King ***

Dens evaginatus (DE) and dens invaginatus (DI) are rare developmental dental anomalies affecting both the
primary and permanent dentitions. Concurrence of DE and DI within the same tooth is extremely rare. We
report a case of DE and DI in a maxillary right lateral incisor tooth. Comprehensive clinical and radi-
ographic examinations are essential to identify such defects; the early diagnosis can then result in the appro-
priate prophylactic treatment being performed, thus preventing undesirable pulpal complications.
Keywords: case report, dens evaginatus, dens invaginatus

J Clin Pediatr Dent 32(3): 239-242, 2008

INTRODUCTION
ens evaginatus (DE) is a rare developmental anom-
Daly of a tooth resulting in the formation of an acces-
sory cusp' comprising of enamel, dentin and varying
amounts of pulp tissue.? This uncommon anomaly was first
reported by Windel’ where he mentioned two cases of super-
numerary cusps on the palatal surface of permanent maxil-
lary incisors and canines. Later, Mitchell* in her letter
described a curved horn-like process extending from the
palatal surface to the incisal edge of a permanent maxillary
central incisor tooth. Since then numerous case reports have
been published in the English literature,' and it is usually
reported to be found on the occlusal surface of premolars or
projecting from the lingual surface of anterior teeth in both
the primary and permanent dentitions. Talon cusp occurs at
the morphodifferentiation stage of tooth development, as a
result of an out-folding of the enamel organ, or hyperactiv-
ity of the dental lamina.’ It has a strong predilection for per-
manent maxillary incisors and may present unilaterally or
bilaterally.
Dens invaginatus (DI), which is a rare malformation of
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the tooth, probably arises from an infolding of the dental
papilla during tooth development,” it has a broad spectrum of
morphological variations. It has been reported that DI was
first described in a human tooth by a dentist named
‘Socrates’ in 1856.” It frequently affects the permanent max-
illary lateral incisors, usually bilaterally®* and the morphol-
ogy varies from a short pit confined to the crown of the tooth
to a deep invagination into the root. Radiographically, it pre-
sents with an infolding of enamel and dentin (enamel located
in the center which is covered by dentin peripherally due to
the invagination), which may extend into the pulp cavity, the
root, and sometimes even to the root apex.® Several classifi-
cations of invaginated teeth have been reported in the litera-
ture’; the most commonly used being the one proposed by
Oehlers.*

The numerous reports of DE in the literature was recently
reviewed by Levitan and Himel.! DE predominantly occurs
in people of Asian descent (including Chinese, Malay, Thai,
Japanese, Filipino, and Indian populations) with varying
estimates reported at 0.5% to 4.3%, depending upon the
population group studied.” Conversely, the prevalence of DI
varies between 0.25% and 10% in different studies." This
variation is probably due to geographical differences and
variations in diagnostic criteria and/or investigation meth-
ods. Talon cusp, which is a variation of DE, is found in the
primary and permanent maxillary incisors with variations in
size, shape, length and mode of attachment to the crown.
DE has been reported to be associated with numerous devel-
opmental dental anomalies like odontome, double tooth,
supernumerary and impacted teeth, as well as several syn-
dromes such as Mohr syndrome, Rubinstein—Taybi syn-
drome and Sturge—Weber syndrome.">' The concurrence of
DE and DI within the same tooth is a rare finding and has
only been reported twice in the literature.””'* Here we report
a case of DE and DI affecting a maxillary right lateral
incisor.

Volume 32, Number 3/2008 239
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Apexification: a review

Rafter M. Apexification: a review. Dent Traumatol 2005; 21: 1-8.
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Abstract — This paper reviews the rationale and techniques for
treatment of the non-vital immature tooth. The importance of
careful case assessment and accurate pulpal diagnosis in the
treatment of immature teeth with pulpal injury cannot be
overemphasized. The treatment of choice for necrotic teeth is
apexification, which is induction of apical closure to produce more
favorable conditions for conventional root canal filling. The most
commonly advocated medicament is calcium hydroxide, although
recently considerable interest has been expressed in the use of
mineral trioxide aggregate. Introduction of techniques for one-visit
apexification provide an alternative treatment option in these
cases. Success rates for calcium hydroxide apexification are high
although risks such as reinfection and tooth fracture exist.
Prospective clinical trials comparing this and one-visit apexification

techniques are required.

The completion of root development and closure of
the apex occurs up to 3 years after eruption of the
tooth (1). The treatment of pulpal injury during this
period provides a significant challenge for the
clinician. Depending upon the vitality of the affected
pulp, two approaches are possible — apexogenesis or
apexification. Apexogenesis is ‘a vital pulp therapy
procedure performed to encourage continued phy-
siological development and formation of the root
end’ (2). Apexification is defined as ‘a method to
induce a calcified barrier in a root with an open
apex or the continued apical development of an
incomplete root in teeth with necrotic pulp’ (2). As
always, success 1s related to accurate diagnosis and a
full understanding of the biological processes to be
facilitated by the treatment.

Root development

Root development begins when enamel and dentin
formation has reached the future cementoenamel
junction. At this stage the inner and outer enamel
epithelium are no longer separated by the stratum
intermedium and stellate reticulum, but develop as a
two layered epithelial wall to form Hertwig’s
epithelial root sheath. When the differentiation of
radicular cells into odontoblasts has been induced
and the first layer of dentin has been laid down,
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Hertwig’s epithelial root sheath begins to disinteg-
rate and lose its continuity and close relationship to
the root surface. Its remnants persist as an epithelial
network of strands or tubules near the external
surface of the root (1).

Hertwig’s epithelial root sheath is responsible for
determining the shape of the root or roots. The
epithelial diaphragm surrounds the apical opening
to the pulp and eventually becomes the apical
foramen. An open apex is found in the developing
roots of immature teeth until apical closure occurs
approximately 3 years after eruption (1).

Pulpal injury in teeth with developing roots

Unfortunately traumatic injuries to young perma-
nent teeth are not uncommon and are said to affect
30% of children (3). The majority of these incidents
occur before root formation is complete (4) and may
result in pulpal inflammation or necrosis. The root
sheath of Hertwig is usually sensitive to trauma but
because of the degree of vascularity and cellularity
in the apical region, root formation can continue
even in the presence of pulpal inflammation and
necrosis (5, 6). Because of the important role of
Hertwig’s epithelial root sheath in continued root
development after pulpal injury, every effort should
be made to maintain its viability. It is thought to

1



1duosnuepy Jouiny Vd-HIN 1duosnuely JoyIny Yd-HIN

yduosnuepy Joyiny vd-HIN

2

g%w%é NIH Public Access

5 Author Manuscript

o
eSS

Published in final edited form as:
J Endod. 2008 June ; 34(6): 645-651. doi:10.1016/j.joen.2008.03.001.

The Hidden Treasure in Apical Papilla: The Potential Role in Pulp/

Dentin Regeneration and BioRoot Engineering
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Abstract

Some clinical case reports have shown that immature permanent teeth with periradicular periodontitis
or abscess can undergo apexogenesis after conservative endodontic treatment. A call for a paradigm
shift and new protocol for the clinical management of these cases has been brought to attention.
Concomitantly, a new population of mesenchymal stem cells residing in the apical papilla of
permanent immature teeth recently has been discovered and was termed stem cells from the apical
papilla (SCAP). These stem cells appear to be the source of odontoblasts that are responsible for the
formation of root dentin. Conservation of these stem cells when treating immature teeth may allow
continuous formation of the root to completion. This article reviews current findings on the isolation
and characterization of these stem cells. The potential role of these stem cells in the following respects
will be discussed: (1) their contribution in continued root maturation in endodontically treated
immature teeth with periradicular periodontitis or abscess and (2) their potential utilization for pulp/
dentin regeneration and bioroot engineering.

Keywords

Apexogenesis; apical papilla; bioroot engineering; dental pulp stem cells; immature teeth;
periodontal ligament stem cells; pulp regeneration; stem cells from human exfoliated deciduous teeth;
stem cells from the apical papilla

A number of recent clinical case reports have revealed the possibilities that many teeth that

traditionally would receive apexification may be treated for apexogenesis. A call for a paradigm
shift and new protocol for the clinical management of these cases has been made by the authors
(1-3). A recent scientific finding, which may explain in part why apexogenesis can occur in

these infected immature permanent teeth, is the discovery and isolation of a new population of
mesenchymal stem cells (MSCs) residing in the apical papilla of incompletely developed teeth
(4,5). These cells are termed stem cells from the apical papilla (SCAP), and they differentiate

Address requests for reprints to Dr George T.-J. Huang, University of Maryland, College of Dental Surgery, Dental School, Department
of Endodontics, Prosthodontics and Operative Dentistry, 650 West Baltimore St, Baltimore, MD 21201. E-mail address:
ghuang@umaryland.edu..
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Abstract

Kim SG, Malek M, Sigurdsson A, Lin LM, Kahler B.

Regenerative  endodontics: a comprehensive review.

International Endodontic Journal, 51, 1367-1388, 2018.

The European Society of Endodontology and the
American Association for Endodontists have released
position statements and clinical considerations for
regenerative endodontics. There is increasing litera-
ture on this field since the initial reports of Iwaya
et al. (Dental Traumatology, 17, 2001, 185) and
Banchs & Trope (Journal of Endodontics, 30, 2004,
196). Endogenous stem cells from an induced periapi-
cal bleeding and scaffolds using blood clot, platelet
rich plasma or platelet-rich fibrin have been utilized
in regenerative endodontics. This approach has been
described as a ‘paradigm shift’ and considered the first
treatment option for immature teeth with pulp necro-
sis. There are three treatment outcomes of regenera-
tive endodontics; (i) resolution of clinical signs and
symptoms; (i) further root maturation; and (iii)
return of neurogenesis. It is known that results are
variable for these objectives, and true regeneration of
the pulp/dentine complex is not achieved. Repair

derived primarily from the periodontal and osseous
tissues has been shown histologically. It is hoped that
with the concept of tissue engineering, namely stem
cells, scaffolds and signalling molecules, that true pulp
regeneration is an achievable goal. This review dis-
cusses current knowledge as well as future directions
for regenerative endodontics. Patient-centred out-
comes such as tooth discolouration and possibly more
appointments with the potential for adverse effects
needs to be discussed with patients and parents. Based
on the classification of Cvek (Endodontics and Dental
Traumatology, 8, 1992, 45), it is proposed that
regenerative endodontics should be considered for
teeth with incomplete root formation although teeth
with near or complete root formation may be more
suited for conventional endodontic therapy or MTA
barrier techniques. However, much is still not known
about clinical and biological aspects of regenerative
endodontics.

Keywords: current perspectives, future prospec-
tives, immature permanent teeth, regenerative
endodontics, treatment outcomes.
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Introduction

What is regenerative endodontics?

Regenerative endodontics has not only many burning
(Smith & Cooper 2017) but also unanswered

Correspondence: Bill Kahler, The University of Queensland
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Australia (Tel.: +61 7 3003 0311; fax: +61 7 3003 1211;
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questions. The treatments and outcomes of regenera-
tive endodontics are so different from traditional
endodontic therapy; therefore, it has attracted enor-
mous interest and attention in the field of endodontics
in recent years.

Immature permanent teeth with necrotic pulp/api-
cal periodontitis are traditionally treated with apexifi-
cation procedures using calcium hydroxide to induce
apical hard tissue barrier formation or apical MTA
plugs before root canal filling (Frank 1966, Heither-
say 1975, Rafter 2005). The calcium hydroxide

International Endodontic Journal, 51, 1367-1388, 2018
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Treatment Options: Apexogenesis and Apexification

Shabrokb Shababang, DDS, MS, PhD

Ahstract

This article will describe requirements for case selection
and review the procedures for apexogenesis and apexi-
fication in immature permanent teeth. Nonclinical and
clinical data will be presented to support the recommen-
dations, and outcomes will be presented from clinical
studies. The dental pulp is an ectomesenchymally
derived connective tissue with certain unique properties
such as being encased in hard tissues, which limits its
collateral circulation. The pulp provides a matrix for
binding of its cells and provides support allowing
communication between the cells. In addition to
immune cells, the dental pulp contains odontoblasts,
which are specialized cells capable of producing dentin.
In the absence of a vital pulp, dentin deposition is
arrested. When an immature tooth is affected by caries
or trauma, the pulp requires proper management
according to the degree of inflammation and its vitality.
Maintenance of pulp vitality will allow continued root
development along the entire root length. If the pulp
is irreversibly inflamed or necrotic, root-end closure
procedures are required when the apex has not fully
formed. (J Endod 2013;39:526-529)

Key Words
Apexification, apexogenesis,
teeth, treatment

immature  permanent
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Role of the Dental Pulp in Tooth Development

he dental pulp contains immune cells that allow it to mount a response against of-
fending irritants. The pulp also contains odontoblasts, which are specialized to form
dentin. In the absence of a vital pulp, the tooth structure is susceptible to infection, and
dentin deposition is arrested. Maintenance of pulp vitality is imperative in an immature
permanent tooth to allow continued root development. The pulp tissue is removed when
pathologically inflamed or necrotic.
Although studies are underway to develop materials and techniques for pulp
regeneration procedures, the purpose of this review is to provide an overview of apexo-
genesis and apexification in immature permanent teeth with pulpal pathosis.

Apexogenesis or Apexification

Proper assessment of the affected tooth is critical in determining an accurate diag-
nosis and prescribing the appropriate treatment plan. Assessment of pulp vitality will aid
in determining the proper treatment option. If vital and not irreversibly inflamed, main-
tenance of its vitality will allow natural continued root development. Figure 1 presents
a flow chart to facilitate the decision-making process when treating permanent teeth
with incomplete root development.

Assessment of the tooth in question is made by using radiographic evaluation to
determine the maturity of the developing root and clinical evaluation that is based on
history and clinical testing. Obviously immature teeth are frequently associated with
child patients. Pulp testing in children is a complex procedure and subjective in nature.

Maintenance of pulp vitality by using apexogenesis will allow continued root devel-
opment along the entire root length. Depending on the extent of inflammation, pulp
capping, shallow pulpotomy, or conventional pulpotomy may be indicated. The dental
pulp in young patients is more cellular and able to recover from injuries. Cvek et al (1)
demonstrated that in teeth with complex crown fractures, the exposed pulp maintained
its vitality for up to 7 days. In these teeth, only the most superficial 2 mm of the pulp is
inflamed and requires removal.

If pulpal necrosis occurs in immature teeth, an alternative treatment approach
must be used because of the presence of an open apex (2). The young pulpless tooth
frequently has thin, fragile walls, which makes it difficult to adequately clean and to
obtain the necessary apical seal (2). Traditionally, the approach has been to use
calcium hydroxide (CH) to induce apexification after disinfection of the root canals
in the conventional manner (3). Completion of endodontic therapy was typically de-
layed until completion of root-end closure through apexification. Apexification is
defined as “a method of inducing a calcified barrier in a root with an open apex or
the continued apical development of an incompletely formed root in teeth with necrotic
pulp” (4).

The disadvantages of traditional, long-term CH therapy include variability in
treatment time, unpredictability of formation of an apical seal, difficulty in
following up patients, and delayed treatment. An alternative to CH therapy is
placement of an apical plug. Several investigators have demonstrated the
use of dentin apical plugs in nonsurgical root canal therapy of mature teeth
(5-9). Mineral trioxide aggregate (MTA) is a material that may be best suited
as an apical plug. In 1999, Shabahang et al (10) showed consistent barrier
formation when MTA was used as an apical plug in an in vivo dog model
with open apices. Several studies have confirmed successful clinical outcomes
including healing of existing periapical lesions in majority of immature teeth
that were treated with an MTA apical plug (11, 12).

JOE — Volume 39, Number 3S, March 2013

59



11.

Mineral trioxide aggregate pulpotomies

A case series outcomes assessment

David E. Witherspoon, BDSc, MS; Joel €. Small, DDS; Gary Z. Harris, DDS

raumatic injuries and
dental caries are the
greatest challenges to
the integrity of the devel-
oping tooth. Both can
cause the dental pulp to undergo
irreversible damage, causing
necrosis of the pulpal tissues, which
can result in the arrest of normal
root development. Abnormal root
development will have an impact on
the long-term prognosis for tooth
retention. * The primary goal of
treatment, therefore, should be to
maintain pulp vitality so that
normal root development can occur.
By maintaining pulp vitality, apexo-
genesis can occur.”” This is the pre-
ferred treatment because it pro-
motes healing by regeneration
rather than repair. Pulpotomy
involves the surgical removal of a
portion of an affected vital coronal
pulp tissue, while the clinician
leaves the radicular tissue in situ to
allow for normal root development.

PULPOTOMIES: A REVIEW
THE LITERATURE

Several materials have been advo-
cated to induce normal root develop-
ment.”"’ To date, the material of
choice has been calcium
hydroxide." In the past decade, an
alternative material called mineral
trioxide aggregate (MTA) became
available for use in pulpal pro-
cedures. Clinicians should evaluate

Background. The greatest threats to developing teeth are dental
caries and traumatic injury. A primary goal of all restorative trestment =
to maintain pulp vitality so that normal reot development or apexogen-
esis can occur. If pulpal exposure occurs, then a pulpotomy procedurs
aims to preserve pulp vitality to allow for normal root development. His-
torically, calcium hydroxide has been the material of chetes for pulpetomy
procedures. Recently, an alternative material called mineral trioxide
aggregate (MTA) has demonstrated the ability to induce hard-tssue
formation in pulpal tissue. The authors deseribe the dinical and rad:-
ographic outeome of a sertes of cases involving the use of MTA in
pulpotomy procedures.

Methods. Twenty-three cases in 18 patients were treated with MTA
pulpotomy procedures in an endedontic private practice. All of the
patients had been referred to the practice for diagnosis and treatment of
a symptomatic teoth. All of the authors provided treatment. Pulpal expo-
sures were either due to caries or complicated enamel dentin fractures.
Results. Nineteen teeth in 14 patients were available for recall. The
mean tirme of recall was 19.7 months. Of the 19 cases, 15 involved healed
teeth, and three involved teeth that were healing. One of 19 cases
invelved a teoth with persistent disease.
Conclusions. MTA may be useful as & substitute for caloum
hydroxide in pulpotomy procedures. Further research however, is
required to clarify this conclusion.

Clinical Implications. MTA concetvably could replace calaum
hydroxide as the material of choice for pulpotomy procedures, if future
research continues to show promising results.

Key Words. Pulpotomy; mineral trioxide aggregate; apexogenssis.
JADA 2006137 610-8.
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Regenerative endodontics

A way forward

Anibal Diogenes, DDS, MS, PhD; Nikita B. Ruparel, DDS, MS,
PhD; Yoav Shiloah, DDS, MBA; Kenneth M. Hargreaves,
DDS, PhD

mmature teeth are at risk of developing pulpal ne-

crosis due to trauma, caries, and anatomic variations

such as dens evaginatus and dens invaginatus.™

Dental trauma occurs with an incidence that varies
from 2.6% to 35% in patients undergoing cranioskeletal
development.”” Up to one-half of these traumatized
teeth may undergo pulpal necrosis, but only 8.5% will
exhibit signs and symptoms of disease.” Dental anoma-
lies also represent a common etiology leading to pulpal
necrosis in immature permanent teeth.* Dens evaginatus
and dens invaginatus are the most common anomalies
associated with this clinical manifestation.* Full radicular
maturation occurs up to 3 years after the eruption of a
tooth in the oral cavity,” and the loss of pulp vitality
during this period arrests further root development.
These teeth traditionally have been treated with apexifi-
cation procedures by using either long-term calcium
hydroxide treatment'”" or immediate placement of a
mineral trioxide aggregate (MTA) apical plug.”
Although these treatments often result in the resolution
of signs and symptoms of disease, they provide little
to no benefit in restoring normal pulpal defenses and
nociception and, more importantly, continued root
development.” Thus, immature teeth remain with thin
fragile dentinal walls, increasing susceptibility to frac-
tures and lower survival rates."*"

Tooth loss in patients still undergoing cranioskeletal

development has devastating consequences that include
altered maxillary and mandibular bone development;

Copyright © 2016 American Dental Association. All rights reserved.
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ABSTRACT

Background and Overview. Immature teeth are sus-
ceptible to infections due to trauma, anatomic anomalies,
and caries. Traditional endodontic therapies for immature
teeth, such as apexification procedures, promote resolution
of the disease and prevent future infections. However, these
procedures fail to promote continued root development,
leaving teeth susceptible to fractures. Regenerative end-
odontic procedures (REPs) have evolved in the past decade,
being incorporated into endodontic practice and becoming
a viable treatment alternative for immature teeth. The au-
thors have summarized the status of regenerative end-
odontics on the basis of the available published studies and
provide insight into the different levels of clinical outcomes
expected from these procedures.
Conclusions. Substantial advances in regenerative end-
odontics are allowing a better understanding of a multitude
of factors that govern stem cell-mediated regeneration and
repair of the damaged pulp-dentin complex. REPs promote
healing of apical periodontitis, continued radiographic root
development, and, in certain cases, vitality responses.
Despite the clinical success of these procedures, they appear
to promote a guided endodontic repair process rather than
a true regeneration of physiological-like tissue.
Practical Implications. Immature teeth with pulpal
necrosis with otherwise poor prognosis can be treated with
REPs. These procedures do not preclude the possibility of
apexification procedures if attempts are unsuccessful.
Therefore, REPs may be considered first treatment options
for immature teeth with pulpal necrosis.
Key Words. Guided tissue regeneration; revasculariza-
tion; endodontic therapy; stem cells; outcome assessment;
regenerative endodontics.
JADA 2016:147(5):372-380
http://dx.doi.org/10.1016/j.adaj.2016.01.009
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Clinical procedures for revitalization: current
knowledge and considerations

K. M. Galler
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Abstract

Galler KM. Clinical procedures for revitalization: current
knowledge and considerations. International Endodontic

Journal.

Revitalization or regenerative treatment approaches
in teeth with incomplete root formation and pulp
necrosis have become part of the therapeutic
endodontic spectrum and should be considered as an
alternative to conventional apexification. Ideally,
regenerative endodontic procedures allow not only
for a resolution of pain, inflammation and periapical
lesions, but also for the formation of an immuno-
competent tissue inside the root canal which can
reconstitute the original biological structure and
function of dental pulp and thus lead to an increase
in root length, and thickness and strength of previ-
ously thin, fracture-prone dentine walls. Common
features of regenerative procedures performed in
immature teeth with pulp necrosis include (i) mini-
mal or no instrumentation of the dentinal walls, (ii)
disinfection with irrigants, (iii) application of an

intracanal medicament, (iv) provocation of bleeding
into the canal and creation of a blood clot, (v) cap-
ping with calcium silicate, and (vi) coronal seal.
Although case reports and case series provide
promising results, the protocol for regenerative
endodontic treatment is not fully established; ques-
tions remain regarding the terminology, patient
selection and informed consent as well as procedural
details, especially on the choice of irrigants, intra-
canal medicaments and materials for cavity sealing.
Animal studies document repair rather than regener-
ation, which opens the discussion on prognosis and
outcome, especially the biological versus the patient-
based outcome. This review will provide an overview
of the current state of regenerative endodontic thera-
pies, discuss open questions and provide recommen-
dations based on the recent literature.

Keywords: dental pulp stem cells, pulp regenera-
tion, regenerative endodontics, revascularization, revi-
talization.
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Introduction

The pulp—dentine complex and conventional root
canal treatment

Although rather small, teeth are complex organs

comprising several mineralized matrices, which
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9446025; e-mail: kerstin.galler@ukr.de).
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enclose a soft tissue termed the dental pulp. A healthy
dental pulp fulfils a number of different tasks, namely
formation of dentine, perception of pain and transmis-
sion of sensory stimuli from the pulp-dentine complex
(Magloire et al. 2010), immunoresponse and cellular
clearance of pathogens as well as formation of dentine
as active defence mechanisms against invading toxins
and bacteria (Bjorndal 2008, Staquet et al. 2011). In
young patients, a functional pulp tissue is essential
for the completion of root formation (Mohammadi
2011). Irritation caused by caries or trauma induces
an inflammatory tissue response termed pulpitis.
Initially, this inflammatory reaction may be fully
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INVITED REVIEW

AREVIEW OF REGENERATIVE ENDODONTICS: CURRENT PROTOCOLS
AND FUTURE DIRECTIONS

Rejeneratif Endodonti Uzerine Bir Derleme: Giincel Protokoller ve Gelecege Yonelik
Oneriler

Louis M. LIN ', Bill KAHLER *
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ABSTRACT

This review outlines the biological basis and clinical
protocols currently used in regenerative endodontic
procedures (REPs) and discuss future directions in pulp
regeneration approaches. The treatment of immature teeth
with REPs has been described as a ‘paradigm shift’ as
there is the potential for further root maturation. Clinically,
REPs involve disinfection of the root canal system without
damaging the endogenous stem cell potential present in
the apical papilla and other tissues. These stems cells are
introduced into the root canal space by inducing a blood
clot followed by placement of an intracanal barrier to
prevent microleakage. The biological concept of REPs
involves the triad of stem cells, scaffold and signalling
molecules. Currently, repair rather than true regeneration
of the ‘pulp-dentine complex’is achieved and further root
maturation is variable. However, may clinicians consider
the treatment of teeth with REPs as the optimal treatment
approach for immature teeth with pulp necrosis.

Keywords: Regenerative endodontic protocols;
immature teeth; pulp necrosis; root maturation, triple
antibiotic paste, calcium hydroxide

0z

Bu derlemede rejeneratif endodontik tedavinin biyolojik
temelleri ve giincel klinik protokolleri anlatilmakta ve pulpa
rejenerasyonu yaklagimlarinin gelecegi tartisilmaktadir.
Kok ucu kapanmamus dislerin rejeneratif endodontik
tedavi ile kok gelisiminin devam etme potansiyeli koklii
bir degisim yaratmistir. Klinik olarak rejeneratif endodontik
tedavi apikal papilla ve diger dokularda bulunan endojen
kok hiicrelere zarar vermeden kék kanali sisteminin
dezenfeksiyonunu icerir. Bu kok hiicrelerin kan pihtist
olusturulmasi ile kok kanali i¢ine tasinmasini takiben
mikrosizintiyr 6nleme amaciyla kanal igine bariyer
malzemesi yerlestirilir. Rejeneratif endodontik tedavinin
biyolojik prensibi kék hiicreler, doku iskeleleri ve sinyal
molekiilleri triadindan olusur. Giiniimiizde, “pulpa-dentin
kompleksi” nin gergek rejenerasyonundan ziyade tamir
gergeklesmektedir ve kok geligiminin tamamlanmasi
ise degiskenlik gostermektedir. Ancak, bir¢ok klinisyen
pulpasi nekroze kok gelisimi tamamlanmams dislerde
en uygun tedavinin rejeneratif endodontik yaklasimlarla
saglanabilecegini diisiinmektedir.

Anahtar kelimeler: Rejeneratif endodontik tedavi
protokolleri; kok gelisimi tamamlanmamus disler; pulpa
nekrozu; kok gelisimi; ii¢lii antibiyotik pat; kalsiyum
hidroksit
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Abstract — The objective of the present study was to test the hypothesis that the
fracture strength of calcium hydroxide and mineral trioxide aggregate (MTA)-
filled immature teeth decreased over time. Immature mandibular incisors from
sheep were extracted and the pulps were extirpated using an apical approach
with a barbed broach, and the teeth were divided into three experimental groups.
Group 1: untreated teeth. Group 2: the root canals were filled with calcium
hydroxide paste. Group 3: the root canals were filled with MTA. All specimens
were kept in saline with 1% antibiotics at 4°C for certain periods of time:

2 weeks, 2 months, and 1 year. Then they were tested for fracture strength in an
Instron testing machine. The results were subjected to statistical analysis by the
Tukey—Kramer tests. A P-value (<0.05) was considered statistically significant.
One tooth from each group was selected randomly for a histological study,
examining matrix metalloproteinases (MMP2 and MMP14) and tissue inhibitor
of metalloproteinase (TIMP). The results showed the mean fracture strengths
decreased over time for all the three groups. Although the untreated teeth
showed the highest value (45.5 MPa) at 2 weeks, the fracture strengths
decreased significantly after 2 months (P < 0.05). On the other hand, the teeth
treated with calcium hydroxide or MTA decreased, but not significantly over
time (P > 0.05). For the MTA-treated teeth, the fracture strengths were not
found significantly different from the untreated or calcium hydroxide-treated
teeth at 2 weeks or 2 months (P > 0.05). However, the strength was signif-
icantly higher in the MTA group compared with the other two groups after

1 year (P < 0.05). Immunofluorescence images revealed expression of collagen
type 1, MMP-2 and MMP-14 in both untreated and endodontically treated
teeth. However, TIMP-2 was only observed in the MTA-treated teeth. In
conclusion, the teeth with root treatment with MTA showed the highest fracture
resistance at 1 year (P < 0.05). An explanation could be that MTA induced the
expression of TIMP-2 in the dentin matrix and thereby possibly prevented
destruction of the collagen matrix.

One of the challenges in dentistry is the treatment of
immature, pulpless, permanent teeth that are candidates
for endodontics. The introduction of apexification by the
use of calcium hydroxide was pioneered by Heithersay
(1) and Frank (2). This treatment gave adequate apical
healing because of its antibacterial capability caused by a
high pH and the ability to induce remineralization in
periapical tissues (3, 4). However, it was reported that
the fracture strength of calcium hydroxide-filled imma-
ture teeth decreased over time presumably because of
changes in the organic matrix of dentin (5).

Mineral trioxide aggregate (MTA), a relatively new
material currently being used in pulp therapy (6), is made
primarily of fine hydrophilic particles of tricalcium
aluminate, tricalcium silicate, silicate oxide, and trical-
cium oxide (6-8). The initial pH of MTA when hydrated
is 10.2 and the set pH is 12.5, which is comparable with
that of calcium hydroxide. The material has been shown
to have excellent biocompatibility (6, 9), antimicrobial

properties (8), low cytotoxicity (7, 10), and low micro-
leakage (11). However, recent study also indicated that
root dentin was weakened after exposure to calcium
hydroxide and MTA in 5 weeks (12).

The mechanical properties of dentin are fundamen-
tally determined by dentin matrix, which is mostly
composed of collagen type I (13, 14). Matrix metallo-
proteinase (MMP)-2, 14 and membrane type 1 (MT1) are
found to play an important role during the degradation
of collagen matrix of dentin (15-17). On the other hand,
the tissue inhibitor of metalloproteinase (TIMP) inhibit
active forms of MMPs, especially TIMP-2 inhibits
MMP-2 (18). It is speculated that both calcium hydrox-
ide and MTA in the root canal of dentin may affect the
activities of MMPs or TIMP-2, thus influence the
mechanical properties of dentin. As there is limited
information in the dental literature concerning the long-
term effect of either calcium hydroxide or MTA as root
end-filling materials on the fracture strength of immature

272 © 2008 The Authors. Journal compilation © 2008 Blackwell Munksgaard
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THE ROLE OF THE BLOOD CLOT IN ENDODONTIC
THERAPY

AN EXPERIMENTAL HISTOLOGIC STUDY

by

B. Nycaarp Ostry

INTRODUCTION

In general pathology and in surgery the significance of blood
and the blood clot has been recognized (Lorin-Epstein 1927, Fran-
kel 1929, 1931, and 1932, Carrel 1930, and Allgéwer 1949). In the
healing of bone fracturves the blood clot is considered an ex-
tremely important factor (Weinmann & Sicher 1955, and Acker-
man 1959). Therefore, it seems strange that in endodontic treat-
ment bleeding is more or less looked upon as a complication to be
feared. The writer, for one, has earlier (1958) maintained that a
root {illing should never be carried out if there are signs of even
a slight bleeding in the canal.

However, in an experimental study on the effect of EDTA (Ny-
gaard Ostby 1957) a case was observed, which suggested that this
concept needed re-evaluation.

It was decided to study how the periodontal tissue would react
if the entire pulp was removed from the main canal and the
apical part subsequently allowed to fill with blood. The aim was
primarily to seeif the results would have any significance in
clinical endodontics. At the same time one might expect that an
experimental series planned in this way would reveal details of
general interest with regard to the organization of a blood clot.
When the latter has connection with live tissue at a small well
defined border only, it should offer possibilities for a histologic
study of the dynamics of the organization processes. Finally, the
purpose of the investigations was to test the effect of EDTAC on
the periapical tissues.
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Revascularization of Immature Permanent Teeth
With Apical Periodontitis: New Treatment Protocol?

Francisco Banchs, DDS, MS, and Martin Trope, DMD

A new technique is presented to revascularize im-
mature permanent teeth with apical periodontitis.
The canal is disinfected with copious irrigation and
a combination of three antibiotics. After the disin-
fection protocol is complete, the apex is mechan-
ically irritated to initiate bleeding into the canal to
produce a blood clot to the level of the cemento-
enamel junction. The double seal of the coronal
access is then made. In this case, the combination
of a disinfected canal, a matrix into which new
tissue could grow, and an effective coronal seal
appears to have produced the environment neces-
sary for successful revascularization.

Regeneration of a necrotic pulp is considered possible only after
avulsion of an immature permanent tooth. The advantages of pulp
revascularization lie in the possibility of further root development
and reinforcement of dentinal walls by deposition of hard tissue,
thus strengthening the root against fracture. After reimplantation of
an avulsed immature tooth, a unique set of circumstances exists
that allows regeneration to take place. The young tooth has an open
apex and is short, which allows new tissue to grow into the pulp
space relatively quickly. The pulp is necrotic but usually not
infected, so it will act as a matrix into which the tissue can grow.
It has been experimentally shown that the apical part of a pulp may
remain vital and, after reimplantation, may proliferate coronally,
replacing the necrotized portion of the pulp (1-3). In addition, the
fact that, in most cases, the crown of the tooth is intact ensures that
bacterial penetration into the pulp space through cracks (4) and
defects will be a slow process. Thus, the race between the new
tissue and infection of the pulp space favors the new tissue.

The notion that successful regeneration depends on a race be-
tween the new tissue and bacteria populating the pulp space is
strengthened by the fact that the incidence of revascularization is
enhanced if the apex shows radiographic opening of more than 1.1
mm (5) and the tooth is replanted within 45 min (thus increasing
the chances for revascularization by 18%) (5). The incidence can
be significantly improved if the tooth is soaked in doxycycline (6,
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7) or minocycline (8) before replantation, therefore ensuring that
bacteria on the root surface and apical foramen are killed and no
new bacteria are able to move through the blood clot in the socket.

Regeneration of pulp tissue in a necrotic infected tooth with
apical periodontitis has been thought impossible. However, if it
were possible to create a similar environment as described here for
the avulsed tooth, regeneration should occur. Thus, if the canal
were effectively disinfected, a matrix into which new tissue could
grow were created, and the coronal access were effectively sealed,
regeneration should occur as in an avulsed immature tooth.

This case report describes the treatment of an immature second
lower right premolar with radiographic and clinical signs of apical
periodontitis with the presence of a sinus tract. The canal was
disinfected without mechanical instrumentation with the use of
copious irrigation followed by a mixture of antibiotics. A blood
clot was then produced to the level of the cementoenamel junction
(CEJ), followed by a deep coronal restoration. With clinical and
radiographic evidence of healing as early as 22 days, the large
radiolucency had disappeared within 2 months, and at the 24-
month recall, it was obvious that the root walls were thick and the
development of the root apical to the restoration was similar to that
of the adjacent and contralateral teeth.

CASE REPORTS

An 11-year-old boy of Japanese descent was referred to the
endodontic clinic of the University of North Carolina by the
pediatric dentistry department for evaluation on the lower right
second premolar. The child had a lingual swelling of the right
mandibular area 1 month previously with reported slight discom-
fort. On clinical examination, the patient was asymptomatic, and
the tooth appeared intact, without caries (Fig. 1). The presence of
occlusal tubercles on the other mandibular premolars suggested
that one may have been present on this tooth, which was fractured
during function, resulting in a microexposure and necrosis of the
pulp. The tooth had an open apex associated with a large radiolu-
cency (Fig. 2), and a lingual sinus tract was present that traced to
the apex of the tooth (Fig. 3). Periodontal probings were within
normal limits for all teeth in the lower right region. Diagnostic
testing was inconclusive on cold and electric pulp testing, with
sensitivity on percussion and palpation. Because of the presence of
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Abstract

The pulp is a highly vascularized tissue situated in an inextensible environment surrounded by rigid dentin walls, with the apical foramina
being the only access. The pulp vascular system is not only responsible for nutrient supply and waste removal but also contributes actively
to the pulp inflammatory response and subsequent regeneration. This review discusses the underlying mechanisms of pulp vascularization
during tooth development, regeneration, and therapeutic procedures, such as tissue engineering and tooth transplantation. Whereas the
pulp vascular system is established by vasculogenesis during embryonic development, sprouting angiogenesis is the predominant process
during regeneration and therapeutic processes. Hypoxia can be considered a common driving force. Dental pulp cells under hypoxic
stress release proangiogenic factors, with vascular endothelial growth factor being one of the most potent. The benefit of exogenous
vascular endothelial growth factor application in tissue engineering has been well demonstrated. Interestingly, dental pulp stem cells
have an important role in pulp revascularization. Indeed, recent studies show that dental pulp stem cell secretome possesses angiogenic
potential that actively contributes to the angiogenic process by guiding endothelial cells and even by differentiating themselves into the
endothelial lineage. Although considerable insight has been obtained in the processes underlying pulp vascularization, many questions
remain relating to the signaling pathways, timing, and influence of various stress conditions.

