Universidad
Europea

GRADUATION PROIJECT

Degree in Dentistry

IS IT CURRENTLY POSSIBLE TO REGENERATE
THE PULP IN MATURE PERMANENT TEETH
WITH IRREVERSIBLE PULPITIS OR NECROSIS?
AN UP-TO-DATE LITERATURE REVIEW

Madrid, academic year 2024/2025

Identification number: 89



ABSTRACT

Introduction: The “gold standard” to treat mature teeth with irreversible pulpitis or necrosis is
root canal treatment (RCT), however by removing the pulp tissue, the tooth loses its vital
functions. Regenerative endodontic therapy (RET) aims to restore these functions. While
successful in immature teeth, RETs have recently been applied to mature teeth using pulp
engineering, stem cells, scaffolds and growth factors; Objectives: to assess pulp tissue
regeneration in mature teeth with irreversible pulpitis or necrosis; Material and Methods: An
online literature review was conducted using PubMed, MedLine, manual searching in the
“Revista Oficial de Endodoncia Espafiola” (AEDE) and articles reference lists. References were
exported via Zotero™ and limited to English and Spanish articles on mature permanent teeth
from 2015 onwards; Results: 15 articles met inclusion and exclusion criteria, including 3 case
series, 3 clinical cases, 4 randomized trials, 2 randomized studies, 2 retrospective case studies,
1 randomized control study; Conclusions: RETs show promising outcomes in mature teeth,
although there is not sufficient evidence demonstrating its effectivity on a long-span period (>
5 years). Periapical bleeding is the primary technique to obtain cells and factors for tissue
regeneration. Bacterial clearance and coronal sealing are essential for success. Further studies
are needed to determine whether RETs can replace RCTs in mature teeth.
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RESUMEN

Introduccién: El tratamiento de conductos radiculares (TCR) es el “gold standard” para tratar
dientes maduros con pulpitis irreversible o necrosis, pero al eliminar tejido pulpar, el diente
pierde sus funciones vitales. La terapia endoddntica regenerativa (TER) busca restaurar estas
funciones, aplicandolas solo recientemente en dientes maduros, usando ingenieria de pulpa,
células madre, andamios y factores de crecimiento; Objetivos: Evaluar la regeneracion del tejido
pulpar en dientes maduros con pulpitis irreversible o necrosis; Material y Metodos: Se realizé
una revision bibliografica usando PubMed, MedLine, busqueda manual en la “Revista Oficial de
Endodoncia Espafiola” (AEDE) y bibliografia de articulos, exportando las referencias mediante
Zotero™. Se consideraron articulos en inglés y espafiol sobre dientes permanentes maduros
desde 2015; Resultados: 15 articulos respetaron los criterios de inclusion y exclusién: 3 series
de casos, 3 casos clinicos, 4 ensayos aleatorizados, 2 estudios aleatorizados, 2 estudios
retrospectivos y 1 estudio controlado aleatorizado; Conclusiones: Las TER muestran resultados
prometedores en dientes maduros, aunque no hay suficiente evidencia que demuestre su
efectividad a largo plazo (> 5 Afos). El sangrado apical se usa para obtener células y factores
para la regeneracion. La eliminacion bacteriana y el sellado coronal son esenciales. Se necesitan
mas estudios para determinar si las TER pueden reemplazar los TCR en dientes maduros.
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1. INTRODUCTION

The pulp is a highly vascularized and innervated connective tissue that is found inside the tooth
beneath the dentin (1). It runs along the root up to the crown (2,3).

It contains various cell types (such as odontoblasts, fibroblasts, histiocytes, mast cells,
macrophages and plasma cells) essential for the development of the tooth’s tissues, defense
mechanisms and the tooth’s nutrition. Besides cells, the pulp is also formed by connective tissue,
made mainly of collagenous fibers, and ground tissue (2).

The pulp has four main functions: formative, nutritive, sensorial and defensive (4,5).

1.1. Irreversible pulpitis

Irreversible pulpitis is an inflammation that blocks regenerative or healing processes, hence the
use of the term “irreversible”, of the pulp tissue (3). While it is often caused by caries, It may
also be caused by other stimuli such as traumas (6).

It is divided in symptomatic and asymptomatic. Typically, the symptomatic irreversible pulpitis
is characterised by a sharp, constant pain, that is triggered by a stimuli, such as cold and hot
temperatures, consuming sweets and laying down (6).