Keywords: angiogenesis, stem cell(s), pulp biology, tooth regeneration/transplantation, tissue engineering, vascular biology

Introduction mesoderm-derived endothelial cell precursors invaded the
developing papilla during the early bell stage, where they
aggregate to form vascular structures. This invasion coincided
with dental papilla size exceeding 200 pm (Rothova et al.
2011). It is known that oxygen diffusion through tissues is lim-
ited to 100 to 200 pm and that a vascular network is required to
ensure all cells to be within this distance (Hoeben et al. 2004).
Interestingly, the vascularization during entire tooth engineer-
ing procedures resembles what happens in vivo during tooth
development (Fig. 2). Mesenchymal- and epithelial-derived
stem cells cultured in vitro in a collagen gel allowed the forma-
tion of a tooth germ—like construct, similar to the bud and cap
stage (Oshima et al. 2011). When this construct grows and
exceeds 200 um in size, vascularization becomes essential for
its survival. To this end, the construct has to be implanted in vivo
given that the in vitro culture lacks the necessary vascular sup-
ply. This step recalls the early bell stage—with the difference

The vasculature is the earliest functional organ system of the
human body (Udan et al. 2012) and is formed by vasculogen-
esis during embryonic development (Fig. 1A-D). Endothelial
cells derived from the mesoderm aggregate and form vascular
structures that are completed with a basement membrane and
supporting cells, such as pericytes and vascular smooth muscle
cells. At later developmental stages and in adult life, new blood
vessels are mainly formed by angiogenesis, which is the
sprouting of new vessels from existing ones (Fig. 1E-G). Both
processes are controlled by angiogenic growth factors (Grant
and Janigro 2006).

A well-functioning vascular system is vital, as it ensures gas
exchange, nutrient supply, and waste removal for all organs,
including the tooth. The tooth pulp tissue is highly vascular-
ized and situated in an inextensible environment surrounded by
rigid dentin walls with the apical foramina being the only
access (Vongsavan and Matthews 1992). This renders unique
properties to the pulp vasculature, which have been described
previously (About 2014).
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Abstract

Dental trauma occurs frequently in children and often
can lead to pulpal necrosis. The occurrence of pulpal
necrosis in the permanent but immature tooth repre-
sents a challenging clinical situation because the thin
and often short roots increase the risk of subsequent
fracture. Current approaches for treating the trauma-
tized immature tooth with pulpal necrosis do not reliably
achieve the desired clinical outcomes, consisting of heal-
ing of apical periodontitis, promotion of continued root
development, and restoration of the functional compe-
tence of pulpal tissue. An optimal approach for treating
the immature permanent tooth with a necrotic pulp
would be to regenerate functional pulpal tissue. This
review summarizes the current literature supporting
a biological rationale for considering regenerative
endodontic treatment procedures in treating the imma-
ture permanent tooth with pulp necrosis. (J Endod
2013;39:530-543)

Key Words
Children,  pulpal  revascularization,
endodontics, stem cells, trauma
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his Symposium includes a number of papers focused on diagnosis, prognosis, and

treatment of the traumatized tooth. Here we provide a biological rationale for consid-
ering regenerative endodontic treatment procedures. A companion paper in this
Symposium discusses considerations for the clinical protocol of a regenerative
endodontic procedure (1).

Dental trauma occurs frequently in children and often can lead to pulpal necrosis.
Population-based studies from around the world indicate that the prevalence of dental
trauma injuries is about 4%—59%, with the majority of cases occurring in incisors (2).
The broad range in estimated prevalence rates may be due in part to differences in
sampling methods or study populations. In one study of 262 Swiss children aged 6-18
years, the prevalence of dental trauma was nearly 11%, and about 12% of enamel-
dentin fractures led to pulpal necrosis (3). In another study of 889 permanent teeth
with traumatic injuries, pulpal necrosis occurred in about 27% of the sampled population
(4). The risk of developing pulpal necrosis is well recognized to be dependent on the type
of dental trauma. In an analysis of 10,673 permanent teeth seen at a tertiary care center,
pulpal necrosis was estimated to range from 0% (infraction), to 3% (concussion), to 26%
(extrusion), to 58% (lateral luxation), to 92% (avulsion), to 94% (intrusion) (5).

The occurrence of pulpal necrosis in the permanent but immature tooth often
represents a challenging clinical situation because the thin and often short roots increase
the risk of subsequent fracture; indeed, overall survival of the replanted permanent teeth
has been reported to range from 39%—89% (6). In treating the immature tooth with
pulpal necrosis, the ideal clinical outcomes would be to prevent or heal the occurrence
of apical periodontitis, promote continued root development, and restore the functional
competence of pulpal tissue, particularly from both immunologic and sensory perspec-
tives (7). These outcomes would very likely increase the long-term probability of retain-
ing the natural dentition. Unfortunately, alternative procedures (eg, implants) are often
contraindicated because of the still growing craniofacial skeleton in these young patients.

Treating the Inmature Necrotic Tooth
by Revascularization or Apexification
Current approaches (eg, replantation) for treating the traumatized immature tooth
with pulpal necrosis do not reliably achieve healing of apical periodontitis, continued
root development, and reestablishment of pulpal immunologic and sensorial compe-
tency. In one study, only 34% of replanted immature permanent teeth (32 of 94) ex-
hibited pulpal healing (6). Another study reported an 8% revascularization rate (13
of 154) in replanted teeth, with this outcome defined as continued root development
and an absence of radiographic signs of apical periodontitis or root resorption (8).
These values are similar to a reported range of pulpal healing of about 4%—15% in
a series of 470 replanted teeth reported by various authors (6). Importantly, the diam-
eter of the apical opening (=1 mm), extraoral time (<45 minutes), and the arch
(mandibular) were all significant predictors for improved revascularization of
replanted avulsed teeth (8). Thus, the classic revascularization procedure of simply
replanting an avulsed permanent tooth does not reliably achieve the goals of preventing
apical periodontitis, triggering continued root development, and restoring functional
competence of the pulp tissue.
An alternative approach for treating the immature permanent tooth is apexification
procedures. The classic apexification method involves long-term application of
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Abstract

Introduction: Recent reviews lament the lack of evi-
dence on the efficacy of regenerative procedures to induce
further root maturation despite claims of a paradigm shift
in the way infected, necroticimmature teeth with arrested
root development can be endodontically treated. The
majority of reports are either case series or successful
case reports where nonstandardized images may make
interpretation uncertain. Methods: This prospective clin-
ical study reports on preliminary outcomes of regenera-
tive endodontic procedures carried out on 16 teeth,
3 mandibular premolars and 13 traumatized central inci-
sors, after 18-month reviews. Qualitative analysis of res-
olution of periapical radiolucencies and apical closure
was undertaken. Quantitative analysis compared preop-
erative and recall radiographs by using a geometrical im-
aging program that calculated percentage changes in root
length and dentin wall thickness. Results: Qualitative
assessment showed 90.3% resolution of the periapical
radiolucency. Apical closure was assessed as incomplete
in 47.2% and complete apical closure in 19.4% of cases.
Quantitative assessment showed change in root length
varying from —2.7% to 25.3% and change for root dentin
thickness of —1.9% to 72.6%. Conclusions: Patterns of
continued root maturogenesis were variable at 18-month
review. Reviews at 36 months showed continued root
maturogenesis for 2 cases. Quantitative analysis can con-
trol for changes in angulation but may introduce other
measurement errors. However, not all anterior teeth
were suitable for TurboReg assessment because overlap-
ping of the cementoenamel junctions and/or further erup-
tion of teeth often precluded stable landmark positioning.
Discoloration of the crown was a common consequence,
with unaesthetic results in 10 of the 16 cases. (J Endod
2014;40:333-338)

Key Words
Regenerative endodontics, revascularization, traumatized
teeth, tri-antibiotic paste, TurboReg

he promise and potential of regenerative endodontic therapies in necrotic teeth were

first explored by Nygaard-@stby (1) in 1961 with limited success. During the last
decade there has been renewed interest in regenerative endodontic procedures, which
have been defined as “biologically based procedures designed to predictably replace
damaged, diseased or missing structures, including dentine and root structures as
well as cells of the pulp-dentine complex, with live viable tissues, preferably of the
same origin, that restore the normal physiologic functions of the pulp dentine complex”
(2,3).

Numerous case reports have outlined successful outcomes when regenerative
endodontic procedures have been used for the treatment of infected immature teeth
(4-13). It has been reported that this treatment regime can result in apexogenesis,
which is continued root maturation with closure of open apices, an increase in root
length, and thickening of lateral dentin on root walls (14). Understandably, descrip-
tions of these new techniques have created some excitement in the profession. A num-
ber of reviews have described this as a “paradigm shift for the treatment of immature
permanent teeth” and as being the way of the future, going from traditional barrier
formation approaches of calcium hydroxide and mineral trioxide aggregate (MTA)
apexification to biologically based treatment protocols (15, 16). Therefore, it is
surprising that 2 recent reviews are more circumspect in their recommendations for
regenerative endodontic procedures (3, 17). A recent invited review in Dental
Traumatology stated that “because of the lack of long-term evidence to support the
use of endodontic regenerative procedures in traumatised teeth with open apices, revas-
cularization regeneration procedures should only be attempted if the tooth is not suit-
able for root canal obturation, and after apexogenesis, apexification or partial
pulpotomy treatments have already been attempted and have a poor prognosis” (3).
Interestingly, the authors of that review have previously seemed to be avid proponents
for regenerative techniques (2). The other recent review in the Journal of Endodontics
states that “the outcome of revascularization procedures remains somewhat unpredict-
able and the clinical management of these teeth is challenging, when successful, they are
an improvement to treatment protocols that leave the roots short and the walls of the
root canal thin and prone to fracture” (17).

One identified drawback has been a lack of available evidence on outcomes (2).
Although many case reports and some case series report favorable outcomes, these re-
ports have to be considered a low level of evidence, particularly because one of the ma-
jor problems with the interpretation of case reports is that often only successful
individual outcomes are presented. Many of these reports also only describe outcomes
limited to premolar teeth (4, 6, 8, 9, 11, 12). To date, there appears to be only one
prospective pilot clinical study in the literature that examines outcomes for anterior
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Case Report

Revitalization of an Immature Permanent
Mandibular Molar with a Necrotic Pulp

Using Platelet-Rich Fibrin: A Case Report

ABSTRACT

DAYALAN SUBASH!, KRISHNAMMA SHOBA?, SHIBU AMAN?, SRINIVASAN KUMAR INDU BHARKAVI*

Any insult to the pulp during its development causes cessation of dentin formation and root growth. Pulpal status and degree of root
development are the decisive factors in the treatment approach. Various treatment options have been tried like surgery with root-end
sealing, calcium hydroxide—apexification, placement of apical plug and regenerative endodontic procedures to induce apexogenesis. An
ideal scenario for a necrosed tooth with immature root would be continued root development coupled with regeneration of pulp tissue.
We report a case, where revitalization was done using Platelet-Rich Fibrin (PRF) as a scaffold in immature mandibular molar tooth.

Keywords: Biodentine, Biomimetic, Open apex, Regenerative endodontics, Revascularisation

CASE REPORT

A 13-year-old male reported with a chief compliant of pain in the left
posterior tooth region reported to the Department of Conservative
Dentistry and Endodontics. The pain was intermittent, dull in nature
for the past one month. History revealed that the pain started three
months previously, which was continuous in nature for which he
underwent treatment elsewhere, but did not complete it. There
was no relevant medical history. Clinical examination revealed a
temporary restoration in the second left mandibular molar (tooth#
37). The tooth was sensitive to both percussion and palpation tests.
It did not respond to cold (Endo Ice, Coltene Whaledent, Ohio,
USA) and Electric Pulp Tester (EPT). The contralateral tooth was
negative to percussion and palpation tests and responded positively
to cold and EPT. Periodontal probing depths were within normal
limits. Radiographic examination revealed incomplete endodontic
treatment with immature root and wide open apex in tooth #37
[Table/Fig-1a], periapical radiolucencies were also noted around
the apices. On the basis of clinical and radiographic findings, a
diagnosis of necrotic pulp and periapical diagnosis of symptomatic
apical periodontitis were confirmed. So, a regenerative endodontic
procedure was planned with the aid of Platelet-Rich Fibrin (PRF).
An informed consent was obtained from parents. Local anesthesia
(2% lidocaine with 1:100,000 epinephrine) was administered.
Rubber dam was applied and temporary restoration removed on
tooth #37. Three canals were negotiated (mesio-buccal, mesio-
lingual and distal). Working length was determined radiographically.
Cleaning and shaping was performed in the mesial canals up to
ProTaper F3 file (Dentsply, Pennsilvania, USA), to facilitate PRF
placement. The canal was irrigated with approximately 10ml of
5.25% sodium hypochlorite, then neutralized with saline and
dried with paper points. Triple antibiotic paste was prepared with
mixing equal proportions of ciprofloxacin (Ranbaxy Lab, India),
metronidazole (Unique Pharmaceuticals, Mumbai, India) and

minocycline (Aurobindo, Andhra Pradesh, India) with propylene
glycol into a thick paste. This antibiotic mixture was placed into the
canals using a lentulo spiral up to the canal orifice. A cotton pellet
was placed inside the pulp chamber and access cavity sealed with
Cavit (ESPE, Cergy Pontoise, France).

The patient reported after 21 days without any symptoms. A 10ml
sample of whole blood was drawn from the patient’s right arm.
The blood sample was transferred into a test tube without anti-
coagulant and centrifuged immediately (REMI Model R-8c, India) at
3000rpm for 10 minutes to obtain the PRF. After centrifugation, PRF
was removed from the test tube with the help of sterile tweezers
[Table/Fig-1b]. Jelly-like PRF was converted into membrane in a
modified endodontic file box [Table/Fig-1c]. This fibrin membrane
was fragmented into small pieces with the help of surgical scissors
[Table/Fig-1d]. So, that it can be easily placed inside the canals.
In the mean time, local anaesthesia was given. After rubber dam
isolation, the access cavity was reopened and saline irrigation done
to remove the antibiotic mixture [Table/Fig-2a]. Each canal was dried
with paper points and made ready for the placement of PRF.

The fragmented membrane was placed in the pulp chamber and
pushed apically with the help of endodontic pluggers. This process
was continued until the roof of the pulp chamber was filled with
PRF [Table/Fig-2b]. Biodentine (Septodont, France) was placed
directly over the fibrin clot and the reminder of the cavity was also
restored fully with it [Table/Fig-2c]. During the 15t month follow-up
the Biodentine was partially removed and a composite restoration
placed over it.

The patient was reviewed at 3, 6, 9 and 12 months. The tooth#
37 was asymptomatic and was not sensitive to percussion. On the
9" month review, pulp sensibility tests with cold and EPT, elicited
a positive response which was comparable to the contralateral
molars. Radiographic examination revealed resolution of periapical
lesion, thickening of the dentinal walls, root lengthening with apical
closure showing a continuous lamina dura [Table/Fig-3a,b].

[Table/Fig-1]: a) Pre-operative intra-oral periapical radiograph showing wide root canal with open apex in mandibular molar tooth; b)

and placed on modified endo box for membrane preparation; ¢) Autologous fibrin membrane prepared; d) Fibrin membrane fragmented.
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Pulp revascularization of a severely malformed immature
maxillary canine
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Abstract: Dens invaginatus (DI) is a dental anomaly
exhibiting complex anatomical forms. Because of
this anatomical complexity, immature DI tecth with
necrotic pulp are difficult to treat via apexification, We
used revascularization as an alternative treatment for
# putient with DL An 11-year-old boy visited our clinic
with chief complaints of gingival swelling and pain in
the left maxillary canine, Clinical and radiographic
findings were consistent with a diagnosis of type 111
DI Revasculurization therapy was performed, and a
24-month follow-up examination confirmed healing
of the periapical radiolucency and physiological root
formation. (J Oral Sci 58, 295-298, 2016)

Keywords: revascularization; dens invaginatus;
antibiotics; regenerative endodontic
treatment.

Introduction

Dens mvaginatus (DI) i1s an anomaly that results n
invagination of the enamel organ into the dental papilla
before calcification. Most DI teeth exhibit deepening
and development of a lingual pit. However, the size and
morphology of the invaginated crown varies consider-
ably (1).

A thin or incomplete enamel lining cannot prevent
bacterial penetration of the pulp, and such penetration
can lead to pulp necrosis and apical periodontitis. [n addi-
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tion, infected invaginations can result in necrosis of pulp
tissue before the completion of root development, leaving
the tooth with an open apex. Apexification has been used
to close the open apex of an immature tooth with apical
periodontitis, However, apexification of an immature
invaginated tooth may be complicated by the irregular
shape of the root canal system. The complex anatomy
of DI can compromise instrumentation, disinfection, and
application of calcium hydroxide and mineral trioxide
aggregate (MTA) into the root canal. In some cases, it is
not possible to access the invaginated arca. In addition,
teeth treated with apexification have thin, weak roots,
which are susceptible to fracture. Therefore, treatment
of an immature invaginated tooth with penapical abscess
continues to be a challenge in pediatric dentistry.

Regenerative pulp therapy has recently been recom-
mended as an alternative to apexification, and studies
have reported the clinical success of regenerative pulp
therapy for immature permanent teeth with pulp necrosis
(2). Regenerative pulp therapy is a biologically based
procedure designed to replace damaged structures, such
as dentin and root structures-including the cells of the
pulp-dentin complex. In the revasculanzation protocol,
the infected canal is first disinfected by irrigation and
application of combined antibiotics. Then, bleeding is
induced from the mechanically irmtated apex and scaled
in the root canal to function as a scaffold for continuous
regenerative tissue development (3). This report describes
a case of an immature invaginated maxillary canine in
an 11-year-old boy, which was treated successfully with
regenerative pulp therapy.

Case Report
An ll-year-old boy with unremarkable systemic find-
ings and family history visited our climic with chief
complaints of gingival swelling and pain near the left
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Abstract — Background: Revascularization has been proposed as an
improved alternative treatment for irreversibly damaged pulp of immature
teeth as it has been shown to preserve the potential for continued root
growth in treated teeth. Aim: To review clinical cases of revascularization
in humans to evaluate their utility and reproducibility. Material and meth-
ods: A structured electronic search of scientific articles published between
2001 and 2014 was carried out using the following keywords: ‘pulp revas-
cularization’, ‘pulp revitalization’ and/or ‘immature tooth’. Clinical revas-
cularization cases conducted on human subjects were selected, reviewed
and organized into two charts including patient information, diagnostic
information, treatment and results in follow-up visits. Results: Ninety-
seven of 101 teeth (96.0%) were successfully treated with the revasculariza-
tion technique. The range of technique variations available for irrigation,
disinfection and blood clot induction have a negligible impact on the clini-
cal outcome variables tested in our analysis. During the follow-up visits,
apical closure was detected in fewer cases (55.4%) as compared to the
other apexogenesis phenomena (increased root length, 76.2%; increased
root width, 79.2%). Conclusions: The review shows that the revasculariza-
tion technique showed marked increase in the root length, width and apical
closure in the cases that were reported independently of clinical variables
such as operator and material selection and individual differences in proto-
cols.

Root development of permanent teeth is not normally
complete until 1-4 years following their eruption in the
mouth (1). If during this period, in which teeth are
considered to be immature, the pulp is irreversibly
damaged due to caries or trauma, their root develop-
ment will be arrested, resulting in teeth with open
apices, thin dentinal walls and inappropriate crown—
root ratio. This will result in fragile teeth, sensitive to
external forces and prone to cervical fracture (2-19).
Treatment of immature permanent teeth with irre-
versibly damaged pulp is often technically complex.
Conventional endodontic treatment has always been
indicated as the recommended therapeutic strategy for
mature permanent teeth with irreversibly damaged pulp
with high success rate (78-98%) (19-25). However, it
has traditionally been difficult to achieve in immature
teeth due to the absence of apical constriction. This
may lead to the extrusion of gutta-percha, and the
dentinal walls may become even more fragile during
the shaping of the root canal (2, 4-18, 26).
Apexification is the recommended endodontic proce-
dure for these cases. It requires the intracanal place-
ment of either calcium hydroxide ([Ca(OH),], over a
long period of time in order to induce apical barrier
formation), or mineral trioxide aggregate [(MTA),

© 2015 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd
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directly as the apical barrier]. Studies have shown that
the barrier formed by Ca(OH), is ‘porous and inconsis-
tent’ and requires many clinical sessions to create it
and that MTA is difficult to manipulate and is costly
(52). Tt should also be noted that apexification with Ca
(OH), or MTA prevents the problem of extrusion of
gutta-percha, whilst thin dentinal walls remain an issue.
Thus, treated teeth continue to be prone to fractures
(2, 4-19, 25, 27-33).

Recently, revascularization has been proposed as an
improved alternative treatment for irreversibly damaged
pulp of immature teeth as it has been shown to preserve
the potential for continued root growth in treated teeth
(5, 6, 24, 33-35). The root canal is cleaned and disin-
fected by irrigation with sodium hypochlorite and/or
chlorhexidine. The second step included the placement
of disinfectant paste [Ca(OH), or triple antibiotic paste
(TAP)], followed by sealing the tooth crown. In the fol-
low-up appointment, the tooth is reopened and canal
over-instrumentation with a k-file is carried out to pro-
voke bleeding from the periapical region. This causes
blood cells to be trapped in clot, followed by the induc-
tion of angiogenesis and new pulp-like tissue formation
(Fig. 1) (4, 7-19, 26-32). MTA is placed over the clot
and the tooth is permanently restored.
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A Triple Blind Randomized Clinical Trial

ABSTRACT

Introduction: Treatment of a tooth with necrotic pulp and open
apex is a special challenge to the clinicians. Apexification with
calcium hydroxide and MTA barrier technique fails to induce
continued root maturation which makes the tooth susceptible to
root fracture. Hence, an ideal outcome for such a tooth should
be regeneration of pulp like tissue into the root canal capable of
continuing normal root maturation.

Aim: This study aims to compare the effect of Platelet Rich Fibrin
(PRF), induced bleeding technique and Platelet Rich Plasma (PRP)
in the revascularization of tooth with necrotic pulp and open apex.
The main objectives of the study were to: (a) Radiographically
evaluate the continuation of root development, increase in the
dentin wall thickness and narrowing of canal space, apical closure
and resolution of the periapical lesion; and to (b) To clinically
evaluate the response to pulp sensibility testing and response to
percussion and palpation tests.

Materials and Methods: Sixty patients (6 to 28 years) with
necrotic immature permanent tooth were randomly categorised
into three groups after the root canal disinfection procedure. PRF
as scaffolding material (Group A: n=20), revascularization with
conventional induced bleeding technique (Group B: n=20), and PRP
as the biomaterial (Group C: n=20). The primary outcome variable

VASUNDARA YAYATHI SHIVASHANKAR', DEXTON ANTONY JOHNS?, RAMESH KUMAR MAROLI?, MAHALAXMI SEKAR*,
RATHINAVEL CHANDRASEKARAN®, SHANMUGAVEL KARTHIKEYANS, SENTHIL KUMAR RENGANATHAN’

was measured using Periapical Index (PAI) (for periapical healing),
Chen and Chen index (for apical responses), Schei’s ruler (for root
lengthening and root thickening) and other clinical parameters. The
Chi-square test was used to interpret the data among the three
groups at the end of 12 months for the variables root lengthening
and lateral wall thickness. ANOVA test was performed to compare
the mean of the PAI scores of the three groups at preoperative
stage and 12 months. If statistically significant, Bonferroni test
was done to compare the outcome among the three groups. The
significant level was set at p<0.05. Kappa agreement was used to
see whether the clinical criteria of success (asymptomatic) were in
agreement with radiographic criteria.

Results: At the end of 12 months, patients presented with no
pain and no signs of reinfection or no radiographic enlargement of
the pre-existing apical pathosis in all the three groups. PRP was
better than PRF and induced bleeding technique with respect to
periapical wound healing when used in the regenerative endodontic
procedures. The groups were comparable on grounds of root
lengthening and lateral wall thickening. Type 3 apical response
was the most common apical response in all the three groups.

Conclusion: On analysing the pros and cons of the techniques
performed, it is wise to establish induced bleeding technique as
the standard endodontic procedure for revascularization of a non
vital immature permanent tooth.

Keywords: Apical response, Pulp dentin complex, Root maturation, Schei’s ruler, Triple antibiotic paste

INTRODUCTION

An archetypal outcome for a tooth with an immature root and necrotic
pulp would be the regeneration of pulp tissue into the canal capable
of bolstering the continuation of normal root development [1]. Three
components contributing to the success of this procedure include,
stem cells that are capable of hard tissue formation, signalling
molecules for cellular stimulation, proliferation, and differentiation,
and finally, a 3-dimensional physical scaffold that can fortify cell
growth and differentiation [2]. The induced bleeding technique of
revascularization is well documented in the literature [3-5].

PRP has been mentioned as a potentially ideal scaffold for regen-
erative endodontic treatment regimens because of its increased
growth factor concentrations [1]. PRF is a second generation platelet
concentrate which requires no biochemical handling of blood and is
easy to procure [6]. The potential applications of PRF as a biologic
scaffold to promote the regeneration of lost or injured dental pulp
tissues and stimulate dentinogenesis was mentioned in a research
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study [7]. It has been mentioned that PRF is an ideal biomaterial for
pulp dentin complex regeneration [8].

No study has compared the effect of PRP, PRF and induced bleeding
in the revascularization of a tooth with necrotic pulp and open apex.
The purpose of this study was to add knowledge to the existing
literature in the field of regenerative endodontics by comparison of
the effect of PRP, PRF and induced bleeding in the revascularization
of a tooth with necrotic pulp and open apex. The main objectives
of the study were to: (a) radiographically evaluate the continuation
of root development, increase in the dentin wall thickness and
narrowing of canal space, apical closure and resolution of the
periapical lesion; and to (b) to clinically evaluate the response to
pulp sensibility testing, percussion and palpation tests.

MATERIALS AND METHODS

A triple blind randomized controlled trial was conducted at
Government Dental College, Calicut, Kerala over a period of one
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Introduction: Treatment of immature permanent teeth
with necrotic pulp and apical pathosis constitutes a chal-
lenge for endodontists. The present study was done to
evaluate the effect of age and apical diameter on the
regenerative potential of young permanent immature
teeth with necrotic pulps. Methods: Immature necrotic
permanent maxillary incisors (n = 40) of patients
9-18 years old were divided into 2 groups according
to the treatment protocol: group Y (younger age group),
9-13 years and group O (older age group), 14-18 years.
Each group was further subdivided into 2 subgroups ac-
cording to apical diameter, subgroup (n) (narrower
diameter) between 0.5 and 1 mm and subgroup (w)
(wider diameter) equal to or greater than 1 mm. Revas-
cularization procedures were performed for all patients.
Follow-up was done for up to 12 months. Standardized
radiographs were digitally evaluated for increase in root
length and thickness and decrease in apical diameter.
Results: After the follow-up period, most of the cases
demonstrated radiographic evidence of periapical heal-
ing. Group Y showed significant progressive increase in
root length and width and decrease in apical diameter.
Subgroup (w) representing wider apical diameter
showed significant progress as well. Conclusions: It
was found that revascularization procedures can be im-
plemented in any age ranging from 9 to 18 years; how-
ever, younger age groups were better candidates for
revascularization procedure than older ones. Regarding
the apical diameter, regeneration procedures were suc-
cessful with apical diameters as small as 0.5 mm. How-
ever, teeth with preoperative wider diameters (=1 mm)
demonstrated greater increase in root thickness, length,
and apical narrowing. (J Endod 2016, Il :1-6)

Age, apical diameter, regeneration

Significance

Pulp regeneration is a biologic treatment modality
forimmature teeth with open apices. Regenerative
ability depends on both age and apical diameter.

Treatment of immature
permanent teeth with
necrotic pulp and apical
pathosis ~ constitutes a
challenge for endodon-
tists. Such cases are
commonly encountered in children because of trauma, dental anatomic variations
(eg, dens evaginatus), and untreated carious lesions. Many of these teeth develop pulpal
necrosis before completing root development. Such conditions are challenging not only
in root canal debridement and filling but also for the thin dentinal walls increasing the
risk of subsequent fracture (1).

Historically, immature apices have been managed with root-end closure through
apexification (2, 3). Although these procedures have excellent clinical success for the
resolution of infection and its associated symptoms, they do very little for continued root
development. Thus, teeth remain with thin dentinal walls after apexification procedures
(4). In addition, in highly immature teeth, clinician may elect the long-term use of cal-
cium hydroxide as the method to develop an apical calcific barrier. This technique has
several disadvantages because it requires multiple visits during long period of time,
requiring compliance, and the long-term use of calcium hydroxide might alter the me-
chanical properties of dentin, making the tooth more susceptible to fractures (5).
Therefore, even if apexification closure is successful, the long-term prognosis is ques-
tionable because of eventual root fracture (6).

Recently, the concept of immediate apical plug has been advocated. This technique
is performed by placement of artificial apical plug obliterating the apical portion of the
canal. Mineral trioxide aggregate (MTA) proved to be excellent candidate for this pro-
tocol. This protocol has the advantage of reduced number of visits, higher patient
compliance, and high success rate. However, the problem of thin brittle roots was
not solved (7-9).

An alternative approach to treating the immature necrotic permanent tooth is to
regenerate pulpal tissue, allowing for continued root formation. This treatment modality
was introduced as a biological alternative for continued maturation of the entire root
rather than the formation of an apical calcific barrier through apexification (10-12).

In regenerative endodontics, one of the goals is to promote continued root devel-
opment in addition to the crucial resolution of the disease process. Therefore, the
advantage of this treatment is continued root lengthening and reinforcement of lateral
dentinal walls with deposition of new hard tissue. Revascularization, regeneration, and
revitalization are commonly used terms to describe the regrowth of de novo tissue
within the root canal space (13-21).
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AAE Clinical Considerations for a Regenerative Procedure
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considerations should be seen as one possible source of information and, given the rapid

evolving nature of this field, clinicians should also actively review new findings elsewhere as they
become available.

Case Selection:

Tooth with necrotic pulp and an immature apex.

e  Pulp space not needed for post/core, final restoration.
e Compliantpatient/parent.
e Patientsnotallergic to medicaments and antibiotics necessary to complete procedure (ASA 1
or2).
Informed Consent

Two (or more) appointments.

Use of antimicrobial(s).

Possible adverse effects: staining of crown/root, lack of response to treatment, pain/infection.
Alternatives: MTA apexification, no treatment, extraction (when deemed non-
salvageable).

Permission to enter information into AAE database (optional).

First Appointment

Local anesthesia, dental dam isolation and access.

Copious, gentle irrigation with 20ml NaOCl using an irrigation system that minimizes the

possibility of extrusion of irrigants into the periapical space (e.g., needle with closed end and

side-vents, or EndoVac™). Lower concentrations of NaOCl are advised [1.5% NaOCl

(20mL/canal, 5 min) and then irrigated with saline or EDTA (20 mL/canal, 5 min), with

irrigating needle positioned about 1 mm from root end, to minimize cytotoxicity to stem cells

in the apical tissues.

Dry canals with paper points.

o Place calcium hydroxide or low concentration of triple antibiotic paste. If the triple

antibiotic paste is used: 1) consider sealing pulp chamber with a dentin bonding agent
[to minimize risk of staining] and 2) mix 1:1:1 ciprofloxacin: metronidazole:
minocycline to a final concentration of 1-5 mg/ml. Triple antibiotic paste has been
associated with tooth discoloration. Double antibiotic paste without minocycline
paste or substitution of minocycline for other antibiotic (e.g., clindamycin;
amoxicillin; cefaclor) is another possible alternative as root canal disinfectant.
Clinicians should be aware that studies have been done using higher concentrations of
TAP/DAP, but a recommendation to a higher concentration can’t be made at this time
due to limited studies.

Deliver into canal system via syringe

If triple antibiotic is used, ensure that it remains below CEJ (minimize crown staining).

Seal with 3-4mm of a temporary restorative material such as Cavit™, IRM™, glass-

ionomer or another temporary material. Dismiss patient for 1-4 week
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Abstract

The aim of this review is to discuss the requirements for effective irrigation
of the root canal system and its role in treatment outcome. A review of the
literature regarding irrigants, methods of irrigation and regimens was under-
taken. It indicates that irrigation is comprised of a multitude of factors, and
that effective irrigant delivery and agitation achieves mechanical, chemical
and microbiological functions, which are prerequisites for obtaining a clean
canal system. However, most studies are ex vivo and assess intermediate out-
come values rather than treatment success. Additionally, there is an absence
of high-level evidence evaluating the effect of irrigation on the outcome of
root canal treatment. Therefore, citing irrigation as a significant factor that
affects root canal treatment success cannot be done. This highlights the need
to further investigate the prognostic value of irrigation on root canal treat-

ment success.

Introduction

Endodontic treatment is comprised of a set of guiding
principles that generally include four consecutive steps:
instrumentation, irrigation, medication and obturation.
Treatment success is defined as the prevention or elimi-
nation of apical periodontitis and resolution of patient
symptoms (1). The first three treatment processes are
essential for microbial control in the root canal system.
This is critical because the main causes of endodontic fail-
ure are remaining microorganisms or recolonisation
(2,3). Sjogren (2) demonstrated that bacteria in the root
canal, at the time of obturation, resulted in a statistically
significant reduction in success. Canals yielding negative
bacterial cultures had a 98% success rate, compared to
68% in those that yielded positive cultures (2). Thus, it
can be surmised that ineffective application of any of
these processes could potentially affect treatment out-
come.

However, in regard to irrigation, a limitation to this
assumption was presented in a meta-analysis conducted
by Ng et al. It indicated that using irrigation as a prognos-
tic factor for predicting root canal treatment success could

© 2019 Australian Society of Endodontology Inc
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not be done due to insufficient data (4). In contrast to
insufficient high-level evidence related to the effect of
irrigation on success, there is extensive literature — of
lower level evidence — which has investigated the effect
of irrigation on variables that are pertinent to endodontic
treatment outcome. Additionally, these studies demon-
strate that irrigation is a complex topic which can be
deconstructed into constitutive parts. In doing this, it is
appropriate to start with the question ‘What elements
determine effective irrigation?” The first step is to con-
sider the goals of irrigation and the properties of an ideal
irrigant, in relation to chemical and mechanical effects,
as it is these effects which clean and disinfect canals.

Goals of irrigation and the ideal properties of an
irrigant

Infections in root canal systems are polymicrobial and
constantly undergoing selection pressure for the low-
oxygen environment (5). Planktonic members aggregate
in an extracellular polysaccharide matrix associated with
the root canal wall to form biofilm (6). Additionally, the
gram-negative bacteria have endotoxin in their cell walls
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Abstract

Local wound debridement in the diseased pulp space is
the main step in root canal treatment to prevent the
tooth from being a source of infection. In this review
article, the specifics of the pulpal microenvironment
and the resulting requirements for irrigating solutions
are spelled out. Sodium hypochlorite solutions are rec-
ommended as the main irrigants. This is because of
their broad antimicrobial spectrum as well as their
unique capacity to dissolve necrotic tissue remnants.
Chemical and toxicological concerns related to their use
are discussed, including different approaches to en-
hance local efficacy without increasing the caustic po-
tential. In addition, chelating solutions are recom-
mended as adjunct irrigants to prevent the formation of
a smear layer and/or remove it before filling the root
canal system. Based on the actions and interactions of
currently available solutions, a clinical irrigating regi-
men is proposed. Furthermore, some technical aspects
of irrigating the root canal system are discussed, and
recent trends are critically inspected. (J Endod 2006;32:
389-398)

Key Words
Chelators, chlorhexidine, interactions, irrigants, review,
sodium hypochlorite
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We are living in the age of evidence-based medicine. Any new concepts and tech-
niques to be used in the clinic should ideally be assessed in randomized con-
trolled clinical trials against their respective gold standards. This, however, poses a
major problem in endodontic research. A favorable outcome of root canal treatment is
defined as the reduction of a radiographic lesion and absence of clinical symptoms of
the affected tooth after a minimal observation period of 1 yr (1). Alternatively, so-called
surrogate outcome (dependent) variables yielding quicker results, such as the micro-
bial load remaining in the root canal system after different treatment protocols, can be
defined. However, these do not necessarily correlate with the “true” treatment outcome
(2). Endodontic success is dependent on multiple factors (3), and a faulty treatment
step can thus be compensated. For instance if cultivable microbiota remain after im-
proper canal disinfection, they can theoretically be entombed in the canal system by a
perfect root canal filling (4), and clinical success may still be achieved (5). On the other
hand, in a methodologically sound clinical trial, single treatment steps have to be
randomized and related to outcome. Otherwise, the results do not allow any conclu-
sions and no causative relationships may be revealed (6).

The above issues may be viewed as the reason (or as an excuse) for the fact that no
randomized controlled clinical trials exist on the effect of irrigating solutions on treat-
ment outcome in the endodontic literature. As of yet, we largely depend on data from in
vitro studies and clinical trials with microbial recovery after treatment as the surrogate
outcome. Clinical recommendations based on such findings are merely deductive and
need to be interpreted with care. Nevertheless, individual problems can be singled out
in these investigations and basic information can be gained.

It was the purpose of this article to present an overview on irrigating solutions in
endodontics, their actions and interactions. Based on data derived from basic science
studies, results obtained in clinical investigations are discussed and some general
recommendations are given.

Facing the Challenge

There can be no doubt today that microorganisms, either remaining in the root
canal space after treatment or re-colonizing the filled canal system, are the main cause
of endodontic failure (7, 8). The primary endodontic treatment goal must thus be to
optimize root canal disinfection and to prevent re-infection.

Infection of the root canal space occurs most frequently as a sequela to a profound
carious lesion (9). Cracks in the crown structure extending into the pulp chamber can
also be identified as a cause of endodontic infection (10). Regardless of the microbial
entryways, it should be differentiated between vital and nonvital cases (11). Pulpitis is
the host reaction to opportunistic pathogens from the oral environment entering the
endodontium (12). Vital pulp tissue can defend against microorganisms and is thus
largely noninfected until it gradually becomes necrotic (9). In contrast, the pulp space
of nonvital teeth with radiographic signs of periapical rarefaction always harbors cul-
tivable microorganisms (13). Consequently, the treatment of vital cases should focus on
asepsis, i.e. the prevention of infection entering a primarily sterile environment, which
is the apical portion of the root canal. Antisepsis, which is the attempt to remove all
microorganisms, is the key issue in nonvital cases. Vitality cannot always be predictably
assessed with current sensitivity tests and radiologic methods before treatment (14).
Once the pulp space is entered during access cavity preparation, however, the clinician
can clearly discern between vital and nonvital pulp tissue (15), and further treatment
decisions can be made accordingly.

Aseptic principles such as correct rubber dam placement and coronal disinfection
of the tooth to be treated have long been accepted (16). Although asepsis is not the topic
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Abstract

The endodontic management of permanent immature
teeth is fraught with challenges. Although treatment
modalities for vital pulp therapy in these teeth provide
long-term favorable outcome, the outcomes from the
treatment of pulp necrosis and apical periodontitis are
significantly less predictable. Immature teeth diagnosed
with pulp necrosis have been traditionally treated with
apexification or apexogenesis approaches. Unfortu-
nately, these treatments provide little to no benefit in
promoting continued root development. Regenerative
endodontic procedures have emerged as an important
alternative in treating teeth with otherwise questionable
long-term prognosis because of thin, fragile dentinal
walls and a lack of immunocompetency. These proce-
dures rely heavily on root canal chemical disinfection
of the root canal system. Traditionally, irrigants and me-
dicaments have been chosen for their maximum antimi-
crobial effect without consideration for their effects on
stem cells and the dentinal microenvironment. Transla-
tional research has been crucial to provide evidence
for treatment modifications that aim to increase favor-
able outcome while steering away from common pitfalls
in the currently used protocols. In this review, recent ad-
vances learned from translational research related to
disinfection in regenerative endodontics are presented
and discussed. (J Endod 2014,40:552-557)
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he developing dentition is at risk for pulpal necrosis because of trauma and devel-

opmental dental anomalies such as dens evaginatus (1-7). The loss of an immature
permanent tooth in young patients with mixed dentition can be devastating, leading to
loss of function, malocclusion, and inadequate maxillofacial development. These teeth
traditionally have been treated with apexification procedures using either long-term cal-
cium hydroxide treatment (8, 9) or immediate placement of a mineral trioxide
aggregate (MTA) apical plug (10). Although these treatments often result in the reso-
lution of signs and symptoms of pathosis, they provide little to no benefit for continued
root development (11). Thus, immature teeth treated with these procedures are consid-
ered to be in a state of “arrested development,” and no further root growth, normal
pulpal nociception, and immune defense should be expected.

Regenerative endodontic procedures (REPs) have emerged as an alternative treat-
ment alternative for these teeth that, in addition to healing of apical periodontitis, aims
to promote normal pulpal physiologic functions. These include continued root devel-
opment, immunocompetency, and normal nociception, as seen in some published
cases (12). Thus, the ultimate goal of these procedures is to regenerate the components
of the pulp-dentin complex. A significant number of case reports and case series have
been published since the first reported case in 2001 (12). These published cases docu-
ment the following (12):

1. Commonly observed clinical outcomes such as continued root development and
sometimes normal nociceptive responses to vitality testing

2. Commonly found challenges such as technical pitfalls and unwanted adverse reac-
tions such as coronal staining

3. Great variability in treatment protocols

Despite the lack of randomized clinical trials, these published clinical observa-
tions support the hypothesis that patients with otherwise limited treatment options could
benefit from these procedures.

In 2011, a study showed that a substantial number of undifferentiated mesen-
chymal stem cells are delivered into root canal systems after REPs (13). This finding
represented a turning point because treatment protocols previously used in REPs aimed
to provide maximum disinfection without consideration for their impact on stem cells.
Contemporary regenerative endodontics acknowledges and follows principles of bioen-
gineering regarding the interplay between stem cells, scaffolds, and growth factors (14).
Because stem cells represent 1 of the pillars of REPs, a series of translational studies
evaluating the effect of disinfection on stem cell fate have been conducted. These studies
have contributed to the foundational framework for the current American Association of
Endodontists—recommended regenerative endodontic treatment protocol (15).

Translational Studies on Disinfection

Irrigants

Clinicians often face the challenge of adequately debriding large infected root ca-
nals in REPs. In these procedures, similar to conventional endodontic therapy, micro-
bial control is crucial. These canals with compromised fragile underdeveloped dentinal
walls represent a contraindication for mechanical instrumentation; thus, chemical
debridement remains the main form of disinfection in REPs. Sodium hypochlorite
(NaOCl) is the most widely used agent for chemical debridement in endodontic proce-
dures, including REPs (12). It has several desirable characteristics including excellent
bactericidal efficacy (16-18), tissue dissolution capacity (19-21), and effective
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Abstract

Sim TPC, Knowles JC, Ng Y-L, Shelton J,
Gulabivala K. Effect of sodium hypochlorite on mechanical
properties of dentine and tooth surface strain. International
Endodontic Journal, 34, 120-132, 2001.

Aim The aim of this study was to test the null hypoth-
esis that sodium hypochlorite irrigation of root canals
does not alter the properties of dentine and contribute
to the weakening of root-treated teeth.

Methodology The effect of two concentrations (0.5%,
5.25%) of sodium hypochlorite (NaOCl) and saline on
(i) the elastic modulus and flexural strength of machined
dentine bars, and (ii) changes in strain of ‘whole’ extracted
human teeth were evaluated. One hundred standard-
ized plano-parallel dentine bars (> 11.7 x 0.8 x 0.8 mm)
were randomly divided into the three groups, immersed
for 2 h in the respective solutions and then subjected to
a three-point bend test. Changes in strain of each of 10
teeth on cyclical nondestructive occlusal loading were
measured using electrical resistance strain gauges
bonded to the cervical aspects. Each tooth had its crown
and enamel reduced and root canal prepared. These
were irrigated sequentially in a series of four separate,

30-minute regimes; initial-saline, 0.5% NaOCl, 5.25%
NaOCl and final-saline. The changes in strains after
each irrigation regime were compared.

Results There was a significant decrease in elastic
modulus of the dentine bars immersed in 5.25% NaOCl
compared with the saline group (P <0.01). There was
also a significant decrease in flexural strength of the
dentine bars in the 5.25% NaOCl group compared to
both the saline and 0.5% NaOCI groups (P < 0.01). The
strain data from the nondestructive tooth loading tests
revealed significant increases in tensile strain between
the initial-saline and the final-saline stages (P < 0.01).
Significant increases in compressive strains were also
found between initial-saline and 5.25% NaOCl; and
between 0.5% NaOCl and 5.25% NaOCl stages (P < 0.01).
Conclusions The null hypothesis was rejected,
5.25% NaOCl reduced the elastic modulus and flexural
strength of dentine. Irrigation of root canals of single,
mature rooted premolars with 5.25% NaOCI affected
their properties sufficiently to alter their strain charac-
teristics when no enamel was present.

Keywords: dentine, irrigant, sodium hypochlorite, strain.
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Introduction

There is a widely held belief that root-treated teeth are
weakened and more susceptible to fracture than vital
teeth (Rosen 1961, Johnson et al. 1976, Gher etal. 1987),
yet conclusive epidemiological evidence is still lacking.
Nevertheless, there is convincing circumstantial evidence
for the putative causes of nonvital and root-treated teeth

Correspondence: K. Gulabivala, Department of Conservative Dentistry,
Eastman Dental Institute for Oral Health Care Sciences, 256
Grays Inn Rd, London WC1X 8LD, UK (fax: +020 7915 1028; e-mail:
K.Gulabivala@eastman.ucl.ac.uk ).

International Endodontic Journal, 34, 120-132, 2001

79

to fracture (Burke 1992). The main causes may be divided
broadly into three areas; loss of tooth tissue, altered
physical properties of dentine and altered proprioception/
nociception (Gutmann 1992, Gulabivala 1995). It is
probable that these factors interact camulatively to influ-
ence tooth loading and distribution of stresses, ultimately
increasing the possibility of catastrophic failure.

Tooth tissue loss reduces the force required to strain
and ultimately fracture teeth in vitro with the pattern of
loss influencing the magnitudes of the induced strains
(Vale 1956, Mondelli etal. 1980, Larson etal. 1981,
Panitvisai & Messer 1995). Evidence from clinical

© 2001 Blackwell Science Ltd
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Abstract

Introduction: Intracanal disinfection is a crucial step in
regenerative endodontic procedures. Most published
cases suggest the use of sodium hypochlorite (NaOCl)
as the primary irrigant. However, the effect of clinically
used concentrations of NaOCl on the survival and differ-
entiation of stem cells is largely unknown. In this study,
we tested the effect of various concentrations of NaOCI
on the stem cells of the apical papilla (SCAPs) survival
and dentin sialophosphoprotein (DSPP) expression.
Methods: Standardized root canals were created in
extracted human teeth and irrigated with NaOCI (0.5%,
1.5%, 3%, or 6%) followed by 17% EDTA or sterile saline.
SCAPs in a hyaluronic acid—based scaffold were seeded
into the canals and cultured for 7 days. Next, viable cells
were quantified using a luminescence assay, and DSPP
expression was evaluated using quantitative real-time
polymerase chain reaction. Results: There was a signifi-
cant reduction in survival and DSPP expression in the
group treated with 6% NaOC| compared with the
untreated control group. Comparable survival was
observed in the groups treated with the lower concentra-
tions of NaOCl, but greater DSPP expression was
observed in the 1.5% NaOCI group. In addition, 17%
EDTA resulted in increased survival and DSPP expression
partially reversing the deleterious effects of NaOCI.
Conclusions: Collectively, the results suggest that dentin
conditioning with high concentrations of NaOCl has
a profound negative effect on the survival and differentia-
tion of SCAPs. However, this effect can be prevented with
the use of 1.5% NaOCl followed by 17% EDTA. The inclu-
sion of this irrigation regimen might be beneficial in regen-
erative endodontic procedures. (J Endod 2014;40:51-55)

Key Words

Dentin conditioning, dentin sialophosphoprotein, EDTA,
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he field of endodontics has seen a shift toward biologically based regeneration of pulpal

tissues. Regenerative endodontic procedures rely on adequate disinfection while
creating a microenvironment conducive for stem cell survival and differentiation (1).
In current regenerative endodontic procedures, mesenchymal stem cells (MSCs) are
delivered from the periradicular tissues into the root canal space via evoked bleeding
(2). Postnatal MSCs include the dental pulp stem cells (DPSCs), stem cells from human
exfoliating deciduous teeth (SHEDs), periodontal ligament stem cells, dental follicle
progenitor cells, inflammatory periapical progenitor cells, and stem cells from the apical
papilla (SCAPs) (3-0). Of special interest to endodontics are SCAPs. These cells can be
found in the apical papilla immediately adjacent to the apex of the root canal, allowing
for an easier incorporation of SCAPs in regenerative endodontic procedures (1, 2).
SCAPs have also been reported to have high proliferation rates and odontogenic
differentiation capacity (4).

Multiple case reports of regenerative endodontic procedures have been published,
with significant differences in disinfection protocols. These have varied from the use of
5.25% sodium hypochlorite (NaOCl) followed by saline and 0.12% chlorhexidine (1,
7, 8) 5.25% NaOCl, or 2.5% NaOCl alone to 6% NaOCI followed by 2% chlorhexidine
(1, 9). Although proven to show effectiveness as root canal irrigants for bactericidal,
bacteriostatic, and tissue dissolution properties (10, 11), these irrigants have also been
shown to be cytotoxic to fibroblasts, periodontal ligament stem cells, HeA cells, SHEDs,
and SCAPs (12-16). When NaOCl is used at 6%, it has a profound detrimental effect on
SCAP survival using an organotype human root model (12) and on odontoblastic differen-
tiation of DPSCs iz vivo (17). Thus, dentin treatment with 6% NaOCI has a negative effect on
the survival and differentiation of stem cells when in contact with the conditioned dentin.

Nonetheless, NaOCl is the most commonly used endodontic irrigant, and it has
been used in the great majority of all the regenerative/revascularization reported cases
(8,18, 19). However, the effect of various clinically relevant concentrations of NaOCl on
the survival and odontoblastic differentiation of stem cells has never been previously
investigated. Thus, the aim of this study was to evaluate the effect of different
concentrations of NaOCI on the survival and odontoblastic differentiation of SCAPs in
an organotype root canal model.

Methods
Patient Recruitment
This study was approved by the Institutional Review Board of the University of
Texas Health Science Center at San Antonio, San Antonio, Texas. Third molar teeth diag-
nosed with vital pulp but with an indication for extraction were collected from the clinics
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Abstract

Introduction: Dental pulp tissue engineering is an
emerging field that can potentially have a major impact
on oral health. However, the source of morphogens
required for stem cell differentiation into odontoblasts
and the scaffold characteristics that are more conducive
to odontoblastic differentiation are still unclear. This
study investigated the effect of dentin and scaffold
porogen on the differentiation of human dental pulp
stem cells (DPSCs) into odontoblasts. Methods: Poly-
L-lactic acid (PLLA) scaffolds were prepared in pulp
chambers of extracted human third molars using salt
crystals or gelatin spheres as porogen. DPSCs seeded in
tooth slice/scaffolds or control scaffolds (without tooth
slice) were either cultured in vitro orimplanted subcuta-
neously in immunodefficient mice. Results: DPSCs
seeded in tooth slice/scaffolds but not in control scaffolds
expressed putative odontoblastic markers (DMP-1, DSPP,
and MEPE) in vitro and in vivo. DPSCs seeded in tooth/
slice scaffolds presented lower proliferation rates than in
control scaffolds between 7 and 21 days (p < 0.05).
DPSCs seeded in tooth slice/scaffolds and transplanted
into mice generated a tissue with morphological charac-
teristics similar to those of human dental pulps. Scaffolds
generated with gelatin or salt porogen resulted in similar
DPSC proliferation. The porogen type had a relatively
modest impact on the expression of the markers of
odontoblastic differentiation. Conclusions: Collectively,
this work shows that dentin-related morphogens are
important for the differentiation of DPSC into odonto-
blasts and for the engineering of dental pulp-like tissues
and suggest that environmental cues influence DPSC
behavior and differentiation potential. (J Endod
2010;36:1805-1811)
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Dental pulp stem cells (DPSCs) have the ability to differentiate into odontoblasts and
secrete dentin matrix when odontoblasts are lost because of caries or injury (1).
This fundamental observation serves as the biological rationale for the use of stem cells
in dental pulp tissue engineering. However, one of the outstanding issues in dental pulp
tissue engineering is the origin and nature of the signals required for the differentiation
of stem cells into functional odontoblasts. It is not clear if these signals come from neigh-
boring cells or the existing dentin matrix. In addition, the extent of the impact of the
microenvironment of the scaffold in which the stem cells are cultured on the process
of odontoblastic differentiation is not clear. It has become increasingly evident that
further progress in dental pulp tissue engineering will require in-depth knowledge of
the processes that result in the differentiation of stem cells into functional odontoblasts.

Stem cells can be found in the dental pulp tissue of permanent teeth (2), primary
teeth (3), periodontal ligament (4), and apical papilla (5). It has been shown that stem
cells from the pulp tissue are capable of generating an odontoblastic progeny, secrete
dentin matrix, and differentiate into other cell lineages (6). In a seminal work, Young
etal (7) have shown that cells originating from porcine third molar tooth buds seeded
in a polymeric scaffold give rise to complex tooth structures after a period of 20 to 25
weeks. Notably, the recombination of bone marrow—derived stem cells and oral epithe-
lium generated complex tooth-like structures 12 days after implantation in the renal
capsule (8). We have shown that stem cells from exfoliated deciduous (SHEDs) teeth
seeded in tooth slice/scaffolds and transplanted subcutaneously in immunodeficient
mice generate a dental pulp-like tissue with morphological characteristics similar to
those found in normal pulp (9).

The scaffold provides the three-dimensional substrate for developing cells and the
template for tissue engineering (10). Polymers have shown good potential as scaffold
material because of their design flexibility and degradability (11). It has been shown
that the interconnectivity, format, and size of pores as well as the surface treatment
of the scaffolds may have a significant influence on cell behavior (11-15). Synthetic
polymers (eg, poly-L-lactic acid [PLLA]) are frequently used in tissue engineering,
but they lack recognition signals for cells. Such signals can be found in natural polymers
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Introduction: The aim of the present study was to sys-
tematically analyze the protocols that have been used in
regenerative endodontic therapy and to detect any var-
iations in clinical procedures. Methods: An electronic
search was executed in PubMed using appropriate Med-
ical Subject Heading terms covering the period from
January 1993 to May 2014. Additional publications
from hand searching and the reference section of each
relevant article enriched the article list. The relevance
of each article was initially evaluated by scanning all ti-
tles and corresponding abstracts. The definite inclusion
of each article in the study was determined by using spe-
cific criteria applied independently by 3 reviewers. Re-
sults: Sixty relevant publications were finally included.
The canal walls were not mechanically instrumented in
68% of the clinical articles. Sodium hypochlorite was
included in 97% of the clinical studies either as the
only irrigant or in combination with other irrigants. Anti-
biotic combination paste was used as the intracanal
medicament in 80% of the clinical articles. Sodium hypo-
chlorite, chlorhexidine, and EDTA were used in the final
irrigation protocol in 75%, 4%, and 13% of the clinical
studies, respectively. Neither the creation of a blood clot
nor the use of platelet-rich plasma/platelet-rich fibrin
was described in 13% of the clinical articles. Mineral
trioxide aggregate was used as an intracanal coronal
barrier in 85% of the relevant clinical studies. Conclu-
sions: The variability of the clinical protocols applied
during regenerative enododontic procedures is consider-
ably high. A thorough analysis of regenerative protocols
may constitute an additional source to provide useful
clinical  considerations for REPs. (J  Endod
2015;41:146-154)

Key Words
Blood clot, mineral trioxide aggregate, regenerative
endodontics, triple antibiotic paste
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he success of regenerative endodontic procedures (REPs) is undoubtedly related to
the attainment of specific biological purposes (1). Healing of apical periodontitis,
thickening and/or lengthening of root walls, and, finally, regaining a positive response
to pulp sensibility tests are strongly correlated with a successful outcome of regenerative
endodontic therapy (1). In cases of necrotic immature teeth with open apices, REPs
promote root development and apical closure compared with calcium hydroxide apex-
ification and the mineral trioxide aggregate (MTA) apical barrier technique (2—4).
REPs are based on 3 core principles of tissue engineering:

1. Appropriate sources of stem/progenitor cells
2. Growth factors that are capable of promoting stem cell differentiation
3. Appropriate scaffolds for the regulation of cell differentiation (5, 6)

Based on clinical studies related to REPs, the main sources of stem cells are the
periapical tissues, and the main sources of growth factors are intracanal blood clot,
platelet-rich plasma (PRP), and properly conditioned dentin surfaces with EDTA; in
the majority of cases, scaffolds are either the intracanal blood clot or the PRP from
the patient. The elimination of intracanal bacteria is required for the initiation of
REPs, and prevention from reinfection of the root canal system is a prerequisite for
the long-term success of the therapy (7, 8).

In the first clinical article related to REPs, the root canal walls were not instru-
mented mechanically in order to preserve the vitality of the stem cells of apical tissues
(9). The control of root canal infection was achieved by using sodium hypochlorite
(NaOCl), hydrogen peroxide (H,0,), and a mixture of antibiotics as intracanal medi-
cament. Apical closure of the root and thickening of the root walls were observed in the
30-month postoperative radiography (9). Since then, a large amount of clinical studies,
case series, and case reports related to regenerative endodontic therapy have been pub-
lished, including a broad range of differences in treatment protocol.

Based on the best available evidence on regenerative endodontic therapy, it has not
vet been totally evitable to determine a protocol that provides the most favorable
outcome (10). This could be attributed to the fact that the vast majority of the clinical
articles related to REPs are case series and clinical reports characterized by major dif-
ferences among several pre-, intra-, and postoperative prognostic and clinical factors.
(10). However, the lack of standardization of a clinical protocol for REPs may be a
possible reason for withholding that treatment modality. It is imperative for clinicians
and investigators to detect, via a systematic approach, the real magnitude of the vari-
ability observed in clinical protocols for regenerative endodontic therapy. Therefore,
the present review was conducted with the aim of analyzing the protocols that have
been used in regenerative endodontic therapy and detecting any variations in clinical
procedures.

Materials and Methods
Search Methodology and Study Selection
An electronic search was conducted using the PubMed database (www.ncbi.nlm.
nih.gov) covering the period from January 1993 to the second week of May 2014. The
following appropriate Medical Subject Heading (MeSH) terms for the electronic search
were formed by using 12 relevant guide articles: ((((((“dental pulp”[MeSH Terms]
OR (“dental”[All Fields] AND “pulp”[All Fields]) OR “dental pulp”[All Fields]

JOE — Volume 41, Number 2, February 2015

82



34.

Case Report/Clinical Technigues

Drawbacks and Unfavorable Outcomes of Regenerative
Endodontic Treatments of Necrotic Immature Teeth:
A Literature Review and Report of a Case

Ali Nosrat, DDS, MS,* Negar Homayounfar, DDS, MS,f and Kaveb Oloomi, DDS, MSs*

Anbstract

Introduction: Endodontic treatment of immature
necrotic teeth is challenging. Recently a biologically
based treatment called regenerative endodontic treat-
ment was introduced. Although regenerative en-
dodontic treatment causes root development, there
are several drawbacks and unfavorable outcomes that
should be addressed. This article describes regenerative
endodontic treatment of 2 maxillary central incisors with
poor root development outcomes. Methods: A healthy
14-year-old female patient was referred. The patient
had history of an impact trauma 6 years before the first
visit. Clinical and radiographic examinations revealed
that maxillary central incisors were immature and
necrotic with symptomatic apical periodontitis. After
local anesthesia, rubber dam isolation, and access cavity
preparation each tooth was irrigated with 20 mL of
NaOCl 5.25% and received triple antibiotic dressing
(ciprofloxacin, metronidazole, minocycline) for 4 weeks.
In the next visit, after eliminating antibiotic dressing,
bleeding was induced inside the canals, and then the
coronal thirds of the canals were sealed with mineral
trioxide aggregate. A week later, both teeth were
permanently restored. Results: In clinical and radio-
graphic follow-ups, both teeth were functional, periapi-
cal lesions were healed, and the apices formed.
However, the roots were not developed. After 6 years,
because of moderate discoloration and caries, both
teeth received root canal therapy and were permanently
restored with casting dowel core and full crown restora-
tions. Conclusions: Criteria for case selection in
regenerative endodontic treatments should be deter-
mined. (J Endod 2012;38:1428-1434)

Key Words

Dental trauma, immature teeth, MTA, regenerative
endodontics, root development, triple antibiotic paste,
unfavorable outcome

Treatment of necrotic immature teeth is very challenging in endodontics. Immature
roots are weak, short, and more susceptible to fracture. It is difficult to perform che-
momechanical debridement and create an effective apical seal by using conventional
endodontic treatment methods (1). Historically, multiple-visit apexification was the treat-
ment of choice (2). Although this method was successful (3), it had several disadvantages
including long-term treatment, increased root dentin brittleness, and increased risk of
root fracture because of long-term presence of calcium hydroxide inside the root canal
space (4). Apical barrier technique was introduced as a replacement for apexification
with calcium hydroxide (5). In the apical barrier technique a barrier material is placed
at the apex to facilitate obturation procedure. Considering its sealing ability (6), biocom-
patibility (7), hard-tissue induction potential (8), and the ability to set in the presence of
moisture (9), mineral trioxide aggregate (MTA) is the material of choice for the apical
barrier technique. Clinical studies have shown high success rates of this method (10).
However, none of the aforementioned methods can promote root development.

Recently, a biologically based treatment called regenerative endodontic treatment
was introduced (11). This approach is based on the presence of osteo/odonto progen-
itor stem cells in the apical papilla that are resistant to the infection and necrosis caused
by proximity to periodontal blood supply (12). In this treatment, the ideal goal is to
prepare an appropriate environment inside the root canal space (ie, absence of
bacteria and necrotic pulp tissue, presence of a scaffold and a tight coronal seal)
that promotes repopulation of these stem cells, regeneration of pulp tissue, and
continuation of root development (13). The treatment procedure begins with chemical
disinfection by copious irrigation of the root canal space with NaOCl (14), combination
of NaOCl/chlorhexidine (15, 16) or NaOCl/hydrogen peroxide (17), followed by place-
ment of an intracanal medicament at the first visit. Several medicaments like triple
antibiotic mixture (metronidazole, ciprofloxacin, and minocycline) (18), calcium
hydroxide (19), and formocresol (20) have been used successfully. At the next visit,
which should be at least 1 week after the initial session (21) or more (14), in the
absence of clinical signs of inflammation, the clinician removes the intracanal medica-
ment and induces bleeding inside the root canal space by irritating the periradicular
tissue. After clot formation, the clinician seals the root canal space by placing an
MTA plug over the blood clot (18). There are several case studies that demonstrate
successful clinical and radiographic outcome for this treatment approach in single-
rooted (15, 22) and molar teeth (23, 24).

However, there are several drawbacks and unfavorable outcomes that are not
addressed vet. The purpose of this study was to present these drawbacks and their
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Anbstract

Introduction: Regenerative endodontic procedures are
an alternative treatment for immature teeth with
necrotic pulps. Typically, intracanal medicaments such
as triple antibiotic paste (TAP) or double antibiotic paste
(DAP) and calcium hydroxide (Ca[OH],) are used for
disinfection. However, their effect on human stem cells
of the apical papilla (SCAPs) is unknown. We hypothe-
sized that intracanal medicaments at high concentra-
tions are toxic to SCAPs. To test this hypothesis, a cell
culture assay was used. Methods: Briefly, SCAPs
were cultured and subjected to either no drug treatment
or various concentrations including TAP, DAP, modified
TAP (ciprofloxacin, metronidazole and cefaclor), Aug-
mentin (Champs Pharmacy, San Antonio, TX), or
Ca(OH),. Viable stem cells counts were obtained using
an automated method of detecting trypan blue dye at
3 days after treatment. Results: All 4 antibiotics
significantly reduced SCAP survival in a concentration-
dependent fashion. Interestingly, Ca(OH), was
conducive with SCAP survival at all concentrations.
Conclusions: Collectively, our data show that high
concentrations of antibiotics have a detrimental effect
on SCAP survival, whereas lower concentrations as
well as Ca(OH), at all tested concentrations are condu-
cive with SCAP survival and proliferation. These studies
highlight the clinically important point that intracanal
medicaments must be used at concentrations that are
bactericidal while having minimal effects on stem cell
viability. (J Endod 2012;38:1372-1375)

Key Words
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Regenerative endodontic therapy has become a viable alternative in the treatment of
immature teeth with pulpal necrosis. Since its inception, several successful case
reports have been published (1-9) with substantial advancements in the
understanding of the biological principles involved in the regeneration of the pulp-
dentin complex, including the evaluation of stem cells, growth factors, and signaling
molecules involved in the differentiation of stem cells into various cell types (10-12).
Moreover, it has become evident from preclinical studies and clinical case reports that
a successful regenerative procedure of a tooth with necrotic pulp requires adequate
disinfection of the root canal system.

Clinical regenerative endodontic procedures depend primarily on chemical
debridement of the canal space with minimal to no mechanical instrumentation (1-8).
The most widely used intracanal medicament used in regenerativeendodontic/
revascularization procedures is the mixture of ciprofloxacin, metronidazole,
and minocycline, which is also called triple antibiotic paste (1, 13, 14). This
combination has been shown to be highly efficacious against bacteria commonly
found in infected root canal systems in both in vitro (13, 14) and in vivo studies
(1, 3, 5, 9, 15). However, other intracanal medicaments have been used including
Ca(OH), (4); formocresol (7); the combination of metronidazole and ciprofloxacin
(double antibiotic paste) (2); and the combination of metronidazole, ciprofloxacin,
and cefaclor (modified triple antibiotic paste) (8). Although the combination of amox-
icillin and clavulonic acid (Augmentin; Champs Pharmacy, San Antonio, TX) has not yet
been used in a published regenerative endodontic case, it has been found to be effective
against 100% of endodontic bacteria (16), and it may represent an important medica-
ment alternative for patients without a history of a penicillin-like drug allergy. Collec-
tively, the antibacterial effects of these drugs are well known; however, there is a large
gap in knowledge regarding the potential toxic effect on human mesenchymal stem
cells. Thus, the aim of this study was to evaluate the effect of commonly used intracanal
medicaments on the survival of human stem cells of the apical papilla (SCAPs) in vitro.

Materials and Methods

Patient Recruitment

This study was approved by the Institutional Review Board of the University of
Texas Health Science Center at San Antonio. After verbal and written communication
for informed consent, stem cells of the apical papilla were harvested from 2 extracted
immature mandibular third molars (#17 and #32) from a 17-year-old female patient
recruited from the clinic of the University of Texas Health Science Center at San Antonio
School of Dentistry. The extracted teeth were immediately rinsed in sterile phosphate-
buffered saline (PBS) and stored in a container with sterile PBS until SCAP harvesting.

Harvesting of SCAP and Cell Culture

SCAPs were obtained from the harvested apical papillae by enzymatic digestion as
described previously (17). Cells in suspension were plated in 10-cm diameter poly-D
lysine-treated culture plates (BD Biosciences, Bedford, MA). The cells formed single
colonies and exhibited typical fibroblast-like morphology. Cells were allowed to expand
in culture to 70% to 80% confluency followed by treatment with 0.05% trypsin (Gibco,
Carlsbad, CA) and passing the culture to subsequent culture plates. SCAPs between the
fifth and eighth passages were used in this study.
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Abstract

Calcium hydroxide (Ca(OH),) has been used extensively to induce dentine regeneration through formation of dentine bridges at sites
of pulp exposure after dental tissue injury, however, the biological processes underpinning these events are unclear. We hypothesise that
growth factors and other bio-active molecules, sequestered within dentine matrix, may be released by the action of Ca(OH), and signal
gene expression in pulp cells, which mediates the changes in cell behaviour observed during regeneration. Powdered sound, human
dentine samples were extracted with either 0.02m Ca(OH),, pH 11.7 or 10% EDTA, pH 7.2 ( a control known extractant of bio-active
and other ECM molecules from dentine) over a 14-day period. Extracts were compared for non-collagenous protein (NCP) and
glycosaminoglycan (GAG) content using dye binding assays and protein compositions were analysed by 1D-polyacrylamide gel
electrophoresis (1D-PAGE) and TGF-f1 ELISA. The effects of extracts on TGF-f1, Collagen-1oc and Nestin gene expression were
analysed using semi-quantitative RT-PCR in the dental MDPC-23, OD-21 and fibroblastic Swiss 3T3 cell lines following 24h of
exposure. Ca(OH), solubilised NCPs and GAGs from the dentine ECM, although with a lower yield than the EDTA solution and with
different kinetics. 1D-PAGE analysis demonstrated some differences in profiles for proteins solubilised from dentine by Ca(OH), and
EDTA. Both solutions released TGF-f1 from the dentine with higher concentrations present in the EDTA (1.395+0.036 ng/mg) versus
the Ca(OH), (0.364 +0.012 ng/mg) extract. Notably, both extracts induced similar gene expression profiles in all cell lines. These data
provide a rational explanation for the action of Ca(OH), during pulp capping in which the cellular activities involved in dentine bridge
formation may be mediated through release of growth factors and other bio-active molecules from the dentine by Ca(OH),.
© 2006 Elsevier Ltd. All rights reserved.
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1. Introduction

Calcium hydroxide (Ca(OH),) is one of the most
successful pulp capping materials for inducing repair of
the dentine—pulp complex (dentine bridge formation)
following injury [1], and is still the gold standard treatment
against which new materials are tested [2]. Despite its wide
use in clinical practice for over 60 years [3], the mechanism
of action of Ca(OH), in the induction of reparative
dentinogenesis and dentine bridge formation is still
unclear. Successful treatment with Ca(OH), has been
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attributed to the release of hydroxyl ions [1] raising the
pH of the exposed pulpal tissue. Supplementary to its
bactericidal effects, this increase in pH induces local
necrosis of the exposed pulpal tissue [4]. Thus, the effect
of Ca(OH), has been regarded as the result of chemical
injury, which causes irritation of the vital pulpal tissue
beneath the necrotic layer, stimulating the repair processes
in the pulp in some unknown manner. In addition, it has
also been postulated that the alkaline pH maintained at the
injured/treated region creates favourable conditions for
dentine formation [5] and that localised elevated calcium
ion concentrations increase expression of mineralisation
promoting genes (osteopontin and bone morphogenic
protein-2) in pulp cells [6]. Studies by Davidson and Guo
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Abstract
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fracture and microhardness of radicular dentine. International
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Aim To investigate the effect of medicaments used in
endodontic regeneration on root fracture resistance
and microhardness of radicular dentine.

Methodology The root
premolars (n = 180) were instrumented and random-

canals of mandibular
ized into three treatment groups and an untreated
control group. Each treatment group received either
triple antibiotic paste (TAP), double antibiotic paste
(DAP) or calcium hydroxide paste [Ca(OH),] intraca-
nal medicament. Teeth were kept in saline for 1 week,
1 month or 3 months. After each time-point, 15 teeth
were randomly selected from each group and two root
cylinders were obtained from each tooth. One cylinder
was subjected to a fracture resistance test, and the
other cylinder was used for a microhardness test.
Two-way anova and Tukey's pairwise comparisons
were used for statistical analysis.

Results For the microhardness test, the two-way
interaction between group and time was significant
(P < 0.001). The intracanal application of TAP and
DAP caused significant and continuous decrease in
root dentine microhardness after one (P < 0.05)
and 3 months (P < 0.001), respectively. The three-
month intracanal application of Ca(OH), significantly
increased the microhardness of root dentine
(P < 0.05). The time factor had a significant effect on
fracture resistance (P < 0.001). The three intracanal
medicaments caused significant decreases in fracture
resistance ranging between 19% and 30% after
3-month application compared to 1-week application.
Conclusion In this laboratory study, the 3-month
application of triple antibiotic paste, double antibiotic
paste or calcium hydroxide paste medicaments signifi-
cantly reduced the root fracture resistance of
extracted teeth compared to a 1-week application.
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Introduction

Endodontic regeneration has been introduced as a
treatment option for immature permanent teeth with
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necrotic pulps (Thibodeau 2009, Lenzi & Trope
2012). The technique has been suggested to reduce
the risk of fracture associated with traditional apexifi-
cation procedures by inducing a functional dentino-
pulpal complex that may lead to increased length and
width of fragile immature roots (Jung et al. 2008).
One of the essential elements for a successful
endodontic regeneration protocol is the creation of a
bacteria-free biological environment inside the root
canal space through the use of intracanal antibacterial
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KEY POINTS

e The goal of regenerative endodontics is to regain the vitality and functions of dental pulp-
dentin complex. Dental pulp is the only vascularized tissue in mature, functional teeth in
humans, and maintains homeostasis of the dentin.

e Current root canal therapy ends up with a devitalized tooth, therefore predisposing
endodontically treated teeth to reinfections and fractures. Recent work showing regener-
ation of dental pulp-dentin-like tissues by cell homing that is orchestrated by growth
factor delivery, without cell transplantation, provides one of the tangible pathways toward
clinical translation.

e Growth factors regulate either transplanted cells or endogenously homed cells in dental
pulp—dentin regeneration. Further understanding of the actions of growth factors is pivotal
for dental pulp—dentin regeneration.

INTRODUCTION

Regenerative endodontics aims to restore the vitality and functions of the pulp-dentin
complex that has been lost to trauma or infections (Table 1). Several recent reports
have shown that dental pulp-like tissues can regenerate in vivo following the delivery
of dental or nondental stem/progenitor cells.’=® An alternative approach is to orches-
trate dental pulp—dentin regeneration by the homing of host endogenous cells relies on
growth factor delivery, instead of cell delivery.* Regardless of cell transplantation or
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Regeneration of Dental-Pulp-like Tissue
by Chemotaxis-Induced Cell Homing
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Tooth infections or injuries involving dental pulp are treated routinely by root canal therapy. Endodontically
treated teeth are devitalized, susceptible to re-infections, fractures, and subsequent tooth loss. Here, we report
regeneration of dental-pulp-like tissue by cell homing and without cell transplantation. Upon in vivo implan-
tation of endodontically treated real-size, native human teeth in mouse dorsum for the tested 3 weeks, delivery
of basic fibroblast growth factor and/or vascular endothelial growth factor (bFGF and/or VEGF) yielded re-
cellularized and revascularized connective tissue that integrated to native dentinal wall in root canals. Further,
combined delivery of bFGF, VEGF, or platelet-derived growth factor (PDGF) with a basal set of nerve growth
factor (NGF) and bone morphogenetic protein-7 (BMP7) generated cellularized and vascularized tissues positive
of VEGF antibody staining and apparent neo-dentin formation over the surface of native dentinal wall in some,
but not all, endodontically treated teeth. Newly formed dental pulp tissue appeared dense with disconnected cells
surrounded by extracellular matrix. Erythrocyte-filled blood vessels were present with endothelial-like cell lining.
Reconstructed, multiple microscopic images showed complete fill of dental-pulp-like tissue in the entire root canal
from root apex to pulp chamber with tissue integration to dentinal wall upon delivery of bFGF, VEGF, or PDGF
with a basal set of NGF and BMP7. Quantitative ELISA showed that combinatory delivery of bFGF, VEGF, or
PDGF with basal NGF and BMP7 elaborated von Willerbrand factor, dentin sialoprotein, and NGF. These findings
represent the first demonstration of regenerated dental-pulp-like tissue in endodontically treated root canals
of real-size, native human teeth. The present chemotaxis-based approach has potent cell homing effects for re-
cellularization and revascularization in endodontically treated root canals in vivo, although in an ectopic model.
Regeneration of dental pulp by cell homing, rather than cell delivery, may accelerate clinical translation.

Introduction treatment, potentially leading to posttreatment tooth fracture

and trauma.”* Endodontically treated teeth have lost pulpal

DENTAL PULP IS THE ONLY vascularized dental tissue
encapsulated in highly mineralized structures, includ-
ing dentin, enamel, and cementum, and maintains homeo-
stasis of the tooth as a viable organ.! The overall health of the
tooth is compromised upon dental pulp trauma or infections,
frequently manifested as pulpitis.> A typical endodontic
treatment or root canal therapy for irreversible pulpitis is
pulpectomy, involving pulp extirpation followed by root
canal enlargement and obturation with gutta percha, a
bioinert thermoplastic material®> Despite reported clinical
success, endodontically treated teeth become de-vitalized
and brittle, susceptible to postoperative fracture and other
complications, including re-infections due to coronal leakage
or microleakage.2’3 A substantial amount of tooth structures,
including enamel and dentin, is removed during endodontic

sensation, and are deprived of the ability to detect secondary
infections.>> The complications of current endodontic
treatment are inevitable because of pulp devitalization or the
loss of the tooth’s innate homeostasis and defense mecha-
nisms.

Existing effort in dental pulp regeneration has focused on
cell transplantation (reviews®™). Several reports have docu-
mented regeneration of dental-pulp-like tissue in wvitro or
ectopically by transplantation of dental pulp stem cells.”"!
Deciduous and adult dental pulp stem cells seeded in a self-
assembling peptide-amphiphile hydrogel showed distinctive
behavior: greater proliferative rate for deciduous cells but
greater osteogenic differentiation potential for adult cells.”?
Delivery of collagen scaffolds with dental pulp stem cells
and dentin matrix protein-1 in dentin slices in mice led to

Tissue Engineering and Regenerative Medicine Laboratory (TERML) and 2College of Dental Medicine, Columbia University Medical

Center, New York, New York.
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Abstract

The current external inflammatory root resorption treat-
ment protocol, which uses calcium hydroxide dressing,
usually comprises multiple and long-term applications.
In addition to the need for multiple appointments for
calcium hydroxide replacement, the long-term mainte-
nance of this compound in the root canal weakens
dental structures. A modification of this therapy would
be advisable. In this clinical investigation, 3 patients
with external inflammatory root resorption were submit-
ted to revascularization therapy protocol usually used in
teeth with necrotic pulp and open apices. The teeth
were treated with revascularization therapy protocol,
which consisted of disinfecting the root canal system
with triantibiotic paste, filling it with blood clot, and
sealing of the root canal with mineral trioxide aggregate
and bonded resin restoration. During the follow-up, the
pathologic process was arrested with tissue repair in
pre-existing radiolucent areas. Reduced mobility was
observed in the treated teeth. The 3 cases were followed
up for 30, 18, and 15 months, respectively. All teeth re-
mained asymptomatic and retained function and physi-
ological mobility. The therapy used in the
revascularization procedure was efficient in the treat-
ment of external inflammatory root resorption, reducing
the number of appointments and increasing patient
compliance. (J Endod 2015,41:1560—-1564)

Key Words
Calcium hydroxide, revascularization, root resorption,
trauma, triantibiotic paste

From the*Endodontic Division, Clinical Dentistry Depart-
ment, Fluminense Federal University, Niteroi, Rio de Janeiro,
Brazil; "Proclin Department, School of Dentistry, Rio de Janeiro
State University, Rio de Janeiro, Brazil; and *Microbiology,
Immunology and Parasitology Department, School of Medical
Science, Rio de Janeiro State University, Rio de Janeiro, Brazil.

Address requests for reprints to Dr Luciana M. Sassone,
Boulevard vinte e oito de setembro, 157 Vila Isabel, Rio de Ja-
neiro, RJ, Brazil, Cep 20551-030. E-mail address: Isassone@
uerj.br
0099-2399/$ - see front matter

Copyright © 2015 American Association of Endodontists.
http://dx.doi.org/10.1016/j.joen.2015.03.019

1560

Santiago et al.

Exlemal inflammatory root resorption (EIRR) represents a challenge in endodontic
practice. EIRR commonly occurs after dental trauma that results in periodontal lig-
ament injury, pulp necrosis, and subsequent infection. EIRR develops from an inflam-
matory process established along the root periodontium. It progresses rapidly and can
lead to tooth loss within a few months (1).

Treatment of EIRR is based on disinfecting the root canal system (RCS) by chemo-
mechanical procedures and then filling it with calcium hydroxide (2—4). Depending on
the resorption pattern, calcium hydroxide may remain in the RCS for several months
(2). In most cases, dental trauma occurs in young patients whose teeth are still not fully
formed and have thin dentinal walls and open apices. Over time, the calcium hydroxide
dressing in the RCS weakens the already fragile tooth structure, increasing the likeli-
hood of fractures with consequent tooth loss (5, 6).

Revascularization therapy has proven to be suitable for the treatment of the RCS of
teeth with pulp necrosis and open apices (7—10). The triantibiotic paste used in this
therapy has proven to be effective in RCS disinfection (11-14). After disinfection
according to the revascularization therapy protocol, blood clot formation is induced,
and the canal is subsequently sealed, which provides an intracanal environment
favorable to tissue repair (10).

Because of the aforementioned aspects, the modification of EIRR therapy is advis-
able, along with the replacement of calcium hydroxide as the antimicrobial agent used
(5, 6). Thus, this study aims at evaluating the use of triantibiotic paste and the
revascularization therapy protocol for EIRR treatment.

Case Reports

This study was approved by the CEP-UER]J research ethics committee under pro-
tocol no. 2699, September 2, 2010. After an explanation regarding the procedures to be
performed, the patients’ guardians were asked to sign the informed consent.

Three patients were referred to our endodontic clinic after suffering dental trauma
in the maxillary central incisors and presenting with pulp necrosis, open apices, peri-
apical lesions, and EIRR. After the positive result in the first case, 2 more cases were
undertaken 1 year after the first case began. The cases are presented in sequence ac-
cording to the adopted procedure and evolution.

Initial Clinical Descrintion of Patients

Case 1

A 9-year-old boy suffered trauma to his maxillary central incisors, presenting
dentinal and enamel fracture in both. These teeth did not receive any treatment at
the time the trauma occurred. At the first appointment approximately 12 months after
the trauma, the patient complained of a sinus tract. On clinical examination, the electric
and thermal pulp sensibility tests were negative in both teeth. The teeth were not tender
to percussion or palpation. Pulp necrosis was verified in both teeth. The right maxillary
central incisor (RMCI) had class Il mobility. On radiographic examination, RMCI pre-
sented EIRR in an advanced stage and had been diagnosed with chronic apical abscess.
The left maxillary central incisor (LMCI) had asymptomatic apical periodontitis and
EIRR.

JOE — Volume 41, Number 9, September 2015
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Review of current concepts of
revascularization/revitalization

Tugba Bezgin, Hayriye Sonmez

Faculty of Dentistry, Department of Pediatric
Dentistry, Ankara University, Ankara, Turkey

Abstract — This review focuses on the current concepts on revasculariza-
tion/revitalization therapy. Revascularization/revitalization procedures per-
formed under current protocols have reportedly achieved successful clinical

and radiographical outcomes for immature permanent teeth with non-vital
pulps; however, randomized prospective studies are needed to develop evi-
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dence-based methodologies for regenerative endodontic treatment.

Why is revascularization/revitalization therapy
needed?

Immature permanent teeth may become non-vital,
usually as a result of trauma, caries, or congenital
abnormalities. Apexification treatment has been a
routine procedure to treat and preserve such teeth for
many decades (1-3). Apexification is the process by
which a suitable environment is created within the
root canal and periapical tissue to allow for the for-
mation of a calcific barrier across the open apex. Cal-
cium hydroxide [Ca(OH),] has been the material of
choice for apexification as Frank reported its capacity
to induce physiological closure of immature pulpless
teeth in 1966 (1-4). However, this technique has sev-
eral disadvantages, including the unpredictability of
apical barrier formation and the long duration of
treatment, which often requires multiple visits (4-7).
Complete removal of the paste represents another
challenge, and residual Ca(OH), in the canal has
been shown to interact with zinc oxide-based sealers,
resulting in poor cohesion (8, 9). While Ca(OH),-
releasing gutta-percha points represent an innovate
solution to this problem (10), no solution has been
found to address another important issue related to
Ca(OH),, namely that the hygroscopic and proteolytic
properties of Ca(OH), can cause tooth brittleness as
a result of prolonged exposure (11). These concerns
have led to a modification of the traditional Ca
(OH),-based apexification procedure to achieve imme-
diate obturation of the canal through the introduction
of an artificial barrier of mineral trioxide aggregate
(MTA) (12). MTA apexification reduces treatment
time and results in favorable healing of periradicular
tissue (13-15). In spite of these advantages, the

© 2015 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd
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outcomes of MTA apexification do not vary greatly
from those of Ca(OH), apexification. Thin dentinal
walls still present a clinical problem, and the high
costs associated with MTA and the difficulties in
handling the material to the apical 3-4 mm may
restrict it widespread use (16-18).

For immature teeth with non-vital pulps, the use of
revascularization/revitalization techniques to induce
apexogenesis and thus tissue regeneration, rather than
tissue replacement using artificial substitutes, repre-
sents a relatively new treatment modality (17, 19).
Revascularization/revitalization treatment is based on
the theory that in the absence of bacteria and in the
presence of an appropriate three-dimensional scaffold
and stem/progenitor cells inside the root canal space,
and with creation of a bacteria-tight seal, tissue repair
can occur as in devitalized, uninfected, avulsed, imma-
ture permanent teeth (20, 21). Hypothetically, the
close proximity of apical papilla stem cells (SCAP) to
the periodontal blood supply may allow them to sur-
vive apical infection to form odontoblast-like, dentin-
producing cells (22). Such biologically based treatment
approaches could be of particular value in treating
necrotic, immature permanent teeth in terms of restor-
ing root development, and reinforcing dentinal walls
to increase the likelihood of long-term tooth retention
(17, 19).

According to Murray et al. (22), revascularization/
revitalization is a technically simple, inexpensive proce-
dure that is suited to currently available instruments
and medicaments. A retrospective study by Jeru-
phuaan et al. (23) has shown a higher survival rate
with regenerative endodontic treatment when com-
pared to both MTA and Ca(OH), apexification. In
addition, revascularization/revitalization technique has
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Scaffolds in Regenerative Endodontic Treatment:
A Prospective Randomized Trial
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Abstract

Introduction: Regenerative endodontic procedures
(REPs) using autologous platelet concentrates as scaf-
folds can improve the biologic outcome of treatment.
This prospective, randomized trial compared the clinical
and radiographic performance of REPs using platelet-
rich plasma (PRP), platelet-rich fibrin (PRF), a platelet
pellet (PP), and an induced blot clot (BC). Methods:
Sixty-seven healthy children (aged 8-11 years) with 88
immature necrotic incisors were included. After the
root canal disinfection step, the teeth were randomly as-
signed into 1 of the following groups (n = 22/group) ac-
cording to the scaffold used: PRP, PRF, PP, and BC. In the
PRP, PRF, and PP groups, the platelet concentrates were
introduced into the root canal without prior induction of
apical bleeding. Treatment outcomes were assessed us-
ing a combined clinical and radiographic scoring system,
whereas the changes in root dimensions were compared
using linear measurements of root length and width
with Image) (National Institutes of Health, Bethesda,
MD) and Turboreg (Biomedical Imaging Group, Swiss
Federal Institute of Technology, Lausanne, Switzerland)
and planar measurements using the radiographic root
area (RRA) and radiographic canal area (RCA) tech-
niques. One-way analysis of variance, the Duncan mul-
tiple range test, the Kruskal-Wallis test, the Mann-
Whitney U test, and chi-square dependency tests were
used for statistical analysis of data (all P =.05). Results:
Except for 2 teeth in the PRF and BC groups, all teeth
showed similar and high success scores (periapical heal-
ing, radiographic root development, and positive
response to sensitivity tests) after an average follow-
up time of 28.25 &+ 1.2 months. Of all teeth, 73.9%
showed complete apical closure with similar closure
rates among groups (P > .05) and a greater tendency

for conical-shaped apical closure than a blunt apex. Although linear measurements indi-
cated a similar increase in root length and width among all groups (P > .05), the RRA of
the BC group was significantly greater than those of the PRF and PP groups, and the
RCA of the BC group was significantly greater than PRP, PRF, and PP (all P < .05)
when the follow-up time was not used as a factor. Eighty-six percent of the teeth
showed a positive response to sensitivity tests with similar initial response times
(P> .05). Conclusions: PRP, PRF, and PP can yield similar clinical and radiographic out-
comes to BC without the need for prior apical bleeding and with significantly less ten-
dency for root canal obliteration. RRA and RCA may reveal minor differences that
cannot be determined by linear measurements. (J Endod 2019; l:1-7)

Key Words
Clinical outcomes, image analysis, platelet-rich fibrin, platelet-rich plasma, regenerative
endodontics, revascularization, revitalization

Significance
PRP, PRF, and PP can be useful alternatives to BC

both in the presence and absence of apical
bleeding.

n the last decade, the

endodontic  profession
has witnessed a remark-
able shift toward biologi-
cally based treatment
strategies that aim to pro-
mote revitalization and root development in necrotic immature permanent teeth (1).
Although current regenerative endodontic procedures (REPs) cannot restore the phys-
iological structure and function, they can promote the formation of new vascularized
tissue in the canal space, a guided endodontic repair process that results in continued
root development, and complete resolution of apical periodontitis (2). With such clin-
ical and radiographic outcomes, REPs may be considered first treatment options for
immature teeth with pulpal necrosis (3).

Current REPs commonly use provoked apical bleeding into the pulp space as a
possible source of stem cells and also for creating a blood clot (BC) that would act
as a biologic scaffold (4). However, failure to induce apical bleeding or to achieve
adequate blood volume within the canal space remains a common problem (5-7).
Although transferring some blood volume from other root canals may offer a
practical solution in molars (5, 6), this method cannot be used in single-rooted teeth.

From the *Department of Pediatric Dentistry, Ondokuz Mayis Univesity, Faculty of Dentistry, Samsun, Turkey; *Rize Oral and Dental Health Center, Rize, Turkey;
*Department of Pediatric Dentistry, Istanbul Okan University, Faculty of Dentistry, Istanbul, Turkey; SDepartment of Pediatric Dentistry, Hacettepe Univesity, Faculty
of Dentistry, Ankara, Turkey; and 'Department of Pediatric Dentistry, Louisiana State University Health Sciences Center, New Orleans, Louisiana.

Address requests for reprints to Dr Ayca Tuba Ulusoy, Ondokuz Mayis University, Faculty of Dentistry, Department of Pediatric Dentistry, Kurupelit 55139, Samsun,

Turkey. E-mail address: aycaulusoy@yahoo.com
0099-2399/$ - see front matter

Copyright © 2019 American Association of Endodontists.
https://doi.org/10.1016/j.joen.2019.02.002

JOE — Volume I, Number I, H 2019

BC, PRP, PRF, and PP as Scaffolds in Regenerative Endodontic Treatment 1

91



43,

Case Report/Clinical Technigques

Histologic Observation of a Human Immature
Permanent Tooth with Irreversible Pulpitis after
Revascularization/Regeneration Procedure

Emi Shimizu, DDS, PhD,* George Jong, DDS,* Nicola Partridge, PbD, Paul A. Rosenberg, DDS,*

and Louis M. Lin, BDS, DMD, PhD*

Abstract

Introduction: Histological studies of immature human
permanent necrotic teeth with or without apical perio-
dontitis after revascularization have not been reported.
This case report describes the histological findings of
tissue formed in the canal space of an immature perma-
nent tooth #9 with irreversible pulpitis without apical
periodontitis after revascularization. Methods: An
immature human permanent tooth #9 was fractured
3.5 weeks after revascularization and could not be re-
tained. The tooth was extracted and prepared for
routine histological and immunohistochemical evalua-
tion in order to examine the nature of tissue formed in
the root canal following the revascularization procedure.
Results: At 3.5 weeks after revascularization, more
than one half of the canal was filled with loose connec-
tive tissue similar to the pulp tissue. A layer of flattened
odontoblast-like cells lined along the predentin. Layers
of epithelial-like cells, similar to the Hertwig's epithelial
root sheath, surrounded the root apex. No hard tissue
was formed in the canal. Conclusions: Based on the
histological findings in the present case, regeneration
of pulp-like tissue is possible after revascularization. In
this case, both the apical papilla and the Hertwig's
epithelial root sheath survived in an immature perma-
nent tooth despite irreversible pulpitis but without
apical periodontitis. (J Endod 2012;38:1293-1297)

Key Words
Immature permanent tooth, irreversible pulpitis, pulp-
like tissue regeneration, revascularization
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waya et al (1) showed that 2 human immature permanent tooth with necrotic pulp

and apical periodontitis/abscess after a revascularization procedure could induce
increased thickening of the canal walls and continued root development. Since
then, many similar cases have been reported (2-5). Radiographically, in some
cases, revascularized human immature permanent teeth appear to show continued
development as evidenced by the deposition of hard tissue on the canal walls and
continued root development. Therefore, the revascularization of human immature
permanent teeth with necrotic pulp and apical periodontitis/abscess has been
considered to be a regenerative process (2—6). Regeneration is defined as the
replacement of damaged tissue by the same parenchymal cells (7). However, regen-
eration is a histologic observation and cannot be determined radiographically. The
nature of the tissue formed in the canal space in human revascularized immature
permanent teeth with apical periodontitis is speculative because no histologic studies
are available.

Currently, the available animal studies of immature teeth with pulp necrosis and
apical periodontitis after revascularization procedures show that the tissues formed in
the canal space are cementoid or osteoid tissue and periodontal ligament-like tissue
(8-11). However, no studies have investigated the nature of the tissue present in
immature teeth with irreversible pulpitis with normal periapical tissues after
a revascularization/regeneration procedure in animals or humans. The purpose of
this case report is to describe the histologic observation of a human immature
permanent tooth clinically diagnosed as having irreversible pulpitis with normal
periapical tissues after a revascularization/regeneration procedure. To our
knowledge, this is the first histologic observation of a human revascularized
immature permanent tooth with irreversible pulpitis.

Materials and Methods

A 10-year-old boy was referred from the Postgraduate Pediatric Clinic at New York
University College of Dentistry to the Postgraduate Endodontic Clinic for the treatment of
tooth #9. The child had a traumatic injury to his maxilla, which caused an uncompli-
cated crown fracture of tooth #8 and a complicated crown fracture with pulp exposure
of tooth #9. The coronal one half of the crown of tooth #9 was horizontally fractured.
According to the patient’s mother, the general dentist removed part of the pulp, placed
medication inside tooth #9, and advised the mother to bring the child to New York
University College of Dentistry for further treatment. The patient and his mother visited
the Postgraduate Pediatric Clinic approximately 1 month after treatment by the general
dentist.

Pulp sensibility tests with Endo-Ice (Coltene/Whaledent Inc, Cuyahoga, OH),
heated gutta-percha, and electric current with the Vitality Scanner (SybronEndo, Glen-
dora, CA) of teeth #8, #9, and #10 were conducted in the Postgraduate Endodontic
Clinic. Teeth #8 and #10 responded to heated gutta-percha, Endo-Ice, and electric
current within normal limits and were not sensitive to palpation or percussion.
The crown of tooth #9 had an Intermediate Restorative Material (Dentsply Internation,
Milford, DE) restoration. It was asymptomatic and responded erratically to pulp sensi-
bility tests because the patient was apprehensive and perhaps also because of the
attempt at pulp therapy performed by the general dentist. The tooth had a large canal
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Case Report/Clinical Technigques

Histologic Findings of a Human Immature
Revascularized/Regenerated Tooth with
Symptomatic Irreversible Pulpitis

Chufang Peng, DDS, Yuming Zbao, PbD, DDS, Wenjun Wang, PbD, Yuan Yang, DDDS,
Man Qin, PbD, DDS, and Libong Ge, PbhD, DDS

Abstract

Introduction: Pulp revascularization/regeneration in
immature permanent teeth with necrotic pulp and/or
apical periodontitis is an effective approach for inducing
root maturation. Previous histologic studies showed ce-
mentoid/osteoid tissue and/or periodontal ligament-like
tissue formed within the root canals. This case report
describes the histologic findings of a human symptom-
atic irreversible pulpitis immature permanent tooth
with most of the pulp removed after a revasculariza-
tion/regeneration procedure. Methods: A human
immature permanent mandibular premolar (tooth #29)
was diagnosed as symptomatic irreversible pulpitis
with symptomatic apical periodontitis at the emergency
department. Most of the pulp was removed. The tooth
was treated with revascularization/regeneration.
Results: At the 12-month recall, the radiographic
examination revealed thickening of the root canal
wall, narrowing of the root apex, and lengthening of
the root. The tooth was extracted at 12 months for or-
thodontic treatment. The specimens were processed
for histologic examination. Histologically, the apical
third of the root canal was filled with newly formed den-
tinlike and pulplike tissue. There was a layer of flattened
odontoblastlike cells lining the dentinal wall. In the mid-
portion of the root canal, the newly formed dentinlike
tissue gradually changed to cementumlike tissue. In
the upper third of the root canal, there was a presence
of cementocytelike cells housed in the lacunae of ce-
mentumlike tissue around the loose connective tissue.
Conclusions: In the present case, regeneration of the
pulplike tissue and the periodontium existed after a
revascularization/regeneration procedure in an imma-
ture permanent tooth clinically diagnosed as symptom-
atic irreversible pulpitis. (J Endod 2017; Il :1-5)

Key Words
Immature permanent teeth, irreversible pulpitis, regen-
eration, revascularization

he management of

immature permanent
teeth with necrotic pulp
is a challenging task for
dental professionals. The
young pulpless tooth with
an open apex frequently
has thin, fragile walls,
which make it difficult to
debride adequately and obtain the necessary apical seal using conventional endodontic
treatment methods. Calcium hydroxide—based apexification and mineral trioxide aggre-
gate apexification are usually used for these cases. However, neither treatment can solve
the problem of the cessation of root development and the subsequent thin and fragile
root canal wall (1, 2).

A novel treatment of revascularization/regeneration of immature nonvital teeth was
introduced by Iwaya et al (3) and Banchs and Trope (4). They showed that 2 human
necrotic immature permanent tooth after a revascularization/regeneration procedure
could achieve increased thickening of the canal walls and continued root development.
Since then, many successful cases have been reported (5-8). Radiographically,
revascularized human immature permanent teeth had apical closure, root length
increasing, and canal wall thickening and gave the impression that a normal,
functional pulp had regenerated. However, animal histologic studies of revascularized
teeth showed that the new tissue growing in the pulp space was cementoid/osteoid
tissue and/or periodontal ligament-like tissue (9—14) regardless of the presence or
absence of apical lesion, with or without the introduction of stem cells and scaffold.
Almost all human studies of immature teeth with pulp necrosis and apical
periodontitis after a revascularization/regeneration procedure showed that the tissues
formed in the canal space were similar to the animal studies (15-18), except
Torabinejad and Faras (19) in which pulplike tissue was observed in a revitalized tooth.

In an irreversible pulpitis tooth with normal periapical tissues, which was treated
with revascularization/regeneration after a deep pulpotomy or a partial pulpectomy, the
canal was filled with loose connective tissue similar to the pulp tissue (20). Based on the
histologic findings in the case, regeneration of pulplike tissue is possible after a revas-
cularization/regeneration procedure.

This case report describes the histologic observation of a human immature per-
manent tooth clinically diagnosed as symptomatic irreversible pulpitis after a revascu-
larization/regeneration procedure.

This case report presents histologic findings of an
immature permanent tooth with irreversible pulpitis
after pulp revascularization, which is valuable to
help clinicians understand the results of pulp
revascularization and optimize the revasculariza-
tion procedure accordingly.

From the Department of Pediatric Dentistry, Peking University School and Hospital of Stomatology, Beijing, China.
Address requests for reprints to Dr Yuming Zhao, Department of Pediatric Dentistry, Peking University School and Hospital of Stomatology, 22 Zhongguancun
Nandajie, Haidian District, Beijing 100081, PR China. E-mail address: yumingzhao70@sina.com
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Revascularization of an immature permanent
tooth with apical periodontitis and sinus tract

Iwaya S, Ikawa M, Kubota M. Revascularization of an immature
permanent tooth with apical periodontitis and sinus tract. Dent
Traumatol 2001; 17: 185-187. © Munksgaard, 2001.

Abstract — A necrotic immature mandibular second premolar with
periapical involvement in a 13-ycar-old patient was treated. Instead
of the standard root canal treatment protocol and apexification,
antimicrobial agents were used in the canal, after which the canal
was left empty. Radiographic examination showed the start of api-
cal closure 5 months after the completion of the antimicrobial
protocol. Thickening of the canal wall and complete apical closure
was confirmed 30 months after the treatment, indicating the re-
vascularization potential of a young permanent tooth pulp into a

bacteria-free root canal space.

In the avulsed immature tooth with an open apex,
revascularization is the most desirable healing re-
sponse because the tooth continues to develop to form
strong root dentin. In the infected immature tooth
with periapical involvement, pulp revascularization
has been considered impossible due to the presence
of bacteria in the root canal space and the lack of vital
pulp progenitor cells necessary for the proliferation of
pulpal tissue. Such a tooth receives an apexification
procedure, because revascularization of the pulp
chamber is not expected. Apexification induces
further development of an apex to close the foramina,
but does not promote the thickness of the entire canal
wall dentin. A tooth with this kind of thin root dentin
and large canal lumen is prone to fracture (1).
Theoretically, when an extremely large communi-
cation from the pulp space to the periapical tissues
exists, as with a very young tooth, it may be possible
for periapical disease to be present when the pulp is
only partially necrotic and infected. Vital pulp may
still be present in the most apical part of the canal. If
this were the case, successful removal and disinfection
of the necrotic infected coronal pulp would still leave
vital pulpal cells with the potential to proliferate new
pulp into the coronal pulp space. Thus obturation of
the root canal space, temporarily with a medicament
or with gutta-percha, would remove the possibility for
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revascularization to occur and thus be counterpro-
ductive.

In this case report, we treated an immature man-
dibular second premolar with an intraoral sinus tract.
Instead of the standard root canal treatment and
apexification, the root canal was not mechanically
cleaned to the apex but copious irrigation and anti-
microbial agents were used in the canal. Thus ne-
crotic and infected pulp was removed coronally, leav-
ing residual pulp tissue apically in the canal to pro-
mote revascularization. The tooth responded to the
treatment as hoped and continued root development
and apical closure were confirmed.

Case report

The patient was a 13-year-old female. She had a his-
tory of swelling of the right mandibular buccal vesti-
bule for which she received an incision for drainage
at a nearby dental office in the summer of 1995. Be-
cause the periapical symptoms and swelling returned
after some time, she visited Tohoku Welfare Hospital
for advanced treatment in January 1996. A sinus tract
was found apically on the mesiobuccal aspect of the
right mandibular first molar (Fig. 1). The premolars
and molars were free of caries, but fracture of the
central cusp of the second premolar was noted on

185



46.

PEDIATRIC DENTISTRY V29/NO1 |AN | FEB 07

Case Report

Pulp Revascularization of a Necrotic Infected Immature Permanent Tooth: Case
Report and Review of the Literature
Blayne Thibodeau, DMD, MS' + Martin Trope DMD?

Abstract: The purpose of this report was to present the case of a patient wherein revascularization of the necrotic infected pulp space of an immature permanent
maxillary central incisor tooth wos induced in vivo by stimulation of a blood clot from the periapical tissues into the canal space. This was achieved after disinfection
of the canal space with a topical antibiotic puste followed by a bleod clot scaffold induced from the periapical tissues. This treatment approach offers clinicians great
potential to avoid the need for traditional apexification with calcium hydroxide or the need to achieve an artificial apical barrier with mineral trioxide aggreqate.

Furthermore, this treatment approach can help rescue infected immature teeth by physiologically strengthening the root walls. (Pediatr Dent 2007:29:47-50)

KEYWORDS: PULP REVASCULARIZATION, PULP THERAPY, APEXIFICATION

Pulpal necrosis of an immature tooth secondary to caries or
trauma poses many potential complications. The traditional
techniques of chemomechanical instrumentation and dis-
infection of the root canal system used in mature teeth are
limited by the anatomy of the immature tooth. It is difficult
to instrument immature canal spaces with conventional
endodontic techniques. The open apex is difficult or impos-
sible to seal with conventional root filling methods because
of the absence of an apical stop. Furthermore, the arrested
development of the dentinal walls at the time of pulp ne-
crosis leaves a weak tooth with thin dentinal walls that are
susceptible to fracture. Root reinforcement techniques for
immature, thin-walled teeth are available. They can make
root canal re-treatment difficult or even impossible, how-
ever, if the need arises in the future.’ Finally, the traditional
treatment of immature teeth with necrotic pulps and api-
cal periodontitis involves long-term application of Ca(OH).
(calcium hydroxide) to induce apexification. Andreasen and
others have shown that long-term Ca(OH), treatment may
leave the tooth even weaker and more susceptible to fracture,
emphasizing the need for an improved treatment technique.*

'Dr. Thibodeau is lyan ist in private practice in Hamilton and St. Catha~
runes, Ontario, Canada, and was formerly o resident in the Department of Endodontics,
University of North Carolina School of Dentistry, Chapel Hill, NC: and *Dr. Trope is JB
Freedland Professor, Department of Endodonties, University of North Carolina School

of Dentistry.

Gorrespond with Dr. Thibedeau at blaynethibodeau@gmail.com
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Studiesontraumaticinjuriestoimmatureteethshowpro-
mise for revascularization of the root canal system.*+ Under
such a scenario, the uninfected necrotic pulp may act as a
scaffold for the ingrowth of new tissue. The key factor for the
success of this process in necrotic, infected, immature teeth
is disinfection of the root canal system, since it is theorized
to be essential to create an environment conducive to revas-
cularization of the root canal system.5*

Various combinations of topical antibiotics have the
ability to disinfect carious dentin and necrotic, infected root
canals. One combination that is effective against the bacte-
ria commonly found in infected root canals is the use of: (1)
ciprofloxacin; (2) metronidazole; and (3) cefaclor.” By appli-
cation of a treatment protocol using this combination, it is
expected that necrotic infected immature teeth can be ren-
dered to the same starting point as avulsed immature teeth
with necrotic but uninfected pulps (ie, a severed vascular
supply secondary to avulsion). If this approach is successful,
revascularization of the pulp space may be a predictable out-
come in disinfected, necrotic, immature teeth.

Abacteria-free canal is a prerequisite for tissue regener-
ation, but tissue will not grow into an empty space.*? Rather,
a scaffold is essential to aid the ingrowth of new tissue into
the canal space. Induction of a blood clot, with its constitu-
ent growth and differentiation factors'*' from the periapical
tissues, may act as a scaffold for the ingrowth of new tissue
inthe disinfected necrotic immature tooth—not unlike unin-
fected necrotic pulp does in an avulsion scenario. The blood
clot consists of cross-linked fibrin. It serves as a pathway for
the migration of cells, including macrophages and fibro-
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Regenerative Treatment of an Immature, Traumatized
Tooth With Apical Periodontitis: Report of a Case

Elisabetta Cotti, DDS, MS, Manuela Mereu, DDS, and Daniela Lusso, DDS

Abstract

This case report describes the treatment of a necrotic
immature permanent central incisor with complete
crown fracture, suspected root fracture, and sinus tract,
which was not treated with conventional apexification
techniques. Instead, a regenerative approach based on
the trauma literature’s methods for revascularization
was provided. The root canal was gently debrided of
necrotic tissue with a sharp spoon excavator and irri-
gated for only one third of its length with NaOCl and
then medicated with calcium hydroxide. After 15 days
the sinus tract had healed, and the tooth was asymp-
tomatic. The tooth was accessed, calcium hydroxide
was removed, bleeding was stimulated to form an
intracanal blood clot, and mineral trioxide aggregate
was placed coronally to the blood clot. After 8 months,
a coronal calcified barrier was radiographically evident
and accompanied with progressive thickening of the
root wall and apical closure. Two and a half years after
treatment was initiated, the tooth remained asymptom-
atic, and the sinus tract had not reappeared. The pro-
gressive increase in the thickness of the dentinal walls
and subsequent apical development suggest that ap-
propriate biologic responses can occur with this type of
treatment of the necrotic immature permanent tooth
with sinus tract. (J Endod 2008;34:611-616)

Key Words
Apical periodontitis, open apex, regeneration, revascu-
larization
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he traumatic injury of an immature permanent tooth can lead to the loss of pulp

vitality and arrested root development. The consequences of interrupted develop-
ment include a poor crown-root ratio, a root with very thin walls, an increased risk of
fracture, and an apex that is open. The traditional endodontic management of such
cases typically includes debriding the root canal, disinfecting the space, and final ob-
turation of the system preceded either by an apexification procedure or by developing
an apical barrier by using materials such as mineral trioxide aggregate (MTA) (1—4).

The apexification clinical procedure, which consists of applying calcium hydrox-
ide as an intracanal medication to induce an apical closure over time, has a certain
predictability of success (1-3). Its disadvantages are the necessity of multiple visits
during a relatively long period of time (an average of 12 months) and the fact that there
is no expectation that the root canal walls will be strengthened (3, 5).

An alternative to traditional apexification is to place an artificial barrier at the apex
to prevent the extrusion of filling materials during obturation. The material of choice is
MTA for its sealing ability and its biocompatibility (4). This latest technique is conve-
nient because it is faster than the traditional apexification. The case can be finalized
within 2 appointments, and a hard tissue barrier eventually forms against the MTA (4).
However, even this alternative approach has the same disadvantage of a tooth with thin
dentinal walls and no further root development.

The ideal treatment to obtain further root development and thickening of dentinal
walls in an immature tooth with apical periodontitis would be to stimulate the regen-
eration of a functional pulp-dentin complex (6—8). This outcome has been observed
after reimplantation in avulsed immature permanent teeth (9). It has been proposed
that reimplantation of the tooth with an open apex permits coronal proliferation of
tissue, leading to replacement of the necrotized pulp and subsequent continued devel-
opment of the root (9). Although the histologic identity of this pulp-like tissue is
generally unknown, radiographic presentation often includes progressive thickening of
the dentinal walls and apical closure. Some reports, mostly published in recent years,
have shown that even the immature permanent tooth with nonvital pulp and apical
periodontitis can undergo pulp regeneration or revascularization (6—8). Because the
term regeneration is based on clinical and radiographic outcomes and not histologic
or biochemically based assessments, one can only make a clinically functional inter-
pretation of the healing process. It is not known whether a complete pulp-dentin
complex has been regenerated. However, once the regeneration protocol is completed,
these teeth can continue to develop, with the radiographic presentation of full tooth
development and the clinical presentation of an asymptomatic functional tooth.

The typical revascularization protocol advocates that the immature tooth, diag-
nosed with apical periodontitis (7), should be accessed and irrigated with either 5%
NaOCl + 3% H,0, (7) or 5.25% NaOCl (8) and PeridexIM (Procter & Gamble,
Cincinnati, OH) (6). An antimicrobial agent (either an antibiotic such as metronidazole +
ciprofloxacin (7) or ciprofloxacin+ metronidazole+ minocycline (6) or Ca (OH)2
(8)) should be then applied into the root canal system, and the access cavity is sealed.
After an average of 3 weeks, in the absence of symptoms, the tooth is re-entered, the
tissue is irritated until bleeding is started and a blood clot produced, and then MTA is
placed over the blood clot (6), and the access is sealed. Within the next 2 years a gradual
increase in root development can be observed (6—8).

In the present case report, we describe the use of this protocol to stimulate the
continued root development in a case of trauma-induced necrosis and sinus tract of an
immature permanent central incisor.
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Biologically Based Treatment of Immature Permanent
Teeth with Pulpal Necrosis: A Case Series

1l-Young Jung, DDS, MS,* Seung-Jong Lee, DDS, MS,* and Kenneth M. Hargreaves, DDS, pbD”

Abstract

This case series reports the outcomes of 8 patients
(ages 9-14 years) who presented with 9 immature
permanent teeth with pulpal necrosis and apical peri-
odontitis. During treatment, 5 of the teeth were found
to have at least some residual vital tissue remaining in
the root canal systems. After NaOCl irrigation and
medication with ciprofloxacin, metronidazole, and mi-
nocycline, these teeth were sealed with mineral trioxide
aggregate and restored. The other group of 4 teeth had
no evidence of any residual vital pulp tissue. This
second group of teeth was treated with NaOCl irriga-
tion and medicated with ciprofloxacin, metronidazole,
and minocycline followed by a revascularization proce-
dure adopted from the trauma literature (bleeding
evoked to form an intracanal blood clot). In both groups
of patients, there was evidence of satisfactory postop-
erative clinical outcomes (1-5 years); the patients were
asymptomatic, no sinus tracts were evident, apical
periodontitis was resolved, and there was radiographic
evidence of continuing thickness of dentinal walls, api-
cal closure, or increased root length. (J Endod 2008;34:
876-887)

Key Words
Endodontics, immature permanent tooth, open apex,
regenerative, revascularization, stem cell
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Ithough contemporary nonsurgical endodontic procedures confer high degrees of

clinical success (1, 2), the root canal system is obturated with synthetic materials,
preventing any of the advantages that might ensue by regeneration of a functional
pulp-dentin complex (3). This is a particular problem when treating the necrotic but
immature permanent tooth, where conventional treatment often leads to resolution of
apical periodontitis, but the tooth remains susceptible to fracture (4) as a result of
interruption of apical and dentinal wall development. Thus, one alternative approach
would be to develop and validate biologically based endodontic procedures designed to
restore a functional pulp-dentin complex.

For more than 50 years, clinicians have evaluated biologically based methods to
restore a functional pulp-dentin complex in teeth with necrotic root canal systems
caused primarily by trauma or caries. Although case series from the 1960s—1970s in
general were not successful in producing this outcome (5, 6), it should be appreciated
that they were performed without contemporary instruments or materials and without
insight generated from the trauma or tissue engineering fields (7). More recent case
reports, published during the last 15 years, have demonstrated that it is possible in
humans to restore a functional pulp-dentin complex in the necrotic immature perma-
nent tooth (8—13). Human histologic studies have not yet been reported, so it is not
known whether these treatments truly recapitulate the normal pulp-dentin complex.
However, these case studies provide some measure of achieving satisfactory functional
outcomes, because postoperative recalls indicate that the patient is asymptomatic, no
sinus tracts are present, apical periodontitis is resolved, and there is radiographic
evidence of continuing thickness of dentinal walls, apical closure, or development of
root length.

Although case series do not provide definitive evidence to support a given treat-
ment modality, they do have the advantage of being conducted in actual patients and thus
provide greater insight than preclinical studies. Moreover, the results from case series
can be used to identify potentially important parameters that can guide the design of
future prospective clinical trials. For example, in nearly all published case series on
pulpal regeneration, an effort was made to evoke an intracanal blood clot to trigger
tissue ingrowth. In this case series, we report conditions in which it was not necessary
to evoke intracanal bleeding to have continued root development.

Pulp Regeneration without Formation of a Blood Clot

Case 1

A 10-year-old girl was referred to the Department of Conservative Dentistry of the
Dental Hospital of Yonsei University by an oral and maxillofacial surgeon for evaluation
on the right second mandibular premolar (tooth #29). The girl had a history of swelling
of the right mandibular buccal vestibule, for which she received an incision for drainage
procedure at the Department of Oral and Maxillofacial Surgery 2 months earlier. On
clinical examination, the patient was slightly symptomatic to percussion, and a sinus
tract was present that traced to the apex of tooth #29. The first and second premolars
were free of caries, but a fracture of an occlusal tubercle of tooth #29 was noted on
visual inspection. Periodontal probings were within normal limits for all teeth in the
lower right region. Diagnostic testing was inconclusive on cold and electric pulp testing,
but the patient reported sensitivity to percussion or palpation. Periradicular radio-
graphic examination revealed that tooth #29 had an incompletely developed apex and
a periradicular radiolucency (Fig. 14). The diagnosis of pulp necrosis and chronic
apical abscess with a sinus tract was made for tooth #29.
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Case Report: Pul||1> Revascularization of a Necrotic, Infected, Immature,

Permanent Toot
Blayne Thibodeau, DMD, MS

Abstract: The purpose of this report is to present the case of a patient wherein revascularization of the necrotic infected pulp space of an imma-
ture permanent maxillary central incisor tooth was induced in vivo by stimulation of a blood clot from the periapical tissues into the canal space.
This was achieved after disinfecting the canal space with @ topical antibiotic paste followed by inducing a blood clot scaffold from the periapical
tissues. This treatment approach offers great potential to avoid the need for traditional apexification with calcium hydroxide or the need to achieve
an artificial apical barrier with mineral trioxide aggregate. Furthermore, this treatment approach can help rescue infected immature teeth by phy-

siologically strengthening the root walls. (Pediatr Dent 2009;31:145-8)

KEYWORDS: PULP REVASCULARIZATION, PULP THERAPY, APEXIFICATION

Pulpal necrosis of an immature permanent tooth secondary
to caries or trauma poses many potential complications. The
traditional techniques of chemomechanical instrumentation
and disinfection of the root canal system used in mature teeth
are limited by the immature tooth’s anatomy. It is difficult to
instrument immature canal spaces with conventional endo-
dontic techniques. The open apex is difficult or impossible
to seal with conventional root filling methods because of the
absence of an apical stop. Furthermore, the arrested develop-
ment of the dentinal walls at the time of pulp necrosis leaves
a weak tooth with thin dentinal walls that are susceptible to
fracture.

Root reinforcement techniques for immature, thin-
walled teeth are available; however, they can make root canal
recreatment difficult or even impossible if the need arises in
the future.’ Finally, the traditional treatment of immature
teeth with necrotic pulps and apical periodontitis involves
long-term application of calcium hydroxide (Ca[OH],) to
induce apexification. Andreasen and others have shown that
long-term Ca(OH), treatment may leave the tooth even weaker
and more susceptible to fracture, thus emphasizing the need
for an improved treatment technique.”

Studies on traumatic injuries to immature teeth show
promise for revascularization of the root canal system.’* Under
this scenario, the uninfected necrotic pulp may act as a scaffold

Dr. Thibodeau is an endodontist in Saskatoon. and part time faculty member, University
of Saskatchewan, College of Dentistry, Saskatoon, Saskatchewan, Canada.
Correspond with Dr. Thibodeau at blay

hibod il.com
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for the in-growth of new tissue. The key factor for the success
of this process in necrotic, infected, immature teeth is dis-
infection of the root canal system, since it is theorized to be
essential to create an environment conducive to revasculari-
zation of the root canal system.>®

Various combinations of topical antibiotics have the
ability to disinfect carious dentin and necrotic, infected root
canals. One combination that is effective against the bacteria
commonly found in infected root canals is the use of cipro-
floxacin, metronidazole, and cefaclor.” Using this combination,
it is expected that necrotic, infected, immature teeth can be
returned to the same starting point as avulsed immature teeth
with necrotic but uninfected pulps (ie, a severed vascular
supply secondary to avulsion). If this treatment approach
were successful, revascularization of the pulp space may be a
predictable outcome in disinfected, necrotic, immature teeth.

A bacteria-free canal is a prerequisite for tissue regenera-
tion, but tissue will not grow into an empty space.*’ Rather,
a scaffold is essential to aid the in-growth of new tissue into
the canal space. Induction of a blood clot, with its constituent
growth and differentiation factors'!" from the periapical
tissues, may act as a scaffold for the in-growth of new tissue
in the disinfected necrotic immature tooth. This is similar to
uninfected necrotic pulp in an avulsion scenario. The blood
clot consists of cross-linked fibrin. It serves as a pathway
for the migration of cells,'*"* including macrophages and
fibroblasts from the periapical area. However, a blood clot
consists of more than an inactive scaffold. Its cells contain
many growth and differentiation factors important in the
wound healing process.'”!"'* Human periapical granulation
tissue also contains osteogenic cells.'
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CASE REPORT

Pulp revascularization of necrotic
bilateral bicuspids using a modified
novel technique to eliminate potential
coronal discolouration: a case report
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Abstract

Reynolds K, Johnson JD, Cohenca N. Pulp revascularization of necrotic bilateral bicuspids using
a modified novel technique to eliminate potential coronal discolouration: a case report. International
Endodontic Journal, 42, 84-92, 2009.

Aim To present a case report in which the pulp of two bilateral mandibular premolars with
dens evaginatus were revascularized using a modified novel technique to avoid undesired
crown discolouration.

Summary Recently, regeneration of necrotic pulps has become an alternative conser-
vative treatment option for young permanent teeth with immature roots and is a subject of
great interest in the field of endodontics. This novel procedure exploits the full potential of
the pulp for dentine deposition and produces a stronger mature root that is better able to
withstand the forces than can result in fracture. However, the current protocol has
potential clinical and biological complications. Amongst them, crown discolouration,
development of resistant bacterial strains and allergic reaction to the intracanal
medication. In the case presented, a modified technique to avoid undesired crown
discolouration was applied sealing the dentinal tubules of the chamber, thus avoiding any
contact between the tri-antibiotic paste and the dentinal walls.

Key learning points

e Sealing the dentinal tubules of the chamber prevents the undesirable crown discolour-
ation produced by tri-antibiotic medication whilst maintaining the revascularization
potential of the pulp.

e Further research is warranted to seek an alternative infection control protocol capable of
preventing possible allergic reactions and development of resistant strains of bacteria, as
well as a biological material capable of inducing angiogenesis and allow a more predictable
scaffold and tissue regeneration.

Correspondence: Dr Nestor Cohenca, Department of Endodontics, University of Washington,
POB 357448, Seattle, WA 98195 7448, USA (Tel.: 1 206 543 5044; fax: 1 206 616 9085;
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Pulp Revascularization of Immature Teeth With Apical
Periodontitis: A Clinical Study
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Abstract

Introduction: The purpose of this study was to examine
the effect of a pulpal revascularization procedure for
immature necrotic teeth with apical periodontitis.
Methods: Twelve patients, each with an immature
permanent tooth with chronic or acute apical periodon-
titis, were recruited. A triantibiotic mix (ciprofloxacin,
metronidazole, and minocycline) was used to disinfect
the pulp for 1 week. Then a blood clot was created in
the canal, over which grey mineral trioxide aggregate
was placed. Patients were recalled periodically. Results:
Six patients dropped from the study (as a result of pain or
failure to induce bleeding after canal disinfection) and
instead received a standard apexification procedure.
Another 3 patients did not attend any recall appoint-
ments. The remaining teeth (n = 3) were found to exhibit
complete root development, with a positive response to
pulp testing. Conclusions: Revascularization could be
effective for managing immature permanent teeth with
apical periodontitis with appropriate case selection. (J
Endod 2009;35:745-749)

Key Words
Healing, open apex, periapical lesion, pulp revasculari-
zation, treatment outcome
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ulp necrosis of an immature tooth as a result of caries or trauma could arrest further

development of the root, leaving the tooth with thin root canal walls and blunderbuss
apices (1). The absence of an apical constriction makes root canal treatment problem-
atic because of the difficulty to obtain a seal with conventional obturation methods. The
thin root canal walls render it susceptible to fracture. Traditionally for such cases,
apexification is used as a method to induce a calcified barrier that serves as a matrix
against which the root filling material is compacted (2). Calcium hydroxide has
been the most often advocated material for this purpose (3). However, apexification
with calcium hydroxide has several disadvantages, including variability of treatment
time, patient compliance (for attending the recalls), and increased risk of tooth fracture
after dressing with the material for extended periods (4, 5). Although the open apex
might be “closed” by a calcific barrier, apexification does not promote the continued
development of the root.

Human case series of avulsed teeth (6) and animal studies (7, 8) have provided
radiographic and histologic evidence, respectively, of successful revascularization of
immature permanent teeth after replantation. In these cases, the uninfected but necrotic
pulp (after avulsion) probably has acted as a scaffold, permitting the ingrowth of new
tissue from the periapical area. In addition, the wide open apex and short root length
had allowed the tissues to grow into the root canal relatively easily. The crown of these
teeth (in the clinical studies above) was intact and thus had ensured some protection
against bacterial penetration into the pulpal space (9). All in all, revascularization was
favored in the competition between ingrowth of new tissue and bacterial invasion for
avulsed immature teeth that were replanted and remained uninfected.

Regeneration of the pulpal tissue of an infected immature tooth with apical perio-
dontitis had once been thought to be impossible. However, if a suitable environment
could be achieved, ie, absence of intracanal infection and presence of a scaffold condu-
cive to tissue ingrowth, then regeneration of pulp might take place. The key factor for the
success of this process is disinfection of the root canal system, because tissue growth
will halt at the level where bacteria are found (8, 10). Various combinations of antibi-
otics have been shown to be able to disinfect the infected root canals; one example is
a mixture of ciprofloxacin, metronidazole, and minocycline (11). Then the pulpal
space might become repopulated with mesenchymal tissue resembling the dental
pulp (12). The aim of this clinical study was to examine the effect of a revascularization
procedure on immature teeth with apical periodontitis.

Materials and Methods

The study population comprised 12 patients (8—11 years of age), consisting of 5
incisors and 7 premolars with or without signs and/or symptoms of periapical
pathology, who attended the Pediatric Dentistry clinic of the School of Stomatology of
Peking University, Beijing, China. The patients presented with either a fractured dens
invaginatus or trauma of the premolar (s), which was associated with symptoms of acute
or chronic apical periodontitis (ie, pain, diffuse facial and/or mucosal swelling, tender-
ness to percussion, or intraoral sinuses). Radiographically, the tooth had an immature
apex, either blunderbuss or in the form of a wide canal with parallel walls and an open
apex. After clinical and radiographic examination, an electric pulp test was performed
on the affected tooth and a control (contralateral but unaffected) tooth. The patients
and their parents were informed of the treatment plan (for revascularization) and
the potential risks before giving their consent to the treatment.
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CASE REPORT

One step pulp revascularization
treatment of an immature permanent
tooth with chronic apical abscess:

a case report

S. Y. Shin, J. S. Albert & R. E. Mortman
Endodontic Division, Atlantic Coast Dental Research Clinic, West Palm Beach, FL, USA

Abstract

Shin SY, Albert JS, Mortman RE. One step pulp revascularization treatment of an immature
permanent tooth with chronic apical abscess: a case report. International Endodontic Journal, 42,
1118-1126, 2009.

Aim To describe a case in which a mandibular right second premolar with a necrotic pulp,
sinus tract, periradicular radiolucency and an immature apex underwent revascularization
via a single treatment approach.

Summary Revascularization procedures have the potential to heal a partially necrotic
pulp, which can be beneficial for the continued root development of immature teeth.
However, it is not clear which revascularization protocols are the most effective. This case
report details the outcome of a successful revascularization procedure on tooth 45 (FDI) in
a 12-year-old patient, eliminating the associated periapical pathosis within 19 months. The
tooth was treated using coronal root irrigation with 6% NaOCI and 2% chlorhexidine
without instrumentation in a single visit. The successful outcome of this case report
suggests that this conservative revascularization treatment approach can preserve the
vitality of the dental pulp stem cells and create a suitable environment for pulp
regeneration, resulting in the completion of root maturation.

Key learning points

e The noninstrumentation procedure using 6% NaOCI and 2% chlorhexidine coronal
irrigation may help preserve the remaining vital dental pulp stem cells believed to be critical
for pulp revascularization.

e Asingle visit pulp revascularization protocol can be a favourable treatment option for an
immature permanent tooth with a partially necrotic pulp.

Keywords: dental pulp stem cells, immature apex, pulp regeneration, revascular-
ization, stem cells of the apical papilla.
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Revascularization of an immature permanent

tooth with periradicular abscess after luxation
CASE REPORT

Shin-ichi lwaya', Motohide lkawa?,
Minoru Kubota®

Abstract — An immature permanent mandibular central incisor with periapical
involvement in a 7-year-old boy was treated to promote revascularization. The
tooth suffered from acute apical periodontitis after periodontal treatment by a
general practitioner. An access cavity was prepared in the tooth and the cavity
was left open until the next visit to achieve drainage through the canal. The root
canal was not mechanically cleaned during the treatment period, but was
irrigated with hydrogen peroxide and sodium hypochlorite. Calcium hydroxide
compound was used for disinfection. At the fifth visit vital tissue appeared in the
canal near the apical region, and calcium hydroxide compound was placed in
contact with the soft tissue in the root canal. The access cavity was sealed with
glass—ionomer cement followed by an adhesive composite resin filling. Radio-
graphic examination 30 months after the initial treatment confirmed closure of
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the apex and thickening of the root wall. The case was observed for up to
13 years and root development was confirmed.

Successful cases of revascularization of immature per-
manent teeth with infected root canals have been
reported (1-11). As it has been observed in these reports,
revascularization probably occurs predictably in teeth
with open apices under appropriate treatment.

In the case report here, an immature mandibular
central incisor with periapical involvement in a 7-year-
old boy was treated to promote revascularization using
copious irrigation with dressing of calcium hydroxide
compound for disinfection. The case was observed for up
to 13 years and root development was confirmed. The
follow-up period in the reports in the past are mostly
shorter than 3 years. Most of the reported cases have
been mandibular premolar teeth, and the rest have been
mainly maxillary incisors.

Case report

The patient was a 7-year-old boy. He received a scaling
of lower incisors with a hand instrument by a general
dentist in May of 1996. Soon after the treatment, he
complained of pain and movement of both mandibular
central incisors. He visited Tohoku Welfare Pension
Hospital for special treatment in June of 1996.

The clinical findings of the patient were as follows;
gingival swelling around the mandibular anterior teeth
with mobilities of these teeth +; for the right central
incisor and lateral incisors and +, for the left central
incisor. Radiographic examination revealed that both
central and lateral incisors had incomplete root formation
and a periodontal ligament space in the left central incisor

© 2011 John Wiley & Sons A/S
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was widened (Fig. 1). Positive response to thermal (Pulper
Dental Coolant, GC, Tokyo, Japan) and electric (Pulp
Tester; AT Analytic Technology, Redmond, WA, USA)
sensitivity testing were confirmed from the right central
and lateral incisors but not from the left central incisor.
A diagnosis of subluxation was made for the right
mandibular central incisors and lateral incisors and a
diagnosis of lateral luxation and suspected apical perio-
dontitis was made for the left central incisor.

Based on the diagnosis, the anterior mandibular teeth
were stabilized using adhesive resin, and antibiotics
(Amoxicillin 600 mg per day for 3 days) were prescribed
for the patient. 19 days after the initial visit, gingival
swelling and abscess formation occurred on the left
central incisor (Figs 2 and 3). Therefore, the diagnosis of
the left central incisor was changed to acute apical
periodontitis, and root canal treatment was initiated.
The fixation was prolonged for 2 weeks for a total of
4 weeks.

When the access cavity was prepared on tooth 31,
bloody and purulent exudate discharged from the pulp
chamber. The patient had no pain sensation when the
access cavity was prepared and also when a smooth
broach was inserted into the canal. The tooth was left
open until the next visit to achieve drainage through the
canal.

The patient visited the hospital weekly and the
discharge of exudates stopped by the second visit. Until
the fifth visit the access cavity was opened to the canal
orifice and the upper part of the root canal was irrigated
using 5% sodium hypochlorite and 3% hydrogen
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Continued Development of the Root Separated

from the Main Root

1l-Young Jung, MSc, DDS, PbD, Eui-Seong Kim, MSc, DDS, PbD, Chan-Young Lee, MSc, DDS, PbD,

and Seung Jong Lee, MSc, DDS, PhD

Introduction: Endodontic infection or physical trauma
of a developing tooth might lead to unusual situation
for root development. Methods: Two cases are
presented. Both cases involved immature mandibular
second premolars with infected pulps. In the first case,
the tooth was treated by apexification, whereas revas-
cularization procedures were performed in the second
case. Interestingly, a separated root tip was observed
with the main root at the initial presentation of case
2. Results: At recall after apexification, a separate
root tip was observed apically to the main root end,
and root development continued in case 1. In the second
case, the separate root displayed continuing root
formation, but the main root did not gain root thickness
or length. Conclusions: These cases revealed that
Hertwig's epithelial root sheath and stem cells from
the apical papilla can be separated from the main tooth
structure by an external force or iatrogenic factors
and thereafter produce a separate root tip. (J Endod
2011;37:711-714)

Key Words
Immature teeth, open apex, revascularization, sepa-
rated root
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S ince Iwaya et al (1) first reported a case of revascularization in an immature perma-
nent tooth with apical periodontitis, a significant number of case reports with similar
results have been published (2—6). Although there were some differences in treatment
protocol, most researchers reported that the teeth gained root thickness and length.
Accordingly, continued root formation after disinfection of the root canal system
of immature teeth with an infected pulp is not an exceptional incident, and it is
believed that stem cells from the apical papilla (SCAP) are responsible for the
development (7).

After trauma to an immature tooth, 2 new root tip might form separately from the
main root and can continue development (8—12). It is believed by the authors that this
continued development is also associated with SCAP, and the separation is due to
detachment of SCAP and Hertwig's epithelial root sheath (HERS) by a traumatic
episode. Yang et al (13) reported a separate growing root with an odontoblastic layer,
predentin, dentin, cementum, and an apical foramen. The authors believed that the
separation was attributable to damage to HERS caused by the apexification procedures.
However, because very few cases of a separate root growing in immature teeth with an
infected pulp have been reported, the underlying mechanism is still unclear. The
following report describes 2 cases of separately growing roots that were not directly
associated with a traumatic episode.

Case 1

A 14-year-old girl presented to the Department of Conservative Dentistry at Yonsei
University Dental Hospital for emergency care of the left mandibular second premolar
(tooth #20). The girl had experienced intermittent spontaneous pain in that area for
previous months. A clinical examination revealed tooth #20 to be quite sensitive to
percussion and palpation. On all aspects of the crown, the probing depths measured
6—10 mm; the mobility of the tooth was +3. The tooth was free of caries, but a pinpoint
defect was seen on the occlusal surface, which seemed to be caused by the ground down
dens evaginatus. The tooth did not respond to the cold and electric pulp vitality tests. A
radiographic examination revealed that tooth #20 had an incompletely developed apex
and periradicular radiolucency (Fig. 14). A diagnosis of pulp necrosis and symptomatic
apical periodontitis was made for tooth #20.

When the access cavity was made under rubber dam isolation, the pulp was
found to be completely necrotic. The canal length was determined by a parallel
preoperative radiograph. The root canal was cleaned by using a #30 file in an
ultrasonic unit and 2.5% NaOCl. After drying the pulp canal, it was filled with Vitapex
(Neo Dental Chemical Products, Tokyo, Japan), and IRM (Dentsply Caulk, Milford,
DE) was used as a temporary filling material (Fig. 1B). The patient returned 3
months later and was asymptomatic and reported no pain. Periodontal probings
of tooth #20 were 2—3 mm deep, and the mobility of the tooth was normal. A radio-
graphic examination revealed some decrease in radiolucency around tooth #20
(Fig. 1C). At the next appointment 3 months later, the patient was asymptomatic.
After opening the tooth, the canal was evaluated for the presence of apical closure
by using a #30 file, and a hard tissue barrier was confirmed. The canal was cleaned
and obturated with gutta-percha and a sealer by using vertical compaction. The
access cavity was filled with amalgam. At the 14-month recall, the patient was still
asymptomatic, and healing of the periradicular bone was apparent radiograpically
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Regenerative Endodontic Treatment (Revascularization)
for Necrotic Immature Permanent Molars: A Review
and Report of Two Cases with a New Biomaterial

Ali Nosrat, MS, DDS,* Amir Seifi, DDS, PhD,f and Saeed Asgary, MS, DDS*

Abstract

Introduction: Revascularization is a valuable treatment
in immature necrotic teeth that allows the continuation
of root development. In this article we describe success-
ful revascularization treatment of 2 necrotic immature
first mandibular molars. Methods: The clinical and
radiographic examinations showed extensive coronal
caries, immature roots, and periapical radiolucencies
in mandibular first molars of a 9-year-old boy and an
8-year-old girl. The exam findings suggested revascular-
ization treatment in both cases, which was started with
irrigation of the canals by using NaOCI 5.25% for 20
minutes, followed by 3 weeks of triple antibiotic (metro-
nidazole, ciprofloxacin, and minocycline) paste dressing.
Next, the antibiotic paste was removed, bleeding was
induced in the canals, and calcium enriched mixture
(CEM) cement was placed over blood clots. Results:
In radiographic and clinical follow-ups both cases
were asymptomatic and functional, periapical radiolu-
cencies were healed, and roots continued to develop.
Conclusions: Revascularization is a realistic treatment
in immature necrotic molars. In addition, placing CEM
cement as a new endodontic biomaterial over the blood
clot formed inside the canals provided good seal and
favorable outcomes. (J Endod 2011;37:562-567)
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reatment of necrotic immature teeth has always been a challenge in endodontics. It is

difficult to get an appropriate apical seal in teeth with open apices by using the
conventional endodontic treatment methods. The discontinued development of dentinal
walls after the pulp necrosis can also lead to a weak root structure with thin dentinal
walls, which makes the tooth susceptible to future fractures (1). Traditionally,
multiple-visit apexification with calcium hydroxide was the treatment of choice in
necrotic immature teeth, which would induce formation of an apical hard tissue barrier
(2). Although this approach was predictable and successful (3), long-term use of
calcium hydroxide has several disadvantages such as multiple treatment appointments,
probable recontamination of the root canal system during treatment period, and
increased brittleness of root dentin, which increases the risk of future cervical root frac-
tures (3, 4).

An alternative technique for apexification with calcium hydroxide is artificial apical
barrier technique, which is done by placing barrier material in apical portion of the
canal. The material of choice for this technique is mineral trioxide aggregate (MTA)
(5), which has been shown to have high success rates (6-8) and reduce the
number of required clinical sessions. Both of the mentioned methods (ie,
apexification and artificial apical barrier techniques) share the same disadvantage of
not allowing the continuation of root development, which leads to a fragile root
structure.

Revascularization is a regenerative treatment and a biologically based alternative
approach to treat necrotic immature teeth that, unlike apexification and artificial apical
barrier techniques, allows continuation of root development (9, 10). Several types of
stem cells including dental pulp stem cells (DPSCs), which are more populated in
central cell rich zone of the pulp, bone marrow stem cells (BMSCs), stem cells from
human exfoliated deciduous teeth (SHED), and stem cells from apical papilla
(SCAPs) have exhibited different levels of ability to generate osteoid and odontoid
structures (11). SCAPs are the source of primary odontoblasts that are responsible
for continuation of root development (12, 13) and, as a result of proximity to the
periodontal blood supply, can survive pulp necrosis even in the presence of
periradicular infection (12, 14). In the optimal situation (ie, elimination
of microorganisms and their by-products and necrotic tissues and in the presence of
a protein scaffold and a tight coronal seal) these stem cells can populate in the root
canal space of necrotic immature tooth (15, 16).

The proposed regenerative treatment generally starts with chemical disinfection of
the canals by using passive NaOCl (17, 18), NaOCl-chlorhexidine (15, 19, 20), or
NaOCl-hydrogen peroxide 3% (21, 22) irrigation without any instrumentation.
Different concentrations of NaOCl including 6% (20, 23), 5.25% (15, 17, 19), 2.5%
(21, 24, 25), and 1.25% (18) and different concentrations of chlorhexidine including
2% (20, 23) and 0.12% (19) have successfully been used for this purpose. The proce-
dure continues by a triple antibiotic dressing including ciprofloxacin + metronidazole+
minocycline, as suggested by Hoshino et al (26). The required time of dressing varies
between few days to few months in different studies (15, 17-19). In the absence of
clinical signs and symptoms of periradicular diseases (ie, sensitivity to percussion or
palpation, presence of swelling, redness, or sinus tract, and suppuration or
exudation from canals), the treatment continues with removing the paste and
inducing bleeding inside the canals by irritating the apical tissues with a sterile file
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Case Report

Emerging Therapies for the Management of Traumatized Immature Permanent Incisors

Elizabeth K. Miller, DDS, MS' * Jessica Y. Lee, DDS, MPH, PhD? * Peter Z. Tawil, DMD, MS, FRCD(C) * * Fabricio B. Teixeira, DDS, MSc, PhD* *
William F. Vann, Jr., DMD, PhD*

Abstract: Early loss of immature permanent teeth due to pulpal necrosis secondary to trauma can have dire consequences for a child's growth and devel-
opment. The treatment alternatives include surgical endodontics, traditional calcium hydroxide apexification, and mineral trioxide aggregate (MTA) apexi-
fication. These options pose potential complications, including: arrest of root development; weakened dentinal walls; and increased potential for fracture.
Revascularization of the dentin-pulp complex is a new approach that involves disinfecting the root canal system followed by tissue repair and regeneration
while allowing for continued root development and thickening of the lateral dentinal walls through deposition of new hard tissue. The purpose of this
report was to present the revascularization of an immature permanent maxillary central incisor that had evidence of external root resorption. Six months
later, internal bleaching was performed to remove cervical discoloration from the triple antibiotic paste. At 18 months, the tooth remained vital and had
evidence of continued root development. (Pediatr Dent 2012;34:66-9) Received May 17,2010 | Last Revision August 24, 2010 | Accepted August 25, 2010

KEYWORDS: TRAUMA, AVULSION, ROOT RESORPTION, REVASCULARIZATION, TRIPLE ANTIBIOTIC PASTE

Dental injuries in the permanent dentition occur most common-
ly in 8- to 12-year-olds at a time when there is loosely struc-
tured periodontal ligament surrounding erupting teeth that
often exhibit short, incompletely formed roots.! Because root
completion takes place 2 to 3 years after a tooth fully erupts,
management of avulsed immature teeth can be a challenge.
Pulpal necrosis and/or inflammatory root resorption follow-
ing avulsion can pose potential problems and complications
that are exacerbated in a growing child. Treatment options for
avulsed immature teeth include pulpotomy and apexogenesis
treatment for vital teeth and either calcium hydroxide or mi-
neral trioxide aggregate (MTA; Dentsply, Tulsa Dental, York,
Pa) apexifications for nonvital teeth. When the pulp of avulsed
immature teeth becomes necrotic or nonvital, treatment options
are limited and prognosis is guarded due to instrumentation
difficulty, thin dentinal walls, and arrested tooth development,
leaving the tooth weak and fracture-prone.” Recently, pulp
revascularization has become a viable treatment option for trau-
matized immature teeth with devitalized pulp.®
Revascularization in immature permanent teeth. An
immature or open apex tooth has the potential to establish
revascularization when there is a minimum of a 1.0 mm apical
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opening.” Complete pulpal revascularization has been shown to
occur at a rate of 18% among immature teeth.*

The revascularization procedure involves disinfecting the
root canal system using a mixed paste of antibiotics and then
allowing the remaining tissues to serve as a scaffold for the in-
growth of connective tissue. To induce pulp revascularization, a
blood clot is created; its growth factors and cross-linked fibrin
will then act as a scaffold. It is speculated that the new tissue
resembles that of periodontal ligament (PDL) cells. The tradi-
tional triple antibiotic mix used consists of ciprofloxacin, me-
tronidazole, and minocycline.” Recently, the use of cefaclor
(cephalosporin) instead of minocycline has been recommended
to avoid discoloration.

Published case reports™® have shown in vivo that it is pos-
sible to disinfect immature teeth with necrotic pulps and/or
healing of inflammatory root resorption using combinations of
antibiotic pastes.

The purpose of this report was to add to the literature of
successful revascularization using the triple antibiotic paste as a
method to control external inflammatory root resorption and
to illustrate the use of vital internal bleaching treatment for
the discoloration expected from this treatment protocol.

Case report

Initial appointment. A healthy 9 year-old male presented to the
emergency department’s (ED) Pediatric Dental Service of the
University of North Carolina at Chapel Hill, Chapel Hill, NC,
with dental trauma. The patient had sustained orofacial trauma
approximately 2 hours earlier while riding his skateboard. He
was seen by an ED physician, but not cleared medically until
head and spine computed tomography scans were obtained. The
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Conventional apexification and revascularization
induced maturogenesis of two non-vital, immature
teeth in same patient: 24 months follow up of a case
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Abstract

Various authors have demonstrated the regenerative process in immature, non vital teeth by revascularization induced
maturogenesis. The aim of this case report is to compare calcium hydroxide apexification and pulp revascularization induced
maturation procedures in the same patient, in two different teeth. The right maxillary central incisor in this individual was
treated with conventional calcium hydroxide induced apexification procedure followed by guttaperchaobturation, and the left
maxillary central incisor was treated by pulp revascularization induced maturation procedures. 24 months follow-up shows root
elongation and apical closure in the tooth treated with revascularization induced maturation procedures. Revascularization
induced maturogenesis, where indicated, can provide several advantages over conventional apexification procedures.

Keywords: Apexification; apex formation; maturogenesis; revascularization

INTRODUCTION

Management of immature non vital teeth poses a great
challenge to the clinician. Most of the clinicians rely on
traditional calcium hydroxide apexification. Calcium
hydroxide induced apexification has its own limitations
such as:.!' long term therapy for barrier formation; and,
strengthening or reinforcing of the thin fragile blunderbuss
canals is not achieved. Instead, its long term therapy has
shown to make the tooth brittle due to its hygroscopic
and proteolytic properties.?? Even after apexification
procedure, the clinician has to go for conventional root
canal obturation as the barrier formed is often porous and
not continuous.*? Mineral trioxide aggregate (MTA) has
also been used to provide an artificial barrier; however, it
also has the limitations of non-reinforcement of root canal
dentin and a high cost.!

Recently some case reports have shown that non vital,
infected immature teeth can be alternatively treated
by pulp regenerative process.”' The authors have
termed this regenerative process as revascularization,”!
revitalization or maturogenesis.!'*'" The common aspect of
all regenerative modalities is intra canal disinfection using
copious irrigation, placement of antibiotic pastes and
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formation of a sterile blood clot inside the pulp cavity. The
concept of pulp regeneration was first noted in traumatic
avulsed and replanted immature teeth.'*'8! Rulel"
documented root development and apical barrier formation
in cases of pulpal necrosis. The authors emphasized on the
importance of sterile blood clot and granulomatous tissue
within the pulpal cavity. Various possible explanations have
been given to explain why apexogenesis/maturogenesis can
occur in these infected immature permanent teeth. These
include the presence of mesenchymal stem cells residing
in the apical papilla, also known as stem cells of apical
papilla (SCAP),? which are the multi-potent dental pulp
stem cells,?! and resistant to necrosis/infection.????l The
exact etiology, pathogenesis or histo-pathological events
that occur in this regenerative process are still not known.

Till date very few cases have been reported using pulp
regeneration as a therapeutic therapy for the treatment of
immature non vital teeth. It is necessary to compare the
outcomes of conventional calcium hydroxide therapy and
pulp revascularization procedure in same individuals, so
that the general practitioners can compare both therapies.
It is difficult to clinically find bilateral non-vital, immature,
infected teeth with approximately similar root development
stage. A case report is presented with bilateral immature
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Abstract

Regeneration of pulp-dentin complex in an infected necrotic tooth with an open apex is possible if the canal is effectively
disinfected. The purpose of this case report is to add a regenerative endodontic case to the existing literature about using
Platelet Rich Fibrin (PRF). A nine year old boy who accidently broke his immature maxillary central incisor tooth, developed
pulpal necrosis with apical periodontitis. After the access cavity preparation, the canal was effectively irrigated with 20 ml of
5.25% sodium hypochlorite solution and 10ml of 0.2% chlorhexidine solution and dried with paper points. Triple antibiotic
paste was placed inside the canal and left for 21 days. 12 ml of whole blood was drawn from the patient’s right antecubital
vein and centrifuged for 10 minutes to obtain the Choukroun’s PRF. After the removal of the triple antibiotic paste, the PRF was
placed into the canal till the level of cementoenamel junction and 3mm of grey MTA was placed directly over the PRF clot.
The setting of MTA was confirmed 3 days later and the tooth was double sealed with GIC and Composite restoration.After
1 year the clinical examination revealed negative responses to percussion and palpation tests. The tooth responded positively
to cold and electric pulp tests. Radiographic examination revealed continued thickening of the dentinal walls, root lengthening,
regression of the periapical lesion and apical closure. On the basis of the results obtained in our case report we conclude that
revitalization of necrotic infected immature tooth is possible under conditions of total canal disinfection and PRF is an ideal

biomaterial for pulp-dentin complex regeneration

Keywords: Open apex, revitalization, Platelet Rich Fibrin

INTRODUCTION

Regenerative endodontic procedures are biologically
based procedures which deals with the regeneration
of pulp like tissue, more idealistically the pulp-dentin
complex, damaged coronal dentin such as that following
a carious exposure or trauma; and regenerate resorbed
root, cervical or apical dentin."! The mechanics behind
the revitalization endodontic procedure is that, despite
the tooth being necrotic, some pulp tissue can survive
apically which under favorable conditions proliferate to
aid in the process of regeneration.** Although there
are no established standardized treatment protocols for
endodontic regeneration, many of these cases have shown
favorable results, with continued radiographic evidence of
development of the dentin-pulp complex and an absence of
clinical symptoms.?>>1!

The conventional method of revitalization procedure
was done by inducing bleeding into the pulp canal by
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mechanically irritating the periapical tissues.” In necrotic
teeth with open apices, some amount of pulp tissue along
with Hertwigs Epithelial Root Sheath may survive apically
and these tissues can proliferate once the inflammatory
condition are reversed and the canal becomes totally
disinfected.”! The created blood clot acts as a matrix for
the in growth of new tissues into the pulp canal. However,
this procedure will cause discomfort for the patient while
mechanically irritating the periapical tissues.

In the past two decades, an increased understanding of
the physiological roles of platelets in wound healing and
after tissue injury has led to the idea of using platelets as
therapeutic tools. Platelet-Rich Plasma (PRP) consists of a
limited volume of plasma enriched with platelets, which is
obtained from the patient. The use of PRP as a potentially
ideal scaffold for regenerative endodontic therapy has been
documented in the literature.'”? However, the use of bovine
thrombin for the activation of Platelet Rich Plasma (PRP) has
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Clinical Complications in the Revascularization of Immature Necrotic Permanent Teeth
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Abstract: The purpose of this case series was to report on the use of a technique of revascularization for necrotic immature permanent teeth, several
problems encountered, and solutions to those problems. Eighteen pulp revascularizations were performed in 2009 using the original protocol of revas-
cularization (adapted from the AAE/AAPD joint meeting in 2007 in Chicago). The protocol consisted of opening the canal and disinfecting it with
sodium hypochlorite, sealing in a triple antibiotic paste for 2-6 weeks, re-opening, re-irrigating, creating a blood clot in the canal, and sealing with an
MTA barrier over the clot. Three problems were encountered during the treatment: (1) bluish discoloration of the crown; (2) failure to produce bleeding;
and (3) collapse of the mineral trioxide aggregate (MTA) material into the canal. Modifications to solve these problems included: changing one of the
antibiotics, using a local anesthesia without epinephrine, and adding collagen matrix to the blood clot. (Pediatr Dent 2012;34:414-7) Received December

23,2010 | Last Revision May 4, 2011 | Accepted May 5, 2011

KEYWORDS: REVASCULARIZATION, TOOTH, ENDODONTICS, ABSCESS

Permanent teeth are still immature when they erupt into the
oral cavity of children; their roots are not complete and have
thin, divergent, and fragile walls and wide open apices. Thus,
the treatment of necrotic immature permanent teeth has always
presented many challenges. Current endodontic treatments
for nonvital immature teeth have included calcium hydroxide
apexification or an immediate apexification procedure with a
mineral trioxide aggregate (MTA) apical barrier. One major
problem of performing an apexification with calcium hydroxide
is the multiple appointments required and the long treatment
period. It has also been reported that long-term calcium hy-
droxide treatment can alter the properties of dentin." The use
of ProRoot® MTA (Dentsply Tulsa Dental, Tulsa, Okla., USA)
to create an artificial apical barrier at the root apex has proven
to be effective but is technique sensitive. Both calcium hydrox-
ide and MTA apexification procedures serve to achieve an
apical stop to facilitate 3-dimensional root canal obturation
with gutta-percha and ultimately obtain the resolution of the
periapical lesion. The immature tooth remains fragile, however,
because the root remains short with thin, radicular walls. It is
more susceptible to fracture.

The ideal treatment for an immature necrosed tooth is to
regenerate a healthy pulp-dentin complex that would allow
the continued maturation of the root. This concept was first
called revascularization and was unsuccessfully attempted in the
1960s.2 In 1978, it was demonstrated that revascularization
could occur immediately after the reimplantation of extracted
dog teeth, a process which would be completed in 45 days.?

1Dr. Dabbagh is a graduate student, Pediatric Dentistry program, University of Toronto,
Toronto, Ontario, Canada; and 2Dr. Alvaro is an endodontist clinician, *Dr. Vu is director
and a pediatric dentist, *Dr. Rizkallah is a second-year resident, and *Dr. Schwartz is an
assistant director and an associate professor, all in the Department of Dentistry, Mon-
treal Children’s Hospital, McGill University Health Center, Montreal, Quebec, Canada.
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Recent advances in the development of new materials have
allowed clinical researchers to achieve closure with continued
root maturation in immature necrotic permanent teeth. Since
2004, sporadic case reports have shown the possibility of revas-
cularization, allowing the formation of the root to continue.*"
Most of the cases reported had favourable outcomes; they pre-
sented resolution of the periapical lesion, significant root length-
ening, thickening of the dentinal walls, and closure of the apex.
Eighteen cases of revascularization of necrotic immature teeth
were started in 2009 at the Montreal Children’s Hospital in the
hope of achieving similar success. The purpose of this study
was to report the technique used to threat these teeth, the pro-
blems encountered during treatment and follow-up, and some
modifications made to the procedure to solve the problems.

Report of Case Series

Fourteen children needing apexification treatment, with a total
of 18 immature teeth, were selected from the Department of
Dentistry of Montreal Children’s Hospital, McGill University
Health Center, Montreal, Quebec, Canada. All of these pa-
tients presented with chronic or acute odontogenic infections,
of which 14 were the result of a trauma, 2 had been caused by
caries, and 2 originated from dental anomalies (dens evaginatus
and dens invaginatus).

The initial protocol was based on a relevant literature re-
view and was developed by an endodontist and a pediatric
dentist. All patients were treated by the same clinician. The
project was approved by the Montreal Children’s Hospital Re-
search Ethic Board, and an informed consent was obtained
from the children’s parents. Only necrotic teeth were selected
for this study, and the teeth were evaluated clinically and radio-
graphically for pulpal and periapical pathology .

The first step was to standardize the radiographic techni-
que by securing the same angulation and the same position of
the radiograph with respect to the teeth at each appointment.
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ABSTRACT

Pulp necrosis is an uncommon sequel to extrusive kixation m mmature tecth with mcomplete 3pical dosare. In thes report, we desaribe the
management of severely extruded immature maxillary incisors and the cutcome of revascularization 1o trext subsoguent pulp necross. An X S-year-
old boy with severe dentoalveolar trauma to the anterior maxllary regon a5 2 result of 2 fall was provided cmargency trestment consistmg of
reduction of the dislodged kbial cortacal bone and repositioning of the central mcsors. whach had suffered etrusive koaton When be presented
with spontancous pain involving the traumatized mcisors a week later, the tecth were tresad via 3 revascularization protocol using sodium
hypochlorite wrigation followed by 3 weeks of mtracanal calcium hydroxde, then 2 coronal seal of mmeral tnonde agzesste and resm composate.
Compkte periradicular healing was observed after 3 months, followed by progressive thickening of the root walls and spical closure. Follow-up
observations confirmed the efficacy of the regenerative treatment as a viable alternative to conventional apcufication m endodontically mvolved,
traumatized immature toeth.

Introduction

Extrusion is an injury characterized by partial axial displacement of a teoth." Clinically . the affected tooth sppesrs donssted. is usually displaced in
the palatal direction and demonstrates excessive mobility "~ Radiographically, extruded testh appear to have an increased periodontal lgament
space. Based on severance of the periodontal lxgment that has not yet bom exposed 1o desiccstion or dsartaculston of the tooth from the blood
supply, Andreasen® described extrusive huxation as “partial avulsion.™ According to Lee and colleagues.” this term is wseful in terms of treatment
approach, as the pulpal outcome of severe extrusion may be comparable to that of 2 rep inted tooth.

The stage of apsxcal development is a key factor in pulp hﬂ‘ﬁcmiﬂu"’hm'ﬂwqtﬂ.ﬁﬂ has greater potentaal
for healing, commonly followed by pulp canal obliteration: in patients with closad apices. the Bclibood of pulp revascularzation s low, usually
Kkading to pulp necrosis.'*** Once pulp necrosis is diagnosed, endodontic therapy should be mitiated to climinate mfection and facilitate healing
and retention of the tooth? If root development is incomplete. spexification & mdicated to mduce formution of 3 calcific barrier o the spex
However, this technique has several disadvantages, meluding up to 24 months of treatment, which oficn reguarss multiple visits and rencwal of the
mlracamd&ssm;u Apical closure s unpredictable.” and the tooth = susceptible to oot fracture after projonasd exposure o cakoum by droude
(Ca(OH),)."™"" Bexause of these concems, the traditional Ca(OH),-based apevification procedure has been modificd by the introduction of an
artaficial apical barmer usmg mmeral tnowade aggregte (MTAL""‘.M of open apices with MTA ples saguficantly reduces treatment
time and results in favourable healing of periradicular tissues.'>" %7 However. MTA plus cannot stimulsre physiologic spical closure and
thickening of radicular dentin, leaving the toath’s structural integrity compromised.' ™'

Revasculanzation is an emxrging regenerative endodontic treatment approach that aims to allow contineation of mot devclopment and tissuc
regeneration in immature necrotic teeth ™% The root canal is dsmfected with sodmum by pochlortte. followed by plscernent of = mirscamsl
medicament, such as cakcium hy droxide or a combination of ciprofloxacin, metronidazol: and minocycline = Afier dismfection, the antibiotic paste
= removed and apaxcal bleedng = induced to form a blood clot below the coronal level. The root camal onface = then sealled with MTA, and the tooth
crown is restored permanently .
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Revitalization Procedures in Two Traumatized Incisors
with Different Biological Outcomes

Renato Lenzi, DDS,* and Martin Trope, DMD"

Abstract

Introduction: The revitalization of a previously necrotic
pulp space has been shown to be possible and even
considered predictable. However, exact criteria for
success are still lacking, and, in fact, some cases do
not respond as predicted. Methods: In this case, the
same operator treated 2 teeth similarly according to
the principles laid out by Banch and Trope. The tooth
that according to our expectations was more likely to
be revitalized successfully failed to do so, whereas the
second tooth that, in our estimation, was less likely to
succeed was successful. In the tooth that failed to
revitalize, auto-apexification occurred. Conclusions:
Complete understanding for the criteria for predictable
revitalization and apexification is still lacking. (J Endod
2012;38:411-414)
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he revitalization of immature teeth with necrotic infected pulps and apical periodon-

titis has been shown to be possible and even predictable (1-5). The procedure
requires disinfection of the pulp space with an effective antibacterial regimen
commonly with the use of a bi- or triantibiotic paste (6, 7), the production of
a scaffold into the pulp space (usually by means of a blood clot), and the placement
of a bacterial tight restoration above the root canal (1).

This case report describes the treatment of 2 nonvital immature teeth with infected
pulp spaces as a result of trauma. The same operator treated both teeth similarly. In one
tooth, the procedure was successful in revitalization and continued root thickening and
closure of the apex. In the adjacent tooth that in fact appeared preoperatively more
likely to succeed, revitalization of the pulp space was unsuccessful. However, the disin-
fection protocol was successful in that the apical inflammation resolved and auto-
apexification resulted.

Case Report

An 8-year-old boy was referred to Dr Lenzi for root canal treatment on the upper
left and right maxillary central incisors. At presentation, both teeth had crowns with
fractures from a fall at school (Fig. 1G). The reported accident had occurred 2.5
months previously, but he had not received any treatment. Medically, the child was
under cardiac observation after a surgical repair for an interventricular communication
atage 5. The surgery was successful, and the child was considered in very good health.

The physical examination revealed complicated crown fractures on the upper left
maxillary incisor (ULI) and the upper right maxillary incisor (URI) (Fig. 1G). The URI
appeared slightly infraoccluded with a suspected intrusive injury in addition to the
crown fracture. The teeth were asymptomatic with no signs of acute infection, swelling,
or sinus tract. The patient had no symptoms. Both teeth tested nonvital to cold and
electric pulp tests. Palpation, percussion, and periodontal probing were all within
normal limits.

In the periapical radiograph (Fig. 14), the URI showed a complicated crown frac-
ture. The tooth appeared to be of normal width and length with a slightly open apex. The
presence of an apical lesion was inconclusive from this radiograph. The ULI had thin
dentinal walls with a wide-open apex, indicating that the tooth had become nonvital
because of a previous accident although the child and parents denied any previous trau-
matic injury. There was a distinct radiolucency apically on this tooth.

A cone-beam computed tomography (CBCT) radiograph taken at the initial visit
(Fig. 1B—F) showed that the URI incisor had normal development for the child’s
age, with the apex being almost closed. The tooth appeared slightly intruded. The
ULI had arrested development, thin dentinal walls, and an extremely wide apical
foramen. A large radiolucency was present, suggesting a long-standing root canal infec-
tion previous to the latest traumatic injury.

Treatment

Because of the patient’s age and short attention span, the teeth were treated on
different days but similarly as described later. The teeth were anesthetized and isolated
with a rubber dam. Access was made, and the access cavities and surrounding rubber
dam were disinfected with a 2% chlorhexidine rinse on a cotton swab.

For the URI, there was some minor bleeding around the apex of the tooth, and care
was made not to disturb any vital tissue in the apical part of the root. For the ULL, serous
fluid was present in the canal with no apparent bleeding in the canal. A working length

2 Revitalization Procedures with Different Results am
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Long-term follow-ups of revascularized immature necrotic

teeth: three case reports

Duck-Su Kim!, Hae-Jin Park!, Je-Ha Yeom!, Ji-Sung Seo!, Gil-Joo Ryuz, Ki-Ho Park’, Seung-I1 Shin*

and Sun-Young Kim'

Revascularization of immature necrotic teeth is a reliable treatment alternative to conventional apexogenesis or apexification. In case
1, a 12-year-old boy had his necrotic, immature mandibular left second premolar treated with a revascularization technique. At a
24-month follow-up, periapical radiolucency had disappeared and thickening of the root wall was observed. In cases 2 and 3, a
10-year-old boy had his necrotic, immature, bilateral mandibular second premolars treated with the same modality. At 48-month
(in case 2) and 42-month (in case 3) follow-ups, loss of periapical radiolucencies and increases in the root wall thickness were also

observed.

International Journal of Oral Science (2012) 4, 109-113; doi:10.1038/ijos.2012.23; published online 25 May 2012

Keywords: revascularization; pulp necrosis; mineral trioxide aggregate; antibiotic mixture; immature tooth

INTRODUCTION

Pulp necrosis of immature teeth may give rise to complications.' It
prevents further development of the root, leaving a tooth with thin
root walls. Conventional root canal treatment techniques used in
mature teeth are difficult to use in immature teeth which have various
anatomical complexities.” The instrumentation and obturation of
immature root canals are difficult or impossible with conventional
techniques.” Furthermore, weak teeth with thin root walls are suscep-
tible to fracture.

Conventional apexification uses calcium hydroxide as intracanal
medicament to induce apical closure over time. This is a successful
treatment technique for immature teeth, but it has several disadvan-
tages, including the need for multiple visits over a relatively long
period of time (an average of 12 months). In addition, the root canal
may not be reinforced.* An alternative to conventional apexification
with calcium hydroxide is to make an artificial apical barrier to prevent
the extrusion of root canal filling materials. The material of choice is
mineral trioxide aggregate (MTA) which has good sealing ability and
biocompatibility.” However, it does not also promote further root
development.

Recently, an alternative biologically based treatment has been intro-
duced for immature teeth with necrotic pulp.® Procedures that pre-
serve the remaining dental pulp stem cells and mesenchymal stem cells
of the apical papilla can result in intracanal revascularization and
continued root development.” The revascularization of these teeth is
based on the concept that vital stem cells in the apical papilla can
survive pulpal necrosis, even in the presence of periapical infection,
because the open apex provides good communication to the periapical
tissues.*™ The present case reports evaluated the long-term prognosis

of revascularization in necrotic immature teeth, with the aim of
providing reliable evidences for the revascularization technique.

CASE REPORTS

Case 1

A 12-year-old boy was referred to our department for treatment of his
mandibular left second premolar. His medical history was unremark-
able. When taking the dental history, the patient stated that prior to
the first visit, he experienced severe pain, which had decreased over the
past 5 days, but increased with chewing. Clinical examination revealed
that the tooth was not responsive to electric pulp test and was sensitive
to percussion. Periodontal probing depths were within normal limits
(<3 mm). Radiographic examination revealed a immature tooth with
periapical radiolucency (Figure la).

Based on the results of the clinical and radiographic examinations, a
diagnosis was made of pulp necrosis with symptomatic apical period-
ontitis. Under local anesthesia, the tooth was isolated with a rubber
dam and the access cavity was prepared. The root canal was irrigated
with 10 mL of 3% sodium hypochlorite for 2 min, and then dried
with sterile paper points. A creamy paste mixture of metronidazole
(Samil Pharm, Seoul, Korea), ciprofloxacin (Sinil Pharm, Seoul,
Korea) and cefaclor (Myungin Pharm, Seoul, Korea) in sterile saline
was applied using a lentulo-spiral and tapped down into the canal
with the blunt end of sterile paper points. The tooth was temporarily
restored using Caviton (GC, Aichi, Japan).

The patient was asymptomatic 2 weeks later. The Caviton was
removed under rubber dam isolation. The mixture of antibiotics
was completely removed with 3% sodium hypochlorite and sterile
saline. The apical tissue was stimulated with a No. 10 K-file to induce
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Anstract

Introduction: Dens invaginatus is a developmental
anomaly that poses treatment challenges when nonsur-
gical root canal therapy is deemed necessary. Teeth with
complex root canal morphology often require a compre-
hensive treatment approach to effectively clean, shape,
and disinfect the pulp canal space before obturation.
Endodontic clinical management of a tooth with dens in-
vaginatus might include using cone-beam computed
tomography (CBCT) to aid in the diagnosis and
treatment-planning phase and use of the surgical oper-
ating microscope in performing the clinical phase of
treatment. A novel approach could include using the
revascularization technique as the final treatment step
in the management of a dens invaginatus case in which
the root apex has not completed formation. Methods:
This case report will provide both an overview of the
feasibility of using CBCT scans in diagnosis and treat-
ment planning and a step-by-step clinical technique,
by using surgical operating microscope and the revascu-
larization technique, in the successful endodontic
management of a complex dens invaginatus case.
Conclusions: Five-month and 12-month follow-up
clinical and radiographic findings will provide a candid
view of inherent advantages and challenges of this
technique. (J Endod 2012;38:1145-1148)

Cone beam computerized tomography, dens invaginatus
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Endodonlists are constantly challenged in the treatment of teeth presenting with
complex root canal morphologic variations. It is important for the clinician to
understand and be aware of variations in root canal morphology and various treatment
options (1). Dens invaginatus has complex root canal morphology and has been
described as a tooth within a tooth or as an invagination of an enamel-lined tract
extending into the root, with or without exposure of the dental pulp. For endodontic
treatment to be successful, it is necessary to identify and successfully debride and disin-
fect the entire root canal system (1). A number of case reports have indicated the diffi-
culty in treating teeth with the dens invaginatus morphologic variation (2—4).

The etiology of this developmental anomaly is still unclear. Possible etiologic
factors include trauma, infection, growth retardation of specific cells, disruption in
factors regulating the formation of enamel organ, and links to genetic factors (5-7).
Variations in presentation are classified in a number of ways, with Oehlers
classification being most popular because of its simplicity (8). Treatment of this entity
is dictated by the anatomic complexity of each individual case (5, 9).

Until recently, imaging in endodontics was limited to 2-dimensional, standard
intraoral radiographs. The advent and feasibility of cone-beam computed tomography
(CBCT), a 3-dimensional imaging modality, and its application in clinical cases have
helped not only in diagnosis but also in assisting the clinician in better treatment
planning of complex cases requiring endodontic therapy (3, 10). The benefits of
CBCT to study root canal morphology and various other applications have been
reported (11, 12).

Pulp revascularization techniques are studied (13) and practiced by using current
basic principles. Thus far, the outcomes have been solely documented in the form of
animal studies (14), case reports (15—17), and case series (18, 19), and although
this technique is in the early stages of research and development, these case reports
and case series demonstrate much promise (13).

This case report will provide both an overview of the feasibility of using CBCT scans
in diagnosis and treatment planning as well as a step-by-step clinical technique by using
the surgical operating microscope and the revascularization technique in the successful
endodontic management of a complex dens invaginatus case. Five-month and 12-month
follow-up clinical and radiographic findings will provide a candid view of inherent
advantages and challenges of this technique.

Case Report

An 11-year-old male patient was referred for evaluation and treatment of tooth #7.
The patient gave a history of frequent episodes of pain (sensitivity to cold beverages) in
the upper right front tooth for the previous 2 weeks. The patient was seen by his general
dentist a week before, who prescribed antibiotics (amoxicillin 250 mg 3 times a day for
7 days), analgesic medication (acetaminophen 160 mg 4 times a day for 7 days), and
referred the patient to our office for evaluation and treatment.

On presenting to our office, the patient reported the pain was temporarily relieved
with the medication, and for the past week he had not experienced much discomfort
when drinking cold beverages. He was presently unable to chew or bite food with tooth
#7, and the tooth was tender to touch. The patient was in good general health. On clin-
ical examination, tooth #7 was tender to direct vertical percussion and had normal
mobility and a normal response to labial and palatal palpation. The tooth did not
respond to a cold thermal test (Endo Ice; Coltene Whaldent Inc, Cuyahoga Falls,
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Background. Revascularization is a valuable treat-
ment in immature necrotic teeth that allows the
continuation of root development.

Case Report. This article describes the successful
revascularization treatment of an immature maxil-
lary lateral incisor that was initially diagnosed

with apical periodontitis. The tooth was asympto-
matic and functional clinically and radiographi-
cally during the follow-up period of 5 years.
Conclusion. The follow-up showed evidence of
progressive thickening of the dentinal walls,
development of root length and apical closure.
The article also discusses the currently available
literature regarding revascularization of immature
permanent teeth.

Introduction

The treatment of pulpal necrosis in an imma-
ture tooth with an open apex presents a
unique challenge to the dentist. Traditionally,
multiple-visit apexification with calcium
hydroxide was the treatment of choice in
necrotic immature teeth, which aimed at for-
mation of an apical hard tissue barrier'. An
alternative technique for apexification is by
placing an artificial barrier in apical portion of
the root canal. The material of choice for this
technique is mineral trioxide aggregate (MTA),
which has been shown to have high success
rates and reduce the number of required clini-
cal sessions®’. Both of these apexification
methods share the same disadvantage of not
allowing the continuation of root development
resulting in fragile root structure”.
Revascularization is a regenerative treat-
ment and a biologically based alternative
approach to treat necrotic immature teeth.
Unlike apexification and artificial apical bar-
rier techniques, it allows for continuation of
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root development®. This article describes a
case of successful revascularization in necrotic
immature lateral incisor using MTA with a
follow-up period of 5 years.

Case report

An 11-year-old boy reported for evaluation
and treatment of a maxillary right lateral inci-
sor (tooth 12).The patient was accompanied
by his mother who reported that her son had
suffered a traumatic injury to the upper right
front tooth about a month ago with loss of
the coronal fragment. The medical history of
the patient was non-contributory, and the
patient had no prior dental visit to the dental
school. Clinical examination revealed that the
tooth had an Ellis class IIT fracture (Fig. 1),
and mobility and periodontal probing were
within physiological limits. Pulp vitality was
negative on cold and electric pulp testing
(EPT), but the patient reported sensitivity to
percussion and palpation. Periradicular radio-
graphic examination revealed that the tooth
had an incompletely developed apex and a
periradicular radiolucency (Fig. 1). A diagno-
sis of pulpal necrosis with symptomatic apical
periodontitis was made for tooth 12. The
mother was informed about the limitations
and advantages of revascularization as a
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Case Report/Clinical Techniques

Histological Findings of Revascularized/Revitalized
Immature Permanent Molar with Apical Periodontitis
Using Platelet-rich Plasma

Gabriela Martin, DDS,* Domenico Ricucci, MD, DDS,f Jennifer L. Gibbs, MAS, DDS, PhD,¢

and Louis M. Lin, BDS, DMD, PbD*

Introduction: An immature mandibular right first molar
(#30) with apical periodontitis of a 9-year-old boy was
treated with a revascularization/revitalization procedure
using either a mixture of platelet-rich plasma (PRP) and
a blood clot or a blood clot alone on the same tooth.
Methods: Tooth #30 fractured 2 years and 1 month
after the revascularization/revitalization procedure and
could not be saved. The tooth was extracted and pro-
cessed for histologic examination to determine the
nature of the tissues that formed in the canals. Results:
Clinically, the endodontic treatment of the case was
successful based on the resolution of apical periodontitis
and the absence of clinical signs and symptoms. Histo-
logically, the tissues formed in the distal and mesial
canals were mineralized tissue similar to cementoid/
osteoid tissue and uninflamed fibrous connective tissue
regardless of PRP or no PRP treatment. No pulp-like
tissue characterized by the presence of odontoblast-
like cells polarized along the dentin-like mineralized
tissue was observed. Conclusions: The tissues formed
in the canals were mineralized tissue and some fibrous
connective tissue. No pulp-like tissue characterized by
the presence of odontoblast-like cells was observed
lining the dentin-like mineralized tissue. (J Endod
2013;39:138-144)

Key Words

Apical periodontitis, cementoid/osteoid tissue, imma-
ture permanent tooth, platelet-rich plasma, revasculari-
zation/revitalization

From the *Department of Endodontics, National University
of Cérdoba, Cérdoba, Argentina; 'Private Practice, Cetraro,
Italy; and *Department of Endodontics, New York University,
New York, New York.

Address requests for reprints to Dr Domenico Ricucci,
Piazza Calvario, 7, 87022 Cetraro (CS), Italy. E-mail address:
dricucci@libero.it
0099-2399/$ - see front matter

Copyright © 2013 American Association of Endodontists.
http://dx.doi.org/10.1016/j.joen.2012.09.015

138 Martin et al.

Traditiona]ly, the treatment of immature permanent teeth with apical periodontitis is
accomplished by an apexification procedure to achieve apical closure followed by
nonsurgical root canal therapy (1). Since Iwaya et al (2) reported that a revasculariza-
tion procedure using an antibiotic paste (metronidazole and ciprofloxacin) in imma-
ture permanent tooth with apical periodontitis could result in increased thickening of
the canal walls, continued root development, and restoration of pulp vitality, revascu-
larization has become a preferable treatment choice over apexification as shown in
many recent case series reports (3).

In addition to elimination of the root canal infection, which is the most important
aspect of the revascularization/revitalization procedure, an additional step regarded neces-
sary is the induction of blood clot formation in the canal by provoking bleeding from the
periapical tissue (4, 5). It is hypothesized that the blood clot serves as a matrix for
migration of progenitor cells into the canal, possibly from the apical papilla (6). This
procedure is similar to inducing bleeding and clot formation in the bony crypt after apical
surgery to initiate bone wound healing. Bleeding and clot formation is an initial step of
tissue wound healing, which will lead to granulation tissue formation, which is an essential
component of wound healing. The purpose of the induction of bleeding into the canal
space in the revascularization/revitalization procedure is to recreate the events of tissue
wound healing (regeneration or repair). It has also been shown histologically that the
outcome of revascularization of immature dog teeth with apical periodontitis either in
the presence or absence of a blood clot in the canal space is not statistically significant
(7). However, cell migration or movement requires extracellular matrix in the canal space.

The nature of the tissues formed in the canals of the revascularized/revitalized
immature permanent teeth with apical periodontitis in humans is not currently known
because no histologic studies have been reported. However, in animal studies, the tissues
formed in the canal of the revascularized immature teeth with apical periodontitis were
described as cementoid/osteoid tissue and periodontal ligament-like tissue (7-10).
Surprisingly, no pulp-like tissue as characterized by the presence of odontoblast-like
cells lining the dentin-like mineralized tissue was observed in animal studies. This
suggests the possibility that the apical papilla did not survive in apical periodontitis;
this is thought to provide a source of the progenitor cells driving root pulp development.

Recently, platelet-rich plasma (PRP) was used as a matrix instead of a blood clotin
revascularization of the tooth with necrotic pulp and an open apex (11). PRP contains
concentrated growth factors such as platelet-derived growth factor, transforming
growth factor, vascular endothelial growth factor, epidermal growth factor, and
insulin-like growth factor (12, 13). The target cells of the growth factors are not
very clear at this point because there are multiple potential targets for each factor
(14). PRP has been shown to enhance wound healing if the parenchymal tissue of
the organs was not completely destroyed (13, 15). However, it is not known
whether PRP could induce tissue regeneration if the parenchymal tissue was
completely destroyed. Torabinejad and Faras (16) showed that pulp-like tissue could
be generated in a human tooth with necrotic pulp and an open apex by using PRP as
a scaffold in regenerative endodontic procedures. The generated tissue was removed
from the canal of the tooth 14 months after the revascularization procedure, and histo-
logic examination revealed vital pulp-like connective tissue although with no evidence of
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Case Report/Clinical Technigues

Pulp Revascularization after Root Canal Decontamination
with Calcium Hydroxide and 2% Chlorhexidine Gel
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Anbstract

Introduction: Pulp revascularization may be considered
a promising alternative for necrotic immature teeth.
Many studies have accomplished passive decontamina-
tion associated with an antibiotic paste. To date, there is
no report evaluating calcium hydroxide associated with
2% chlorhexidine gel for revascularization therapy. The
aim of this case report was to describe a new proposal
for pulp revascularization with mechanical decontami-
nation and intracanal medication composed of calcium
hydroxide and 2% chlorhexidine gel. Methods: The
patient, a 9-year-old girl, suffered an intrusion associ-
ated with pulp exposure caused by an enamel-dentin
fracture in her maxillary left central incisor. After diag-
nosis, treatment consisted of revascularization therapy
with gentle manual instrumentation of the cervical
and medium thirds of the root in addition to intracanal
medication with calcium hydroxide and 2% chlorhexi-
dine gel for 21 days. In the second session, a blood
clot was stimulated up to the cervical third of the root
canal. Mineral trioxide aggregate (MTA; Angelus, Lon-
drina, Parand, Brazil) was used for cervical sealing of
the canal. Coronal sealing was performed with tempo-
rary filling material and composite resin. Results:
During the follow-up period, the root canal space
showed a progressive decrease in width, mineralized
tissue deposition on root canal walls, and apical closure.
A cone-beam computed tomography scan taken at the
2-year follow-up confirmed these findings and did not
show complete root canal calcification. Conclusions:
This new proposal for revascularization therapy with
2% chlorhexidine gel may be used for the treatment
of necrotic immature root canals. (J Endod
2013;39:417-420)

Key Words

Chlorhexidine, immature teeth, pulp revascularization

Pulp revascularization may be a promising alternative for the treatment of imma-
ture teeth according to animal model studies (1-3) and case reports (4-8) that
showed the continuation of root development with thickening of root walls and
apical closure. This therapy promotes invagination of stem cells from the apical
region in young patients with open apexes (9, 10). Compared with apexification,
pulp revascularization requires a shorter treatment time and offers a shorter time
to apical closure (11).

A variety of root canal decontamination protocols have been discussed in several
case reports (0, 8, 12, 13). They mainly involve passive decontamination with irrigants
(7, 14) in an attempt to maintain cell viability. These cells could differentiate and
promote root end development in association with an intracanal dressing. In case
reports (11, 13, 14), the most investigated intracanal dressing up to now has been
a paste containing 3 antibiotics (ie, metronidazole, minocycline, and ciprofloxacin)
that showed antimicrobial ability against the main endodontic pathogens (2) and
root development. However, this paste may have some disadvantages such as the devel-
opment of bacterial resistance and allergic reactions and one of its components (ie,
minocycline) may produce crown discoloration (7). Considering these disadvantages,
calcium hydroxide may be a promising alternative for intracanal medication because of
its antimicrobial properties (15, 16), the unlikelihood of crown discoloration (17), the
possible release of growth factors and biomolecules from dentin (18), and the avail-
ability of this medication in routine clinical practice. Recently, some case reports
have shown satisfactory results with the use of calcium hydroxide medications in
aqueous vehicles (8, 19, 20). Besides the use of aqueous vehicles, some studies have
shown antimicrobial properties of different associations of intracanal medicaments
such as calcium hydroxide and 2% chlorhexidine gel (21, 22). Chlorhexidine has
antimicrobial properties and low cytotoxicity; this may be a safe alternative if this
medication came into contact with periapical tissues in immature teeth (23, 24).
Nevertheless, to date, no study has shown remission of symptomatology and root
development with the use of endodontic instruments in the root canal in association
with intracanal dressing of calcium hydroxide and 2% chlorhexidine gel. Thus, the
aim of this case report was to discuss a clinical case treated with a new proposal for
root decontamination with pulp revascularization therapy.

The patient, a 9-year-old girl, was referred to the Dental Trauma Service of the
Piracicaba Dental School, State University of Campinas, Piracicaba, Sao Paulo, Brazil,
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Case Report/Clinical Technigques

Pulp Revascularization of Immature Dens Invaginatus
with Periapical Periodontitis

Jie Yang, DDS, Yuming Zhao, DDS, PbD, Man Qin, DDS, PhD, and Libong Ge, DDS, PhD

Abstract

Introduction: Dens invaginatus is a rare developmental
malformation of a tooth caused by the invagination of
the tooth crown before biological mineralization occurs.
The complex anatomy of these teeth makes nonsurgical
endodontic treatment difficult and more so when there
is presence of periapical periodontitis with open apex.
The endodontic treatment of dens invaginatus is a chal-
lenge, especially in the case of periapical periodontitis
with open apex. Pulp revascularization is a conservative
endodontic treatment that has been introduced in recent
years. Presented here is a variant approach for the
treatment of immature dens invaginatus type Il with
periapical periodontitis, which combines filling of the
invagination and pulp revascularization. Methods:
After accessing the pulp chamber, the main canal
and the invagination were explored. The root was
thoroughly disinfected by irrigating and medication,
invagination was filled, and the main canal was revascu-
larized. Then the coronal sealing was made by glass
ionomer cement and composite resin. Radiograph taken
regularly and computed tomography scan were used to
investigate the healing of the periapical lesion and
development of the root. Results: In the subsequent
follow-up, the periapical lesion was completely elimi-
nated, the open apex was closed, and the wall of the
root was thickened. Conclusions: For type Il immature
dens invaginatus with large periapical lesion, conserva-
tive endodontic treatment should be considered before
periapical surgery. With sufficient infection control,
pulp revascularization can be an effective alternative
method. (J Endod 2013;39:288-292)

Key Words

Conservative endodontic treatment, dens invaginatus,
immature permanent tooth, periapical periodontitis,
pulp revascularization
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Dens invaginatus is a rare malformation of a tooth caused by the invagination of the
tooth crown before biological mineralization occurs. Other names for this type of
malformation are dens in dente, invaginated odontoma, dilated composite odontoma,
tooth inclusion, and dentoid in dente (1). In the published literature, controversy exists
regarding the terminology of this anatomic defect because of lack of consensus on the
etiology of the anomaly.

Currently, there are several theories giving different hypotheses on the etiology of
dens invaginatus; however, no agreement has been reached, and it remains unclear (1,
2). Hiilsmann (1) presented a number of theories that have been proposed to explain
the mechanisms of dental coronal invagination, including growth pressure of the dental
arch, focal failure of growth of the internal enamel epithelium, rapid and aggressive
proliferation of a part of the internal enamel epithelium, distortion of the enamel organ,
fusion of 2 tooth germs, infection, and trauma.

The incidence of dens invaginatus has been reported to be in the range of
0.04%-10% (3, 4), with the upper lateral incisors most commonly involved.
Isolated cases have been reported in the mandibular region and in the deciduous
dentition (5-7).

The most popular and commonly used classification of invaginated teeth has been
proposed by Oehlers (2): type I, invagination confined within the crown; type IT, invag-
ination as a blind sac extending beyond the cementoenamel junction but not reaching
the periodontal ligament; and type III, invagination extending beyond the cementoena-
mel junction, with the second foramen extending into the periapical tissues or into the
periapical area.

In most cases, the thin or incomplete enamel lining of the invagination cannot
prevent the entry of bacteria into the pulp, which leads to pulp necrosis and eventually
develops into periapical inflammation. The complex anatomy of dens invaginatus may
compromise instrumentation, disinfection, and obturation of the root canals. More-
over, the infected invaginations may also lead to the early necrosis of pulp tissue
before the completion of root development, leaving the tooth with an open apical
foramen.

The treatment options for an invaginated tooth include preventive sealing or filling
of the invagination, root canal treatment, endodontic periapical surgery, intentional
replantation, and extraction. Treatment of an invaginated tooth can be combined
with periapical surgery after insufficient root canal treatment or intentional replantation
after failed periapical surgery (8,9). In certain cases, endodontic treatment techniques
may involve removal of the dens invaginatus from the root canal, apexification,
obturation of the invagination alone while maintaining pulp vitality, and surgical
treatment of the invagination alone (10-14).

The treatment of immature permanent tooth with periapical periodontitis is
a challenge in pediatric dentistry, especially in the anatomic abnormal tooth such as
dens invaginatus. The traditional treatment of immature permanent tooth with periap-
ical periodontitis is apexification because there is little to no expectation of continued
root development, and because of the likelihood of root fracture and reinfection, the
prognosis of this method is not ideal.

In recent years, several clinical case reports proved that for inmature permanent
tooth with pulp necrosis or periapical periodontitis, continued root development can be
accomplished by conservative treatment after disinfection of the root canal system,
evoked bleeding into the root canal, and adequate coronal seal. Those procedures
are called pulp revascularization of immature permanent tooth (15-18). Increasing
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Revascularization/Regeneration Performed in Immature Molars: Case Reports

Revascularization/Regeneration Performed in Immature Molars:

Case Reports

Sonmez [S*/ Akbay Oba A**/ Erkmen Almaz M***

These 3 case reports the outcome of revascularization treatment in necrotic immature molars. During treatment,
a tri antibiotic mix was used to disinfect the pulp for 2 weeks. Then a blood clot was created in the canal, over
which mineral trioxide aggregate was placed. After 24 months, the immature molars showed continuation of root
development. The patients were asymptomatic, no sinus tracts were evident and apical periodontitis was resolved.
Results from these cases show that revascularization/regeneration using 3Mix-MP method could be effective for
managing immature permanent molar teeth with pulpal necrosis.

Keywords: Immature permanent teeth, MTA, pulpal necrosis, revascularization

INTRODUCTION

ndodontic treatment of an immature permanent tooth with

pulp necrosis is a very difficult and time consuming proce-

dure for both patients and dentists . The traditional treatment
of such a tooth is apexification, that involves long-term application
of calcium hydroxide.'? Apexification induces further development
of an apex to close the foramina with a calcific barrier,>* but has a
disadvantage of a requirement for multiple visits and a long time
period before completion of a root filling. More recently, placement
of mineral trioxide aggregate (MTA) acting as an artificial barrier
for the alternative apexification protocol has been used. With this
technique, the duration of treatment is shortened and is generally
completed in one or two appointments.” However, both calcium
hydroxide or MTA placement do not promote the continued devel-
opment of the root6, so with a thin root dentin and large canal lumen,
the tooth is prone to fracture.?

Pulp tissue of an immature open-apex tooth has a great potential
to regenerate in response to damage, owing to its rich blood supply
and stem cells. Therefore to allow successful apexogenesis (normal
development of the root apex of a tooth) to occur, diseased open-
apex teeth should be treated as conservatively as possible.? Contrary
to apexification, apexogenesis encourages a longer and thicker
dentinal composed root to develop.’ In recent years, the concept of
‘Pulp Revascularization/regeneration’ therapy has been developed,
that attempts to obtain a longer and thicker root.” The key factor for
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the success of revascularization/regeneration procedure is disinfec-
tion of the root canal system.' For the disinfection of the infected
root canals; various combinations of antibiotics have been shown
to be effective, one example is a mixture of ciprofloxacin, metroni-
dazole, and minocycline. Also in an in vitro study the tri-antibiotic
paste (mixture of ciprofloxacin, metronidazole, and minocycline)
has been shown to sufficiently potent to eradicate bacteria from the
infected dentin root canals.®

The purpose of these case reports was to examine the effects of
pulp revascularization/regeneration with 3Mix-MP paste (including
ciprofloxacin, metronidazole, minocycline with propylene glycol
and macrogol) for immature necrotic permanent molars.

Case Reports

Three patients, each with an immature permanent molar tooth with
pulp necrosis, who referred to the Pediatric Dentistry Clinic of
Kirikkale University Faculty of Dentistry, Kirikkale, Turkey, were
attended to the study. Clinically, all teeth presented deep carious
lesions and radiographically, the teeth had an immature apex with
periapical radiolucency. Vitality, percussion and palpation exams
were performed on the teeth and adjacent teeth. The diagnosis of
pulp necrosis and chronic apical abscess was made for the teeth.
As the parents did not want extraction of the teeth, other treatment
options were offered to the parents. The treatments were carried out
with institutional review board approval. The procedures, possible
discomforts or risks, as well as possible benefits were explained
fully to the parents’ of children involved, and their informed consent
was obtained prior to the investigation.

The teeth were anesthetized with a local injection of Ultracaine
DS (articaine hydrochloride 4% with epinephrine 1:100,000) and
isolated with rubber dam. The access cavity was prepared and the
root canal was gently flushed with 10 ml of 5.25% NaOCI solution
positioned 1-2 mm below the root canal orifice. Then the canal was
dried with sterile paper points (DiaDent, Burnaby, BC, Canada) and
3Mix-MP paste was prepared as described by Hoshino et al.® placed
in the root canal and left for 2 weeks. The access cavity was sealed
with Cavit G (3M ESPE, St. Paul, MN, USA). In the next visit, if
the teeth were symptom free, the paste was removed by rinsing with
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tooth with a necrotic pulp using
platelet-rich fibrin: a case report
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Abstract

Keswani D, Pandey RK. Revascularization of an immature tooth with a necrotic pulp using platelet-rich
fibrin: a case report. International Endodontic Journal.

Aim To discuss the clinical and radiological outcome of a revascularization procedure in
an immature tooth with a necrotic pulp using platelet-rich fibrin (PRF), a second-
generation platelet concentrate.
Summary A 7-year-old male reported with pain in the maxillary anterior region as a
result of the injury to his immature right maxillary central incisor tooth. After prepara-
tion of the access cavity, the necrotic pulp was removed and the canal irrigated using
5.25% sodium hypochlorite solution. The canal was then dried and packed with trianti-
biotic paste for 3 weeks. After removal of the antibiotic paste, a 5 mL sample of
whole venous blood was drawn from the patient's forearm to prepare PRF. The
freshly prepared PRF was condensed in the canal until the cementoenamel junction.
Three millimetres of white MTA was placed directly over the PRF clot. Three days
later, the tooth was restored using a permanent restoration. At 7-, 12- and
15-month recall, the tooth was asymptomatic with no sensitivity to percussion or pal-
pation. At 12- and 15-month follow-up, the tooth responded positively to cold and an
electric pulp test, and similarly to adjacent lateral incisor and canine teeth. Radio-
graphic examination demonstrated continued thickening of root canal walls, root
lengthening and apical closure.
Key learning point
e Platelet-rich fibrin might serve as a potentially ideal scaffold in revascularization of
immature permanent teeth with necrotic pulps as it is rich in growth factors,
enhances cellular proliferation and differentiation, and acts as a matrix for tissue
ingrowth.

Keywords: growth factors, immature tooth, open apex, platelet-rich fibrin, revas-
cularization.
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Platelet-rich fibrin-mediated revitalization of immature necrotic tooth
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Abstract

Contemporary studies have shown that the regeneration of tissues and root elongation is possible in necrotic immature permanent
teeth. The purpose of this case report is to add a new vista in regenerative endadontic therapy by using platelet rich fibrin for
revitalization of immature non vital tooth. An 11year old boy with the history of trauma was diagnosad with the pulpal necrosis
and symptomatic apical periodontitis in toath #21. Intra oral periapical radiograph showed open apex and associated immature
supernumerary tooth with respect to tooth #21. Access preparation and minimal instrumentation was done to remove necrotic
debris under copious irrigation with 2.5% sodium hypochlorite. Triple antibiotic paste was packed in the canal for four weeks.
During second visit, 5 mL of whole blood was drawn from the medial cubital vein of the patient and blood was then subjected
to centrifugation at 2400 rom for 12 minutes for the preparation of Platelet rich fibrin (PRF) utilizing Choukroun's method. Triple
antibiotic paste was removed and canal was dried. PRF clot was pushed to the apical region of tooth #21 using hand pluggers.
Three milimetres of Mineral trioxide (MTA) was placad in cervical part of the root canal and permanent restoration was done
three days later. Clinical examination at 6 and 12 months revealed no sensitivity to percussion and palpation in tooth #21and it
responded positively to both electric pulp and cold tests. Radiographic examination showed resolution of periapical rarefaction,
further root development and apical closure of the tooth #21 and its associated supemumerary tooth. On the basis of successful
outcome of the present case it can be stated that PRF clot may serve as a scaffold for regeneration of necrotic immature teeth.

Keywords: Platelat-rich fibrin, revitalization, triple antibiotic paste

Introduction

The contemporary non-surgical endodontic management
of mature teeth has shown favorable outcome rates of 95%
in teeth diagnosed with irreversible pulpitis'"’ and 85% in
necrotic cases.” But this manzgement in necrotic immature
permanent teeth offers limited predictability and has a
questionable prognosis due to thin dentinal walls.”* Moreover
open apex is difficult to seal either by thermo-plasticized or
lateral condensation methods.” Traditionally such teeth
were managed with apexification (Frank AL 1966 and
Steiner 1968) which entziled the long-term treatment with
calcium hydroxide resulting in formation of porous hard
tissue apiczl barrier™” but it has been shown that either the
short-term (Rosenberg et al., 2007)" or long-term {Andreason
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et al., 2002 and 2006)*'* use of calcium hydroxide can reduce
the root strength due to denaturation of collagen. This finding
is consistent with the large case series by Cvek M in 1992
which showed that major reason for tooth loss following
such apexification was tooth fracture.” To overcome the
drawbacks of patient compliance and incomplete barrier,
Torabinejad ' in 2000 and Witherspoon et al,"* in 2000
pursued the single-step apexification using MTA. Ballesio
et al.,'"” and Felippe et al.,""* in 2006 showed that one-step
apexification also does not generally result in further root
development and thin dentinal walls still pose a challenge
to the clinicians.

The teeth with poor crown root ratio and thin dentinzl wzlls
are more susceptible to fracture by secondary injuries and
are also poor candidates for the restorative procedures. "

Therefore, there was a paradigm shift in the treatment
protocol of such teeth from apexification to regenerative
procedures.'*'" This approach was extrapolated from
successful revascularization of avulsed immature permanent
teeth after replantztion in animals ™ and humans. '™ Hargreaves
et al., in 2008 reported that regenerative endodontic
procedures are possible by application of the principles of
the tissue engineering that requires the spatizl orientation
of stem cells, signaling molecules, and the scaffold.” ' It has
been reported that the remnants of Hertwig's epithelial root
sheath or cell rests of Mallasez are resistant to peri-apical
infections.” Thus, the signaling networks from these remnant
cells may stimulate various stem cells like stem cells from apical
papilla {SCAP), " bone marrow, ¥ and multipotent pulp stem
cells ™ to form odontoblasts-like cells in non-vital, immature,
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Comparative outcome of revascularization
in bilateral, non-vital, immature maxillary anterior
teeth supplemented with or without platelet rich

plasma: A case series

Ganesh Ranganath Jadhav, Naseem Shah, Ajay Logani

Department of Conservative Dentistry and Endodontics, Centre for Dental Education and Research, All India Institute of Medical

Sciences, New Delhi, India

Abstract

Loss of pulp wiality in an immalure permenent tooth arrasts reot development. This leads to tooth with open epex end
weok leteral dentinel wells. Management of such necrotic teeth with immature roots poses several ireatment challenges. The
decumented study was performed te evaluete end compare opexogenesis induced by revasculerization, with and without
platelet rich plasme (PRP) in non-vitel, immeture antericr teeth. Three patients heving bilaterel, non-vitel, immature mexillary
cantral incisors with apecal periodontitis were recruited aiter instituticncl ethical clecrence. Subsequent 1o chemo-mechanicel
preparation, ravesculerization with and without PRP wes randomly induced in either of the tocth. The cosas were followed-up
dinically end redicgrephically et 6 ond 12 menths. There was o marked difference in periepical hecling, apicel clesure ond
dentinal well thickening of teeth treated by revescularization with PRP

Keywords: Open apex; platelet rich plasma and chemeo-mechenical peeparation; revascularization

INTRODUCTION

In young children, anterior teeth by virtue of their
position in the dental arch are prone to trauma. In cases
of complicated tooth fracture with the loss of pulp vitality,
cessation ofroot development withan open apex is a serious
sequel. Management of such immature, non-vital teethisa
challenge. Until date, treatment protocols mentioned were
surgery and retrograde sealing, apiczal barrier formation
with caldum hydroxide” or mineral trioxide aggregate
(MTA)" and customized or thermoplasticized gutta-percha
obturation technique.

Recently, there has been & paradigm shift in the
management of these teeth based on the “regenerative
concept.” Case series/reports have documented the efficacy
of revascularization. This involves intentional induction of
bleeding from the peri-apex and formation of an intra-canal
blood dot, which acts as za scaffold. Platelet rich plasma
(PRP), an autologous first generation platelet concentrate
with a rich source of growth factors has been proposed
as a potential addendum/substitute sczffold to improve
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the outcome of this procedure."* Until date only few case
reports on the use of PRP in the revascularization are cited
in the literature.” This case series comparatively evaluates
the outcome of revascularization with and without PRP in
three cases of bilateral, non-vital, immature, anterior teeth
in terms of periapical hezling (PAH), apical closure {AC),
laterzl dentinzl wall thickening and root lengthening (RL).

CASE REPORTS

Case |

A healthy 10-year-old boy was referred for evaluation
and management of his broken upper anterior teeth,
subsequent to a fall 3-year prior. Root canal therapy
was initiated, but not completed by a generzl dental
practitioner. Intraoral examination revealed Ellis class 1l
fracture and a well-defined, localized swelling in relation to
both the upper central incisors. Radiographic examination
showed immature open apices with thin dentinal wzlls in
relation to both the teeth [Figure la). Based on clinical
and radiographic examination, a diagnosis of acute
periapical abscess in relation to both the centrzal incisor

3 this article online

Website:
www jod org i

0Ol:
10.41030672.0707.1203G2

568 Journal of Conservative Dentistry | Nov-Dec 2013 | Vol 16 | Issue 6

120



72.

Case report

ISSN 2234-7658 (print) / ISSN 2234-7666 (online)
http://dx.doi.org/10.5395/rde.2013.38.3.178

RUE

Restorative Dentistry & Endodontics

Apexogenesis and revascularization treatment
procedures for two traumatized immature permanent
maxillary incisors: a case report

Maryam Forghani®,
Iman Parisay’*, Amir
Maghsoudlou®

'Dental Research Center and
Department of Endodontics, School
of Dentistry, Mashhad University of
Medical Sciences, Mashhad, Iran
“Dental Materials Research Center
and Department of Pediatric
Dentistry, School of Dentistry,
Mashhad University of Medical
Sciences, Mashhad, Iran
*Department of Endodontics, Gorgan
University of Medical Sciences
School of Dentistry, Gorgan, Iran

Received May 9, 2013;
Revised June 17, 2013;
Accepted June 20, 2013.

'Forghani M, Dental Research Center

and Department of Endodontics,
School of Dentistry, Mashhad
University of Medical Sciences,
Mashhad, Iran

®Parisay I, Dental Materials
Research Center and Department
of Pediatric Dentistry, School of
Dentistry, Mashhad University of
Medical Sciences, Mashhad, Iran
*Maghsoudlou A, Department of
Endodontics, Gorgan University
of Medical Sciences School of
Dentistry, Gorgan,Iran
*Correspondence to

Dr Iman Parisay, DDS, MSc.
Assistant Professor, Department
of Pediatric Dentistry, Mashhad
University of Medical Sciences
School of Dentistry, P.0.Box: 984,
Mashhad, Iran

TEL, +989153132816; FAX,

+985118829500; E-mail, parisayi@

mums.ac.ir

Traumatic injuries to an immature permanent tooth may result in cessation of dentin
deposition and root maturation. Endodontic treatment is often complicated in pre-
mature tooth with an uncertain prognosis. This article describes successful treatment
of two traumatized maxillary central incisors with complicated crown fracture three
months after trauma. The radiographic examination showed immature roots in
maxillary central incisors of a 9-year-old boy with a radiolucent lesion adjacent to
the right central incisor. Apexogenesis was performed for the left central incisor and
revascularization treatment was considered for the right one. In 18-month clinical and
radiographic follow-up both teeth were asymptomatic, roots continued to develop,
and periapical radiolucency of the right central incisor healed. Considering the root
development of these contralateral teeth it can be concluded that revascularization
is an appropriate treatment method in immature necrotic teeth. (Restor Dent Endod
2013;38(3):178-181)

Key words: Apexogenesis; Open apex; Pulpotomy; Pulp revascularization; Trauma

Introduction

Traumatic injuries to the teeth may result in pulpal and periapical disease. Most
dental traumas occur in the 7 - 10 year-old age group with incomplete apical root
development."? Complicated crown fractures which involve the enamel, dentin and pulp
occur in 0.9 - 13% of all dental injuries.** Vital pulp therapy (VPT) is the treatment of
choice for traumatized immature teeth with pulp exposure.”® VPT allows continuation
of root development, which leads to apical closure and strengthening of the root
structure.” If the pulp vitality of a traumatized immature tooth is lost, the treatment
will be a challenge in endodontics. It is difficult to obtain an appropriate apical seal in
these teeth by using the conventional obturation methods. Furthermore, thin root canal
walls make the teeth susceptible to future fractures.® Several different clinical methods
have been used to treat these teeth, such as long-term calcium hydroxide apexification
and one-visit apexification (use of a material to create an artificial barrier). Recently,
regenerative endodontic procedures have drawn much attention. The advantage of this
treatment modality over apexification is that it allows root maturation to continue by
generating vital tissue.’

This case report presented regenerative therapy of a traumatized immature maxillary
central incisor with apical abscess. The outcome of root development in this tooth was
compared with contralateral tooth that treated using vital pulp therapy.

This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/
by-nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.
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Case Report/Clinical Techniques

Clinical, Radiographic, and Histological Observation
of a Human Immature Permanent Tooth with Chronic
Apical Abscess after Revitalization Treatment

Emi Shimizu, DDS, PbD,* Domenico Ricucci, MD, DDS,* Jeffrey Albert, DDS,”
Adel S. Alobaid, DDS," Jennifer L. Gibbs, MAS, DDS, PbD,” George T-J. Huang, DDS, MDS, DSc,”

and Louis M. Lin, BDS, DMD, PbD"

Introduction: Revitalization procedures have been
widely used for the treatment of immature permanent
teeth with apical periodontitis. The treatment proce-
dures appear to be capable of encouraging continued
root development and thickening of the canal walls.
The nature of tissues formed in the canal space and
at the root apex after revitalization has been shown
histologically in several animal studies; similar
studies in humans were recently reported. Methods:
A 9-year-old boy had a traumatic injury to his upper
anterior teeth. Tooth #9 suffered a complicated crown
fracture with a pulp exposure, which was restored
with a composite resin. The tooth developed a chronic
apical abscess. Revitalization procedures were per-
formed on tooth #9 because it was an immature perma-
nent tooth with an open apex and thin canal walls.
Twenty-six months after revitalization, the tooth had
a horizontal crown fracture at the cervical level and
could not be restored. The tooth was extracted and
processed for routine histological and immunohisto-
chemical examination to identify the nature of tissues
formed in the canal space. Results: Clinically and radio-
graphically, the revitalization of the present case was
successful because of the absence of signs and symp-
toms and the resolution of periapical lesion as well as
thickening of the canal walls and continued root devel-
opment. The tissue formed in the canal was well-
mineralized cementum- or bone-like tissue identified
by routine histology and immunohistochemistry. No
pulp-like tissue characterized by the presence of polar-
ized odontoblast-like cells aligning dentin-like hard
tissue was observed. Conclusions: The tissues formed
in the canal of revitalized human tooth are similar to
cementum- or bone-like tissue and fibrous connective
tissue. (J Endod 2013;39:1078—1083)

Key Words
Apical periodontitis, bone-like tissue, cementum-like tissue, immature permanent
tooth, revitalization

S ince the report of Iwaya et al (1) that a type of treatment termed “revascularization”
was applied to treat human immature permanent tooth with apical periodontitis and
sinus tract and resulted in not only resolution of apical periodontitis but also thickening
of the root canal walls and continued root development, many human immature
permanent teeth with apical periodontitis have been treated with revascularization
procedures instead of traditional apexification procedures (2). It has been discussed
that the term “revitalization” is more appropriate to describe such clinical treatment;
therefore, revitalization will be used herein (3, 4). The nature of tissues formed in
the root canals of immature teeth with apical periodontitis after revitalization was
described histologically as mineralized tissue resembling cementum or bone and
periodontal ligament-like tissue in several animal studies (5-8). The nature of the
tissue formed in the root canals of human revitalized teeth was recently reported
(9-11). We report clinical, radiographic, and histological observation of a human
immature permanent tooth with chronic apical abscess after revascularization
treatment.

Case Report

Diagnosis and Treatment Planning Visit

A 9-year old boy was referred from the Postgraduate Pediatric Clinic to the Post-
graduate Endodontic Clinic at New York University College of Dentistry for the evaluation
of tooth #9. The patient had a history of trauma to the upper anterior teeth that occurred
from a fall approximately 3 months ago. The patient’s chief complaint was “ hit my front
teeth 3 months ago, and now I have an infection.” The patient did not report any symp-
toms. Clinical examination showed that tooth #9 had a complicated crown fracture with
apulp exposure, which was restored with a composite resin. A sinus tract was present in
the apical area of tooth #9. The tooth was not sensitive to percussion and palpation. It
also did not respond to Endo Ice (Coltene/Whaledent Inc, Cuyahoga, OH) or an electric
pulp tester (Vitality Scanner; SybronEndo, Glemdora, CA). Radiographic examination
revealed a well-circumscribed large periapical radiolucent lesion measuring approxi-
mately 8 x 8 mm around the apex of tooth #9 (Fig. 14). The immature tooth had thin
canal walls and an open apex (Fig. 14). The clinical diagnosis for tooth #9 was pulpal
necrosis and chronic apical abscess. Treatment options including revitalization,
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CASE REPORT

Concentrated platelet-rich plasma used
in root canal revascularization: 2 case
reports

T. Bezgin’, A. D. Yilmaz?, B. N. Celik" & H. Sonmez’
"Department of Pedodontics; and 2Molecular Biology Laboratory, Faculty of Dentistry, Ankara
University, Ankara, Turkey

Abstract

Bezgin T, Yilmaz AD, Celik BN, Sonmez H. Concentrated platelet-rich plasma used in root canal

revascularization: 2 case reports. International Endodontic Journal.

Aim To present two case reports describing the treatment of immature teeth with
necrotic pulps using concentrated platelet-rich plasma (cPRP) with 12-month clinical and
radiographic follow-up.
Summary Root canal revascularization was performed on immature permanent teeth
clinically and radiographically diagnosed as requiring root canal treatment. Following dis-
infection of the canal space with triple antibiotic paste (1 : 1 : 1: ciprofloxacin, metroni-
dazole and cefaclor), a tissue scaffold was created with cPRP prepared using 2-step
centrifugation. The final restoration was completed with white mineral trioxide aggre-
gate and composite resin. The patients were recalled for clinical and radiographic evalu-
ations every 3 months. At the 12-month follow-up apical closure by narrowing of the
apical foramen and convergence of the apical walls in the treated teeth was observed.
Key learning points
¢ Concentrated platelet-rich plasma (cPRP) was successful as a scaffold in revasculari-
zation treatment.
e 2-step centrifugation was a simple and useful technique to prepare PRP.

Keywords: concentrated platelet-rich plasma, immature teeth, revascularization.
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Introduction

Regenerative endodontics refers to the biologically based treatment that is designed to
replace damaged structures and cells in the pulp-dentine complex with live viable tis-
sue, which restore normal physiologic functions. These procedures may be of particular
value in the treatment of immature permanent teeth with necrotic pulps in terms of
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Case Report/Clinical Technigues

Histologic Study of a Human Immature Permanent Premolar
with Chronic Apical Abscess after Revascularization/

Revitalization

Patricia Becerra, DDS,* Domenico Ricucci, MD, DDS,f Simona Loghin, DDS,f
Jennifer L. Gibbs, MAS, DDS, PbD,* and Louis M. Lin, BDS, DMD, PhD*

Abstract

Introduction: Histologic studies of teeth from animal
models of revascularization/revitalization are available;
however, specimens from human studies are lacking.
The nature of tissues formed in the canal of human re-
vascularized/revitalized teeth was not well established.
Methods: An immature mandibular premolar with in-
fected necrotic pulp and a chronic apical abscess was
treated with revascularization/revitalization procedures.
At both the 18-month and 2-year follow-up visits, radio-
graphic examination showed complete resolution of the
periapical lesion, narrowing of the root apex without
root lengthening, and minimal thickening of the canal
walls. The revascularized/revitalized tooth was removed
because of orthodontic treatment and processed for
histologic examination. Results: The large canal space
of revascularized/revitalized tooth was not empty and
filled with fibrous connective tissue. The apical closure
was caused by cementum deposition without dentin.
Some cementum-like tissue was formed on the canal
dentin walls. Inflammatory cells were observed in the
coronal and middle third of revascularized/revitalized
tissue. Conclusions: In the present case, the tissue
formed in the canal of a human revascularized/revital-
ized tooth was soft connective tissue similar to that in
the periodontal ligament and cementum-like or bone-
like hard tissue, which is comparable with the histology
observed in the canals of teeth from animal models of
revascularization/revitalization. (J Endod 2014;40:133—
139)

Key Words

Bone-like tissue, cementum-like tissue, chronic apical
abscess, human immature permanent tooth, revascular-
ization/revitalization
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any case reports and case series of revascularization/revitalization of human imma-

ture permanent teeth with apical periodontitis have been reported in the literature.
However, a high level of evidence concerning the outcome of revascularization/revitali-
zation is lacking. The resolution of apical periodontitis, thickening of the canal walls,
and continued root development are often reported in published cases after revascular-
ization/revitalization of immature permanent teeth with apical periodontitis. Five types of
hard-tissue responses of human immature permanent teeth with apical periodontitis after
revascularization/revitalization have been described (1). In some cases, no to minimal
thickening of the canal walls and closure of the root apex without root lengthening
were observed radiographically (1—4). Some authors speculated that this was because
of the blood clot in the canal breaking down, leaving no scaffold for new tissue to
grow into the empty canal space (4). Histologic studies of revascularized teeth in animals
showed that the tissue growing in the pulp space was fibrous soft connective tissue and
cementum-like or bone-like hard tissue (5-8). Most recently, 2 case reports described
the histology after successful revascularization procedures in humans (9, 10). It was
confirmed that the tissue formed in the canal space was cementum-like or bone-like
tissue. No dentin-like tissue or odontoblast-like cells were observed.

The purpose of this case report was to describe histologically 2 human immature
mandibular premolar after a revascularization/revitalization procedure that initially had
infected necrotic pulp and a chronic apical abscess. Radiographically, the revascular-
ized/revitalized tooth showed resolution of the periapical lesion, minimal thickening of
the canal walls, and narrowing of the root apex without root lengthening.

Case Report

An 11-year-old girl was brought to the dental office because she noted a localized
swelling on the mucosa in the area of the mandibular left premolars. The patient did not
have any spontaneous or evoked pain or other symptoms. Clinical examination showed
that the crown of tooth #20 was caries free but had a dens evaginatus with a fractured
cusp. A sinus tract was present buccally in association with the mandibular second
premolar. The tooth was not tender to percussion (vertical and lateral) or palpation.
No mobility was noted. The tooth showed no response to sensibility tests (ie, heat,
cold, and electric pulp test). A periapical radiograph of tooth #20, taken after tracing
the sinus tract with a gutta-percha point, showed that a large radiolucent lesion was
present in the periapical area (Fig. 14). The root apex was open, and the canal walls
appeared to be thin (Fig. 14).

The clinical diagnosis of tooth #20 was pulpal necrosis and a chronic apical
abscess with a sinus tract. Treatment options and procedures, including apexification
and revascularization/revitalization, were explained to the patient and patient’s parents.
They chose the revascularization/revitalization procedure of the tooth for the child, and
informed consent was obtained.

No anesthesia was administered to see if vital tissue was present in the apical
portion of the canal in the first session. The tooth was isolated with a rubber dam,
and an adequate access cavity was prepared. No vital tissue was observed in the apical
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Case Report/Clinical Technigques

Histologic and Histobacteriologic Observations of Failed
Revascularization/Revitalization Therapy: A Case Report

Louis M. Lin, BDS, DMD, PbD,* Emi Shimizu, DDS, PbD,* Jennifer L. Gibbs, MAS, DDS, PbD,*
Simona Loghin, DDS,f and Domenico Ricucci, MD, DDS’

Abstract

Introduction: Mechanical debridement plays an impor-
tant role in eliminating intracanal bacteria, such as bio-
film on the canal walls and bacteria in the dentinal
tubules. Mechanical debridement is not recommended
for root canal disinfection in revascularization/revitaliza-
tion therapy. Here we report a failed revascularization/
revitalization case, which could be due to inadequate
root canal disinfection without mechanical removal of
biofilm and bacteria in dentinal tubules. Methods: A
6-year-old boy had a traumatic injury to tooth #9, which
was avulsed and replanted within 40 minutes. The tooth
subsequently developed a local swelling in the periapi-
cal area. The patient was referred to the Postgraduate
Endodontic Clinic for revascularization/revitalization
therapy on tooth #9. The treated tooth remained asymp-
tomatic for 16 months and then developed pain and
local periapical swelling. The oral surgeon extracted
the revascularized/revitalized tooth. On request, the ex-
tracted tooth was processed for histologic and histobac-
teriologic examination. Results: The tissue in the canal
was completely destroyed. Most bacteria were observed
in the apical portion and not in the coronal portion of the
canal and formed biofilm on the canal walls and pene-
trated into the dentinal tubules. Conclusions: On the
basis of histobacteriologic observations, the failure of re-
vascularized/revitalized tooth could be due to inadequate
root canal disinfection without mechanical debridement.
It may be important to perform mechanical debridement
as part of the revascularization/revitalization therapy to
disrupt the biofilm on the canal walls and remove bacteria
in the dentinal tubules because revascularization/revitali-
zation therapy is able to increase thickening of the canal
walls. (J Endod 2014;40:291-295)

Key Words
Immature permanent tooth, reinfection, revasculariza-
tion/revitalization, root canal disinfection
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B acterial infection is the primary cause of pulpal and periapical disease (1). When the
root canal is infected, bacteria colonize the canal walls as biofilm (2, 3) and
penetrate into the dentinal tubules (4, 5) and lateral/accessory canals (6) as well as
isthmuses (7). The number and depth of dentinal tubules invaded by bacteria are higher
and deeper in the teeth of young than of old people (8, 9). Bacteria in biofilm firmly
attached to the canal walls and in the canal dentinal tubules are very hard to
eliminate by canal irrigants and intracanal medicaments during root canal therapy
(10~14). In addition, biofilm can evade the host's innate and adaptive defense
mechanisms and resist antimicrobial chemotherapy (15).

Similar to open flap debridement for marginal periodontitis, root canal therapy
requires mechanical instrumentation or debridement to remove biofilms, canal walls
contaminated by bacteria toxins, and bacteria in the dentinal tubules (16, 17). The
current protocol used to control root canal infection of immature permanent teeth
with infected necrotic pulp in revascularization/revitalization procedures is by
irrigation with sodium hypochlorite and intracanal medication with calcium
hydroxide or triple antibiotics without mechanical debridement (18). Regardless of
apexification or revascularization/revitalization procedures, effective control of root
canal infection is the key to the success of both treatments. Infection/inflammation
prevents tissue regeneration and stem cell differentiation (19) and therefore has to
be under control for wound healing to take place. It has been suggested that control
of root canal infection in revascularization/revitalization procedures might have to be
more thorough than that of regular root canal therapy for pulp tissue regeneration
to occur (20). No failures of revascularization/revitalization cases have been reported
by using sodium hypochlorite irrigation and triple antibiotics intracanal medication
without mechanical debridement in human (21) and in animal studies (22-24),
which are of short-term observations. These studies give the impression that the clinical
outcome of revascularization/revitalization therapy is 2 100% success.

We have experienced failed revascularization/revitalization cases by using current
root canal disinfection protocol and had to re-treat the failed cases with apexification
procedures. The purpose of the present case report is to describe a failed immature
permanent tooth with infected necrotic pulp and acute apical abscess after revascular-
ization/revitalization procedures by histologic and histobacteriologic examination. The
failure of the present case could be caused by an inadequate control of intracanal infec-
tion by using sodium hypochlorite irrigation and calcium hydroxide as well as triple
antibiotics paste intracanal dressing without mechanical debridement of the infected
canal. Although this is a single case report, we hope that it will call attention to reevaluate
the effectiveness of root canal disinfection protocol of revascularization/revitalization
procedures in vivo to improve the success of revascularization/revitalization therapy.

Case Report

A 6-year-old boy was referred to the Postgraduate Endodontic Clinic at New York
University College of Dentistry from a university-affiliated City Hospital for treatment of
tooth #9. The patient’s medical history was not contributory. Tooth #9 was avulsed
and replanted with rigid splint by an oral surgeon at the City Hospital within 40 minutes
of avulsion approximately 4 months prior. The general dentist at the City Hospital
performed instrumentation of the root canal space because the patient developed a local-
ized swelling in the periapical area of tooth #9 about 2 months after tooth replantation.
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Regenerative Potential of Immature Permanent Teeth with
Necrotic Pulps after Different Regenerative Protocols

Mobamed M. Nagy, BDS, MSc, PbD,* Hosam E. Tawfik, BDS, MSc, PbD,* )
Abmed Abdel Rabman Hashem, BDS, MSc, PhD, * and Ashraf M. Abu-Seida, BVSc, MVSc, PhD"

Abstract

Introduction: Regenerative endodontics is a promising
alternative treatment for immature teeth with necrotic
pulps. The present study was performed to assess the
regenerative potential of young permanent immature
teeth with necrotic pulp after the following treatment
protocols: (1) a mineral trioxide aggregate (MTA) apical
plug, (2) the regenerative endodontic protocol (blood
clot scaffold), and (3) the regenerative endodontic pro-
tocol with a blood clot and an injectable scaffold
impregnated with basic fibroblast growth factor.
Methods: Immature necrotic permanent maxillary cen-
tral incisors (n = 36) of patients 9-13 years old were
divided into 3 groups according to the treatment proto-
col: the MTA group (MTA apical plug), the REG group
(regenerative endodontic protocol [blood clot]), and
the FGF group (regenerative endodontic protocol [blood
clot + injectable scaffold]). Follow-up was done up to 18
months. Standardized radiographs were digitally evalu-
ated for an increase in root length and thickness, a
decrease in the apical diameter, and a change in periap-
ical bone density. Results: After a follow-up period of
18 months, most of the cases showed radiographic
evidence of periapical healing. Groups 2 and 3 showed
a progressive increase in root length and width and a
decrease in apical diameter. Conclusions: The regener-
ative endodontic procedure allowed the continued
development of roots in teeth with necrotic pulps. The
use of artificial hydrogel scaffold and basic fibroblast
growth factor was not essential for repair. (J Endod
2014;40:192-198)
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Basic fibroblast growth factor, hydrogel scaffold, mineral
trioxide aggregate, regeneration, revascularization
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he treatment of immature permanent teeth with necrotic pulp constitutes a chal-

lenging situation facing endodontists. Such conditions present difficulty in root canal
debridement and obturation because of the open apex. Moreover, they are more prone
to fracture because of thin weak dentinal root canal walls. Such cases were traditionally
treated by apexification procedures using calcium hydroxide (1). Such management
requires long-term placement of calcium hydroxide inside the root canal to induce
the formation of an apical hard tissue barrier. Recently, many authors advocated the
placement of an orthograde apical plug (2—4). Mineral trioxide aggregate (MTA)
proved to be an excellent candidate; however, apical plugs do not solve the problem
of the thin and weak dentinal root canal walls (5, 6).

Periapical tissues in immature teeth are rich in blood supply and contain stem cells
that have the potentiality for tissue regeneration (7). Under suitable conditions, stem cells
can be programmed for self-regeneration to restore the lost part. Hence, the concept of
regeneration of immature nonvital teeth was advocated. Eradication of bacteria from the
canal space is mandatory for successful regenerative endodontic procedures. Research
with topical antibiotics showed that a combination of metronidazole, minocycline, and cip-
rofloxacin could be effective against common endodontic pathogens i vitro and in vivo
(8, 9). However, a disinfected empty canal space cannot support the ingrowth of new
regenerated tissues on its own so a scaffold is needed for support. Advances in tissue
engineering research focused on 3 key elements for tissue regeneration (10, 11): (1)
stem cells that have the ability for proliferation and differentiation; (2) scaffold, which
is a 3-dimensional structure that supports the regenerated tissue integrity; and (3) growth
factors, which are secreted signals governing morphogenesis and differentiation.

The regenerative endodontic protocol depends on the regenerative capacity of peri-
radicular tissues, which act as an endogenous source of the key elements of regeneration.
Several case reports and series were published (12—18) concerning revascularization
procedures; however, the deficiency of prospective studies and clinical randomized
trials prevents the widespread application of this promising treatment protocol. The
aim of the present investigation was to assess the regenerative potential of young
permanent immature teeth with necrotic pulps after the following treatment protocols:
(1) an MTA apical plug, (2) the regenerative endodontic protocol (blood clot
scaffold), and (3) the regenerative endodontic with a blood clot and an injectable
scaffold impregnated with basic fibroblast growth factor (bFGF).

Thirty-six patients with immature, nonvital maxillary anterior teeth presenting with
or without signs and/or symptoms of periapical pathology were included in this study
from the outpatient clinic of the Faculty of Dentistry, Ain Shams University, Cairo, Egypt.
A detailed medical and dental history was obtained from each patient’s parents or
guardians. Only medically free patients were included in this research. The clinical
and radiographic exclusion criteria were teeth with vertical fractures, periodontally
involved teeth, and nonrestorable teeth. All procedures were performed after obtaining
proper institutional review board approval based on the regulations of the Ethical Com-
mittee of the Faculty of Dentistry, Ain Shams University. Intraoral periapical radiographs
revealed immature apices. The age of the patients ranged between 9 and 13 years.
Informed consent was signed for each case by the patient’s parents or guardians
including the proposed treatment and possible outcomes or complications.
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Revascularization of an immature
tooth with apical periodontitis using a
single visit protocol: a case report

P. McCabe

The Oranhill Dental Suite, Oranmore, Co. Galway, Ireland

Abstract

McCabe P. Revascularization of an immature tooth with apical periodontitis using a single visit protocol:

a case report. International Endodontic Journal.

Aim To discuss the clinical and radiological outcome of a revascularization procedure
which was completed in a single visit (using sodium hypochlorite 5% as the sole disin-
fectant) in an immature tooth with a necrotic pulp and apical periodontitis.
Summary A 7-year-old girl was referred in pain following trauma to the maxillary ante-
rior region some 6-7 weeks previously. The maxillary left central incisor tooth was diag-
nosed with a necrotic pulp and acute apical periodontitis. Under local anaesthesia and
rubber dam isolation, an access cavity was prepared. The canal was irrigated with a 5%
sodium hypochlorite solution and agitated with an ultrasonic file. A 17% EDTA solution
was also used for a final rinse. Bleeding was induced into the canal space from the peri-
apical tissues using a K-file. An MTA layer/barrier was placed directly onto the blood clot,
and a further layer of GC Fuji IX cement was placed on top of the MTA to restore the
access cavity. The tooth was reevaluated at 6 weeks, 3 months, 6 months, 1 year and
18 months. The tooth has remained symptom free. Radiographic examination shows
progressive thickening of the root canal walls, root lengthening and apical closure.
Key learning points
e Disinfection with 5% sodium hypochlorite followed by the induction of a blood clot
into the root canal space may be sufficient to promote revascularization in certain
circumstances.
e A single visit revascularization procedure is a potential treatment option.

Keywords: apical periodontitis, immature tooth, open apex, revascularization,
single visit, sodium hypochlorite 5%.
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Introduction

Trauma and/or carious exposure in immature permanent teeth can lead to pulp necrosis
and arrested root development. The consequences of interrupted development include a
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Clinical Technique/Case Report

Reestablishing Biology, Function,
and Esthetics for Fractured,
Immature Incisors

NIP Pini ® JY Nagata ® D Sundfeld-Neto
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DANL Lima

Clinical Relevance

Dental trauma is a challenge in clinical practice and often needs a multidisciplinary
approach for a correct diagnosis and restorative therapy. Pulp revascularization and direct
resin composite restorations successfully restored anterior teeth fractures with incom-

pletely formed root apices.

SUMMARY

A seven-year-old boy with enamel-dentin frac-
tures on both maxillary central incisors pre-
sented to the Piracicaba Dental School-
UNICAMP seven days after the trauma. At the
clinical evaluation, there were no clinical signs
of pulp exposure, neither tooth was mobile, and
both affected teeth presented a positive re-
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sponse to sensitivity tests and a negative re-
sponse for percussion and palpation. The
radiographic examination showed an undevel-
oped root and opened apex for both teeth.
Indirect pulp capping was performed on the
left maxillary central incisor, followed by a
direct restoration. After one month, the patient
complained of pain in the left central incisor,
which responded negatively to sensitivity test-
ing. Pulp revascularization was performed only
on this tooth and was followed for 18 months.
During this period, the left maxillary central
incisor did not recover sensitivity, although
radiographic examination showed apical clo-
sure, a slight increase in root length, and the
formation of a mineralized barrier between the
root canal and sealing material. The technique
achieved its goal of restoring biological aspects,
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Case Report/Clinical Technique

Pulp Revascularization on Permanent Teeth
with Open Apices in a Middle-aged Patient

Yu Wang, DDS,* Xiaofei Zbu, DDS,f and Chengfei Zbang, DDS, PhD"

Abstract

Introduction: Pulp revascularization is a promising
procedure for the treatment of adolescents’ immature
permanent teeth with necrotic pulp and/or apical peri-
odontitis. However, the ability to successfully perform
pulp revascularization in a middle-aged patient re-
mains unclear. Methods: A 39-year-old woman was
referred for treatment of teeth #20 and #29 with
necrotic pulp, extensive periapical radiolucencies, and
incomplete apices. Pulp revascularization procedures
were attempted, including root canal debridement, tri-
ple antibiotic paste medication, and platelet-rich
plasma transplantation to act as a scaffold. Periapical
radiographic and cone-beam computed tomographic
examinations were used to review the changes in the
apical lesions and root apex configuration. Results:
The patient remained asymptomatic throughout the
30-month follow-up. Periapical radiographic examina-
tion revealed no change in the apical lesions of either
tooth at 8 months. The periapical radiolucency disap-
peared on tooth #20 and significantly decreased on
tooth #29 by the 30-month follow-up, findings that
were also confirmed by cone-beam computed tomo-
graphic imaging. No evidence of root lengthening or
thickening was observed. Conclusions: Successful
revascularization was achieved in a middle-aged
patient’s teeth. (J Endod 2015; M :1-5)

Key Words
Apical periodontitis, middle-aged patient, pulp revascu-
larization
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Pulp revascularization is widely performed in the treatment of immature permanent
teeth with necrotic pulp and apical periodontitis. Successful cases exhibited thick-
ening of the canal walls, closure of root apices, continued root development, and re-
covery of a positive response to electric pulp testing in some cases (1, 2).
Regenerative endodontic procedures have routinely been recommended for
adolescent patients between 8 and 16 years old (3). Sparse reports are available on
pulp revascularization in the mature permanent dentition. Although some researchers
claim that the treatment outcome from regenerative endodontics does not vary accord-
ing to patient age (4), the upper limit of participant age was only 28 years in a systematic
review that included 51 clinical studies and case reports from January 1993 to
December 2013 (5). Therefore, itis still unknown whether patient age is a critical factor
in the success of pulp revascularization. Studies on bone marrow mesenchymal stem
cells suggest that the total number and osteoprogenitor (CFU-F/ALP+) colonies of
mesenchymal stem cells decrease with age (6, 7). Bone marrow mesenchymal stem
cells and dental stem cells (including those of the dental pulp, periodontal ligament,
and apical papilla) share some similarities (8); the outcome of dental pulp revascular-
ization may also be affected by patient age.

The principles of revascularization include the use or recruitment of stem cells,
growth factors, and biologic scaffolding (9). Platelet-rich plasma (PRP) has been sug-
gested as an ideal biomaterial to improve treatment results because it releases many
growth factors and acts as a scaffold (10, 11). Successful revascularization of
infected immature teeth after autologous PRP transplantation has been reported
(12-14).

In the present case report, we describe a PRP-supplemented revascularization of 2
nonvital permanent teeth with periapical lesions and open apices in a 39-year-old
woman.

Case Report

A 39-year-old woman was referred to our department for treatment of her right
and left second mandibular premolars (teeth #20 and #29). The patient visited her gen-
eral dentist 1 week earlier with sharp pain of 3 days” duration in the left second pre-
molar. She received access opening, medication with camphor phenol, and
temporary seal. The dentist documented no caries but found fractured dens evaginatus
in both mandibular second premolars. Her medical status was noncontributory.

Upon clinical examination at our clinic, temporary fillings were found in the center
of occlusal surfaces of teeth #20 and #29, with slight tooth discoloration and no evi-
dence of sinus tract stomata (Fig. 14-D). These 2 teeth were not sensitive to percussion
or palpation and did not respond to thermal or electric pulp testing (Vitality Scanner;
SybronEndo, Glendora, CA). Periapical radiographic examination revealed extensive
periapical radiolucencies and incomplete apices on both left and right second mandib-
ular premolars (Figs. 24 and 34). Cone-beam computed tomographic (CBCT) images
(NewTom VG; Quantitative Radiology, Verona, Italy) further characterized the extent of
the bony defects and the large diameter of roots and apices (Figs. 20—F and 3D-F). The
diagnosis of necrotic pulp and symptomatic apical periodontitis was made for both
second mandibular premolars.

The patient was informed that the goal of treatment was to initiate healing of the
bony defects and to stimulate further root lengthening and thickening and that the pro-
posed treatment might not be successful. The decision was made to perform an
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Abstract — Introduction: Trauma is one of the primary causes of tooth loss
and pulpal injury in adolescents and children. Prior to regenerative end-
odontics, treatment of necrotic, immature teeth with open apices was lim-
ited to long-term calcium hydroxide (Ca(OH),) apexification and
subsequent root canal therapy or extraction. Through revascularization,
retention of these teeth can be achieved and the elimination of patient
symptoms and the radiographic appearance of continued root development
were obtained. Case Review: This report illustrates a revascularization
protocol through a case where platelet-rich fibrin (PRF) was utilized as an
autologous scaffold for traumatized, necrotic, immature teeth with incom-
plete root development. Through consistent follow-up reports, comprising
of both clinical examination and radiographs, marked improvement in the
condition of the traumatized tooth was noted. Discussion: This case dem-
onstrates the feasibility of utilizing PRF as an effective treatment protocol
for traumatized teeth in lieu of traditional treatment protocols, such as
long-term calcium hydroxide (Ca(OH),) apexification or extraction. The
choice of utilizing PRF, as opposed to other platelet concentrates, such as
platelet-rich plasma (PRP) or a blood clot, lies in PRF’s ability to allow
for a slow, long-term release of autologous growth factors.
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Dental caries and dental trauma are the two leading
causes of injury to the dental pulp (1). Although the
oral cavity comprises less than 1% of the total body
area, it accounts for 5% of injuries in all ages and
17% of injuries in children (2). Dental trauma in chil-
dren can lead to pulp tissue damage and is of particu-
lar concern in the underdeveloped tooth, as immature
and open apices limit possible treatment options.

Historical approaches utilizing long-term calcium
hydroxide therapy for apexification have resulted in
increased fracture rates due to loss of flexural strength
as dentinal organic matrix is weakened with extended
exposure to calcium hydroxide (3, 4). The process of
revascularization has allowed for enhanced survivabil-
ity of the tooth, alleviation of symptoms, and a radio-
graphic  confirmation of root thickening and
lengthening (5, 6). Nygaard-Ostby focused the role of
blood clot in endodontic therapy (7, 8) while Myers’
work encompassed dental pulp regeneration through
utilization of blood and blood substitutes (9).

Unlike apexification, which mainly relies on exoge-
nous materials to create an apical barrier within the
root canal system (10, 11), revascularization utilizes a
combination of antibiotic paste and a biologic scaffold
(12). The antibiotic paste historically consisted of a
combination of metronidazole, ciprofloxacin, and mi-
nocycline (13, 14). Its purpose was to decrease and
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potentially eliminate bacterial strains and the pro-
inflammatory response within the root canal system in
preparation for the biologic scaffold (15). Concerns
over tooth discoloration have been attributed to mino-
cycline use. The survivability of stem cell progenitors
within the root canal system in the face of the antibi-
otic treatment may also be jeopardized (16).

In traditional revascularization cases, a blood clot
within the root canal system served as a biological scaf-
fold (17, 18). Although the induction of a blood clot
within the canal space is not always possible (19), its
overall clinical success paved the way for the next
phase of revascularization—platelet concentrates pro-
viding an autologous scaffold (20). Torabinejad and
Turman reported a case where PRP, a first generation
platelet concentrate, was used for revascularization
(21). Recently, Pandey (2013) reported a case of an
anterior traumatized permanent tooth where platelet-
rich fibrin (PRF), a second-generation platelet concen-
trate consisting of autologous platelets and leukocytes
present in a complex fibrin matrix, was utilized as a
scaffold for revitalization with a follow up of
15 months (22). PRF is composed of fibrin membranes
enriched with platelets, growth factors, and cytokines
(23). PRF has the capability to enhance the healing
potential of soft and hard tissues and slowly release
growth factors, such as PDGF and TGF-BI over the

© 2015 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd
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Case Report/Clinical Technigue

Regenerative Endodontic Treatment of an Immature
Necrotic Molar with Arrested Root Development
by Using Recombinant Human Platelet-derived Growth

Factor: A Case Report

Annie Zbujiang, DMD, and Sabng G. Kim, DDS, MS

Introduction: Regenerative endodontic treatment has
provided a treatment option that aims to allow root
maturation. The present report describes the regenera-
tive endodontic treatment of a necrotic, immature molar
by using recombinant human platelet-derived growth
factor (rhPDGF-BB) and shows the continued root matu-
ration in the tooth with arrested root development.
Methods: A regenerative endodontic procedure that
used a growth factor was performed for a necrotic
molar with arrested root formation in a 20-year-old pa-
tient. Thorough disinfection by using mechanical
instrumentation and copious irrigation of antimicrobial
agents as well as intracanal medication with calcium
hydroxide was performed throughout the first 2 ap-
pointments. At the third appointment, the root canals
were irrigated with an antimicrobial solution and 17%
EDTA, and bleeding was evoked by passing sterile pa-
per points beyond the apex in each canal. Small pieces
of a collagen membrane saturated with rhPDGF-BB so-
lution from GEM 21S were packed into each canal.
Mineral trioxide aggregate was placed, and Cavit
and composite resin were used to restore the tooth.
Results: Complete root maturation and resolution of
a periapical radiolucency were observed at the
15-month follow-up. Conclusion: The present report
presents a regenerative endodontic procedure that
uses rhPDGF-BB for a necrotic molar with arrested
root development. The finding of continued root
development in the present case suggests that regen-
erative endodontic treatment may be able to resume
the root maturation process in teeth with arrested
root formation. Further clinical studies are required
to investigate the efficacy of rhPDGF-BB in regenera-
tive endodontic treatment. (J Endod 2015; Il :1-4)

Key Words
GEM-21S, pulp regeneration, pulp revascularization, pulp revitalization, regenerative
endodontics, rhPDGF-BB, root maturation

reatment of necrotic teeth with immature apices presents a clinical challenge. Com-

mon treatment options such as apexification fail to allow continued root develop-
ment and leave the tooth predisposed to fracture because of its thin root walls (1).
Achieving an adequate apical seal is difficult in a tooth with a large apex and can be
managed by long-term calcium hydroxide treatment or placement of a mineral trioxide
aggregate (MTA) plug (2). Regenerative endodontic treatment has provided an addi-
tional treatment option that aims to allow both continued root formation and apical
closure, while restoring immune and sensory functions within the pulpal space (3).

The advancement of pulp regeneration in endodontics has been made possible
through progress in tissue engineering. Tissue engineering “integrates the fields of
biology and engineering into a discipline that is focused on tissue regeneration instead
of tissue repair” (3) and requires a triad of stem cells, growth factors, and scaffolds (4).
The protocol for regenerative endodontic treatment has been modified continuously to
achieve the optimal environment for the regeneration of the pulp-dentin complex (5).
The potential to refine and improve this clinical procedure involves the ability to control
the growth factors present in the pulpal space. Growth factors can modify the environ-
ment of the stem cells, thus ultimately allowing control of cell fate (6). In a prospective
study Nagy et al (7) demonstrated a significant increase in root width and length by us-
ing a hydrogel containing basic fibroblast growth factor. Iohara et al (8, 9) showed de
novo regeneration of the pulp-dentin complex by transplanting autologous stem/pro-
genitor cells and signaling molecules such as granulocyte colony-stimulating factor or
stromal derived factor-1 in the root canals of pulpectomized dog teeth.

Recombinant human platelet-derived growth factor (thPDGF-BB) has already
demonstrated its effectiveness in periodontal regeneration (10—13). Platelet-derived
growth factor (PDGF) is reported to have chemotactic and mitogenic effects on mesen-
chymal cells and possesses angiogenic ability (6, 10). PDGF has 4 isoform homodimers
(AA, BB, CC, and DD) and 1 heterodimer (AB) (6). PDGF-BB s 1 of 4 homodimers and
can bind to cell receptor dimers PDGFR «/«x, o/, and 3/8 (6). The most effective
group within the PDGF family, PDGF-BB (6), comes in the commercially available
GEM 218 (Osteohealth, Shirley, NY) and is composed of highly purified rhPDGF-BB
and beta-tricalcium phosphate. Using growth factors that promote chemotaxis and pro-
liferation/differentiation of mesenchymal stem/progenitor cells can potentially provide
more control of the tissue formed in pulp regeneration and may provide higher and
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Regenerative Endodontic Treatment versus Apical Plug in Immature Teeth: Three-Year Follow-Up

Regenerative Endodontic Treatment versus Apical Plug in Immature

Teeth: Three-Year Follow-Up

Saeed Asgary*/ Mahta Fazlyab**/ Ali Nosrat ***

This report compares and evaluates the treatment outcomes of regenerative endodontic treatment and apical
plug as two accepted treatment protocols in a pair of necrotic immature maxillary central incisors of a 12-
year old female. The patient was referred complaining of a dull pain and swelling in her upper lip area.
She had a history of trauma to the anterior maxilla two years earlier. Both teeth were clinically diagnosed
with pulp necrosis and periapical radiographs revealed that separate periapical radiolucent lesions
surrounded the immature apices of both teeth. The left and right incisors were treated with apical plug and
regenerative endodontic treatment, respectively, using calcium-enriched mixture (CEM) cement. The patient
was followed-up for three years. During this period, both teeth were clinically asymptomatic and showed
complete radiographic healing of the periapical lesions. The right central incisor showed root development.
No tooth discoloration was evident. Apexification by apical plug placement and pulp regeneration are both
reliable treatments for immature non-vital teeth. In order to choose the right treatment the advantages of
either technique should be weighed against its drawbacks. CEM cement can be successfully applied for both

purposes. This biomaterial causes less discoloration of the tooth.

Key words: Calcium-Enriched Mixture, Pulp, Revascularization, Regeneration

INTRODUCTION

anagement of immature teeth with necrotic pulp and
Mapical periodontitis is considered as a clinical challenge

because of several reasons; the root canal space is
infected and the thin dentinal walls cannot be adequately instru-
mented . In addition, the patent apical foramen lowers the chances
of proper sealing and due to under-developed root structure, the
tooth is still vulnerable to cervical fractures 2. These challenges
necessitate specific approaches such as a chemical disinfection
protocol with minimal instrumentation *, apical sealing through
apexification by means of hard tissue barrier induction with
calcium hydroxide (CH) ! or apical plug * and finally reinforce-
ment of the thin dentinal walls %
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Although apexification with CH was claimed to be a successful
procedure °, it is time consuming and requires patient’s cooperation.
It has been estimated that 30% of the teeth that have undergone CH
apexification fracture during/after long-term endodontic treatment
¢, Because of the special configuration of the immature apex (the
apical diameter being larger than the coronal diameter), a softened
filling technique is indicated in these teeth 2. Placement of an apical
plug and then backfilling of the canal during one or two visits, based
on the symptoms and presence/absence of exudation/suppuration
through the root canal space, has gained popularity among clini-
cians 7. An ideal plug material should seal the pathway between the
root canal space and the surrounding tissues. In addition, it needs to
be nontoxic, biocompatible, insoluble in tissue fluids, and dimen-
sionally stable ®. Calcium-enriched mixture (CEM) cement is a
tooth-colored water-based cement with a different chemical compo-
sition compared to mineral trioxide aggregate (MTA) and similar
clinical applications °. It offers favorable sealing, antimicrobial
properties similar to those of CH '°, hard tissue induction properties
' and compared to MTA, it has shorter setting time, greater flow-
ability and lower film thickness 2.

As a biologically-based treatment alternative for immature
infected teeth with apical periodontitis, tissue regeneration within
the root canal space is possible when the following criteria are met:
proper canal disinfection, presence of a matrix into which the tissue
can grow and adequate coronal seal '*2. There are several reports of
successful regenerative endodontic procedures owing their outcome
to proper infection control . Different technique/methods of
disinfection (mainly using CH or different antibiotic pastes) have
been introduced. Under ideal circumstances, the successful outcome
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Management of an immature, partially necrotic
permanent molar by pulp revascularization:

Two-year follow-up
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Root canal treatment of Immature teeth Is considered a great
challenge for both the dentist and the patient. The thinness of
the root canals walls and the lack of an apical barrier leads to
unpredictable treatment results. Revascularization Is 2 novel
promising treatment option In the field of regenerative end-
odontks for management of immature necrotic permanent
teath. This case presents a successful treatment of an B-year-
old patient with a partially necrotic, immature permanent
mandibular right first molar pulp by revascularization. The
revascularization procedure was performed In two appoint-
ments using nitrous oxide sedation to reduce the child's anxi-
ety during treatment. Following reot canal disinfection with

NaOCl, a triple antiblotic paste (ciprofloxacin, metronidazole,
and minocydine] was applied Into the canal. One week later,
Induction of bleeding, application of MTA, and tooth restor-
ation using a stainless steel crown were performed. At the
subsequent follow-up appointments (3, 9, and 16 months) the
tooth was asymptomatic. After 2 years a radlographic assess-
ment revealed complete perlapical healing and apical closure,
as well as increase in root length and dentin thickness.
Conclusion: This case supports the evidence of revasculariza-
tion as a biokgical treatment option for the management of
necrotic young permanent teeth. (Quintessence int 201748
309-313; doi. 10.32904.a1.237801)

Key words: antibictic paste, children, immature permanent tooth, nitrous cxide, partially necrotic pulp, regenerative
Y 9

endodontic treatment

Root canal treatment of immature teeth remains a chal-
lenging task for dentists, as the instrumentation of the
canal(s) with conventional technigues is difficult. More-
over, a good apical seal is impossible to obtain, because
of the lack of an apical stop. Up to now, apexification
has been considered as one of the suggested treatment

options for nonvital immature permanent molars. This
treatment aims at the creation of an apical calcified
barrier by applying calcium hydroxide in multiple visits.
The main disadvantages of apexification are the long
treatment time and follow-up pericd and the remain-
ing thinness of the root canal wall.!
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Second-generation Platelet Concentrate
(Platelet-rich Fibrin) as a Scaffold in Regenerative
Endodontics: A Case Series
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Anstract

Introduction: The purpose of this case series was to
report the clinical and radiographic results of a pulp
regenerative procedure using platelet-rich fibrin (PRF),
a second-generation platelet concentrate, in immature
teeth with necrotic pulps. Methods: Root canal revas-
cularization using PRF was performed on 4 immature
teeth with necrotic pulps. After access cavity prepara-
tion, the root canals were irrigated with low concentra-
tion sodium hypochlorite solution (1.5% sodium
hypochlorite [20 mL/canal, 5 minutes]) and then irri-
gated with saline (20 mL/canal, 5 minutes). Equal pro-
portions (167 mg) of ciprofloxacin, metronidazole, and
cefaclor were mixed and diluted to a final concentration
of 1 g/mL. Finally, the canal was sealed with 3—4 mm of
a temporary restorative material, and patients were dis-
missed for 2 to 3 weeks. At the second appointment,
9 mL of the patient’'s whole blood was obtained and
centrifuged to prepare a PRF clot. Canals were irrigated
with 17% EDTA, and a sharp spreader was inserted
beyond the apex. Then, the PRF clot was placed inside
the root canals, and Biodentine (Septodont, Saint-
Maur, France) was placed directly over the PRF. The
teeth were restored permanently with glass ionomer
cement and composite resin. Results: Clinical examina-
tions revealed that all cases were asymptomatic at the
recall appointments at 1, 3, 6, 12, and 18 months. Ra-
diographs revealed resolution of the periapical lesions,
further root development, and apical closure in all cases.
Conclusions: On the basis of the short-term results up
to 12 months, PRF clots acted as successful scaffolds for
the regeneration of pulpal contents in immature teeth
with necrotic pulps. (J Endod 2016; Il :1-8)

Key Words
Open apex, platelet-rich fibrin, regenerative endodontics, revascularization, second-
generation platelet concentrate

Endodontic treatment of
immature teeth with
necrotic pulps is chal-
lenging because of the
thin dentinal walls of the
roots and their suscepti-
bility to fracture (1). His-
torically, calcium hydroxide was used for apexification of such teeth, but long-term
calcium hydroxide treatment may disrupt the links between collagen fibers and hy-
droxyapatite crystals, which results in reduced micro-hardness and increased suscep-
tibility to fracture (2-5). To overcome the drawbacks of calcium hydroxide
apexification, 1-step apical closure techniques using mineral trioxide aggregate
(MTA) were introduced (2). However, in this technique the root length and thickness
of dentinal walls remains unchanged (6). Regenerative procedures are a feasible option
for treatment of immature teeth with necrotic pulps especially since further develop-
ment of the root apex and increased thickness of root walls are expected (7). In the
past two decades, several reports have described clinical and radiographic evidence
of successful regenerative procedures for treatment of such teeth (8). Induced bleeding
and blood clots are integral parts of these procedures as they provide an appropriate
scaffold and sufficient stem cells (9, 10). Platelet-rich plasma (PRP) has also been rec-
ommended as a potential scaffold for regenerative endodontic treatments (11, 12).
1t has been shown that stimulated platelets release secretory granules that contain
a variety of growth factors (13). PRP releases growth factors rapidly within 7 to
14 hours, which then declines (13). A second-generation platelet concentrate,
platelet-rich fibrin (PRF), was developed by Choukroun et al (14). PRF has high con-
centrations of fibrin clots; no supplementary thrombin is needed during its preparation.
PRF is formed during a gradual polymerization protocol that incorporates a higher con-
centration of cytokines into fibrins (13). Therefore, growth factors meshed in these fi-
brins are released more slowly between 7 and 14 days (13). In this case series, a
regenerative procedure using PRF was performed on 4 immature single-rooted teeth

Endodontic treatment of immature teeth with
necrotic pulps is challenging. Platelet-rich fibrin
blood clots are suggested as a feasible alternative
for regenerative endodontic protocols.
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Abstract

Revascularization-associated intracanal calcification
(RAIC) is a common finding in immature teeth managed
with regenerative endodontic treatment (RET). The aim
of this report was to illustrate a case in which 2 mandib-
ular premolar teeth developed complete canal oblitera-
tion and have been reviewed for 8 years. The 3 primary
outcome goals as defined by the American Association
of Endodontists after RET are resolution of signs and
symptoms of pulp necrosis, further root maturation,
and achievement of responses to pulp vitality testing.
The teeth had been included in an earlier quantitative
study in which an increase in root canal width of
72.1% and 39.6% and an increase in root length of
1.7% and 0% were reported for teeth #20 and #29,
respectively. Qualitative assessments over the 8-year re-
view period showed no pathosis and a response to elec-
tric pulp testing at the final review. A quantitative
assessment at the 8-year review showed an increase
of 100% for canal width because complete calcification
had occurred and no substantive change in root length
(—0.17% and 0.68% for teeth #20 and #29, respec-
tively). In this report, complete RAIC occurred in both
teeth over time. RAIC has the potential to complicate
future endodontic or prosthodontic treatment if neces-
sary. Therefore, it is recommended that the American
Association of Endodontists clinical considerations for
a regenerative endodontic procedure be updated to
include the incidence of RAIC after RET. (J Endod
2018;44:1792-1795)

Key Words

American Association of Endodontists clinical consider-
ations for a regenerative endodontic procedure, regener-
ative endodontic treatment, revascularization-associated
intracanal calcification

Regeneraﬁve endodon-
tic treatment (RET) of
immature  teeth  with
pulp necrosis has compa-
rable outcomes for the
resolution of signs and
symptoms of apical peri-
odontitis with other treat-
ment  approaches  of
calcium hydroxide apexification and mineral trioxide aggregate (MTA) apical barrier
techniques (1—4). The advantage of RET is the potential for future root maturation
with increased canal wall thickness, root length, and apical closure (1, 2, 5-8).
Several studies have shown the extent of further root maturation is variable (1-3,
7-9). Intracanal calcification has been described as a calcific response after RET
(10). However, a recent review identified a high prevalence of revascularization-
associated intracanal calcification (RAIC) at 62.1% of revascularization cases and
the progressive nature of this condition with time (11). Teeth were reviewed for an
average of 24.9 months with a range of 12-71 months. There is a paucity of cases
with long-term follow-ups, which are needed to adequately assess the efficacy of RET
(1,9, 12) and posttreatment sequelae.

The American Association of Endodontists (AAE) clinical considerations for a
regenerative endodontic procedure define 3 outcome measures (13). The primary
goal is the elimination of symptoms and the evidence of bony healing. The secondary
goal is increased root wall thickness and/or increased root length (desirable but
perhaps not essential). The tertiary goal is a positive response to vitality testing (which,
if achieved, could indicate more organized vital pulp tissue). The possible adverse ef-
fects stated are staining of crown/root, lack of response to treatment, and pain/infection
(13). Other posttreatment sequelae like intracanal calcification and/or ingrowth of
bone are not outlined despite the significance of these phenomena on potential adverse
future clinical outcomes. Long-term reports are more likely to show variations on the
healing responses such as progressive intracanal calcification. The purpose of this
report was to illustrate extensive RAIC of 2 mandibular premolars treated with RET
at an 8-year review.

Because revascularization-associated intracanal
calcification is a common finding in immature teeth
treated with regenerative endodontic treatment,
the AAE considerations for a regenerative proced-
ure should outline the potential for this variation of
healing outcome.

Case Report
An 11-year-old female patient was referred because of the presence of a draining
sinus associated with the left mandibular second premolar (tooth #20) (Fig. 14). Both
mandibular premolar teeth on the left had small occlusal composite resin restorations.
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Abstract

ElSheshtawy AS, Nazzal H, EI Shahawy Ol, El Baz
AA, Ismail SM, Kang J, Ezzat KM. The effect of
platelet-rich plasma as a scaffold in regeneration/revitalization
endodontics of immature permanent teeth assessed using 2-
dimensional radiographs and cone beam computed
tomography: a randomized controlled trial. International
Endodontic Journal, 53, 905-921, 2020.

Aim To assess the outcomes of platelet-rich plasma
as a scaffold in regenerative/revitalization endodontics
(RET) using cone beam computed tomography (CBCT)
and 2-dimensional radiographs.

Methodology Twenty-six healthy patients with
mean age of 12.66 + 4.47, and immature permanent
anterior teeth with necrotic pulps, were randomly
allocated to two groups, whereby RET was performed
using platelet-rich plasma (PRP, test group) and blood
clot (BLC, control group). Changes in root length
(RL), root dentinal thickness (RDT), apical foramen
width (AFW) and radiographic root area (RRA), were
assessed using both radiographic methods, whilst
changes in periapical area diameter (PAD) were
assessed using CBCT, over a period of 12 months. T-
test and chi-square/Fisher’s exact tests were used to
compare continuous and categorical data between
BLC and PRP groups, respectively. Changes in RL,

RDT, AFW, RRA and PAD were examined by compar-
ing the two groups (PRP versus BLC) using multilevel
modelling, considering the clustering effect of repeated
measures of several teeth originating from the same
participant.

Results Changes in RL, RDT, AFW, RRA and PAD,
over time, were found to be significant for both
groups. There was, however, no difference between
the RET techniques (PRP versus BLC), using both
radiographic and CBCT methods. The results of both
assessment techniques (CBCT and 2-dimensional
radiographic methods) were highly consistent (overall
ICC ranged between 0.80 and 0.94). In addition, a
significant effect of baseline PAD was found on RL,
RRA and AD at 12 months (RL effect = —0.68,
P < 0.001; RRA effect = —1.91, P = 0.025; AD
effect = 0.08, P = 0.024).

Conclusion The current study highlights successful
and comparable clinical and radiographic outcomes of
RET techniques using PRP and BLC. Standardized and
calibrated 2-dimensional radiographic assessment was
as effective as CBCT in assessing RET outcomes; there-
fore, the routine use of CBCT in RET is not recom-
mended. Although an effect of baseline periapical
lesion diameter on root development outcomes, at
12 months, were observed, more studies are recom-
mended in order to assess such an effect.
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Abstract

Introduction: Pulp revascularization may be considered
a promising alternative for traumatized necrotic imma-
ture teeth. The aim of this study was to evaluate trauma-
tized immature teeth treated with 2 protocols of pulp
revascularization. Methods: Twenty-three teeth of
young patients (7-17 years old) with necrotic upper in-
cisors caused by dental trauma were divided into 2
groups; one group was treated with triple antibiotic
paste (metronidazole, ciprofloxacin, and minocycline)
(TAP) (n = 12), and the other was medicated with com-
bination of calcium hydroxide and 2% chlorhexidine gel
(CHP) (n = 11). Patients were treated and followed up
for a period from 9-19 months in 2 dental institutions
for evaluation of clinical and radiographic data. Results:
Most of the teeth were affected by lateral luxation
(47.8%). Clinical evaluation in group TAP showed signif-
icant reduction in spontaneous pain (P = .01), pain on
horizontal percussion (P = .007), and pain on palpation
(P =.03), whereas group CHP showed significant reduc-
tion in pain on vertical percussion (P = .03). Crown
discoloration was observed significantly more in teeth
of group TAP (83.3%) (P < .002). On radiographic
exam, periapical repair was found in all TAP-treated
teeth (P = .03). Similarly, the same findings were found
for all teeth treated with CHP with exception of 1 tooth
(P = .21). Apical closure was significantly observed in
both groups (P < .05). Increase in root length was
demonstrated in 5 teeth (41.7%) and 3 teeth (27.3%)
of groups TAP and CHP, respectively. Thickening of
lateral dentinal walls was observed in 5 teeth of each
group. Conclusions: Revascularization outcomes for
traumatized patients treated with the tested protocols
presented similar clinical and radiographic data. Howev-
er, TAP caused esthetic problem leading to tooth discol-
oration, which can be considered a disadvantage when
compared with CHP. (J Endod 2014,;40:606-612)
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ost of the dental traumas are associated with luxation injuries, which may damage

the periodontal ligament attachment as well as the apical neurovascular bundle.
Depending on the severity, the tissue may be compressed or disrupted, and both the
cells and intercellular structures may be damaged (1). In traumatized immature teeth,
this damage to periapical region may also affect apical papilla cells and periodontal lig-
ament cells, and any disruption of these structures may impede further root develop-
ment (2). In this context, healing after a luxation injury involves reorganization and
reestablishment of the continuity of the periodontal ligament fibers, including pulpal
revascularization and reinnervation. When reinnervation does not occur, pulp tissue
becomes necrotic (3). Pulp necrosis is the most frequent posttraumatic complication
in all types of dental traumas; it is more frequent in mature than in immature teeth (4).
The most traditional endodontic treatment for immature teeth is apexification through
periodic changes of intracanal medication or using an apical plug of mineral trioxide
aggregate (MTA) (5-8).

Recently, pulp revascularization has been studied as an alternative therapy for
immature necrotic teeth, with the advantage of inducing root-end development (9,
10). Most of the pulp revascularization studies refer to case reports that use passive
decontamination and antibiotic paste composed of metronidazole, ciprofloxacin, and
minocycline as intracanal medication (11-13). Calcium hydroxide also has been
used as intracanal dressing, although there still is controversy in the literature
concerning its beneficial properties when used in contact with undifferentiated cells
and dentin root walls (14—18). A recent case report demonstrated success in pulp
revascularization performed with the combination of calcium hydroxide and 2%
chlorhexidine gel, showing thickness in dentin walls and increase in root length and
apical closure (19).

Case reports on pulp revascularization have mostly been evaluated in terms of api-
cal periodontitis and dentoalveolar abscesses (20, 21). However, pulp necrosis in
immature teeth may also occur in traumatized teeth, which present different
mechanisms of complications and physical compromise of the periodontal ligament
cells and apical papilla when compared with pulp necrosis caused by infection.
Considering the importance of the integrity of periodontal ligament cells for
revascularization repair, the clinical success of such protocols should be evaluated.
In addition, dental trauma may play a different role in the apical repair of immature
teeth, considering the possibility of physical destruction of stem cells. This study
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