It is diagnosed by vitality tests performed over the affected tooth that show increased positivity
(the pain is very acute, and it doesn’t stop if the stimulus stops) (4).

Normally, irreversible pulpitis is treated by performing root canal treatment (RCT). If it is not

treated, the pulp will eventually become necrotic (4).

1.2. Necrosis
Necrosis refers to the partial or complete death of the dental pulp due to insufficient or lost
blood supply (5). In mature permanent teeth, the protocol followed in case of necrosis is to

perform a RCT. If pulp necrosis is not treated, it can lead to more problematic consequences (7).

1.3. Endodontics and root canal treatment

Endodontics is the branch of dentistry that is related to the management of the pulp. Its main
objective is to preserve a natural tooth in case of any kind of damage (8).

The most studied and currently performed treatment in this area is the RCT. It consists of
removing the infected pulp and disinfecting the root canals to create a sterile environment as
much as possible. The root canal is then sealed with biocompatible materials such as Gutta

Percha (9).



1.4. Endodontic Regenerative Therapy

While RCTs are largely successful in treating irreversible pulpitis and necrosis, the tooth does
loses its pulp and, as a result, lacks its nutritive and defensive mechanisms (10). Therefore, a
devitalised tooth is weaker and more prone to fractures and new infections. Regenerative
Endodontics Therapy (RET) tries to find solutions to this condition and to save a tooth’s pulp. To
achieve this objective, RET uses an engineering triad (stem cells, biomimetic scaffolds and
bioactive growth factors) to achieve regeneration of the pulp tissue (11).

The use of bioactive materials aims to enhance the formation of odontoblast-like cells, that can
differentiate into odontoblasts and make more dentine, and act to maintain pulp homeostasis
(12).

In order to have the differentiation of cells and the formation of new tissue, it is essential to
have a favourable microenvironment with a correct interaction among cells (13). These
conditions can be created thanks to the use of different scaffolds that support the retention,

proliferation, migration and organization of the new cells (14).

1.5. Pulp engineering

Pulp engineering is a field of endodontics where the main objective is to find new techniques
with satisfactory results in pulp regeneration (15).

The principal materials used in pulp engineering are stem cells, signeting molecules and
materials to be used as physical scaffold, such as Platelet-rich plasma (PRP) and platelet-rich-
fibrin (PRF). PRP and PRF are autologous derivatives from blood that are used due to their ability
of inducing tissue regeneration (15,16).

There are different kinds of dental stem cells depending on their origin: from the apical papilla
of immature permanent teeth (SCAP), that form new dentin at the level of the root (17); from

the pulp of a permanent tooth (DPSCs), that form dental pulp-like tissue (15).

1.6. Historical background

RET was first used in 1961 by Nygaard Ostby, who studied the potential regenerative effect of
blood clot formation inside the root canal after an over-instrumentation. Ostby referred to this
therapy as revascularization (18). The American Association of Endodontics (AAE) defined RET
or revascularization as procedures that are biologically based, where their objective is to restore
dental tissues that are damaged (19). In 2001 the method of revascularization was first used and
described by Iwaya et al. 2001 in a clinical case of an immature premolar that was necrotic. After

the treatment, the outcome showed root maturation and thickening of root canal walls (20).



Immature permanent teeth do not have a fully developed root, leaving the apex open and
divergent on X-rays (16). An open apex increases the risk of infection spreading from the pulp
to the periapical tissues. However, it also provides better access to SCAP, which can help

regenerate both the pulp and the incomplete apex (21).

In 2000, dental pulp stem cells in permanent teeth (pDPSC) and, in 2003, dental pulp stem cells
in deciduous teeth (dDPSC) were discovered respectively. A new era for regenerative procedures
started (17,22). Clinicians began to relate the term “revascularization” with RET procedures
using calcium hydroxide as intracanal medication. Although its use has been later questioned,
CaOH remained the cement of choice as medication (23). The use of a new material, mineral
trioxide aggregate (MTA), was studied in the early 2000s. From 2006 onwards, it was preferred
because of its excellent sealing properties and support for new tissue growth (24).

Hoshino et al. 1996 proposed a paste formed by ciprofloxacin, metronidazole and minocycline
that was widely used by clinicians (25). After a study by Banchs & Trope, it became known as
triantibiotic paste, and it continued to be used as disinfection system during many years (26).
The studies of stem cells and BioRoot (MTA based cement) engineering continued in immature
teeth aiming to develop a protocol that could likely replace the use of dental implants, form new
bone and induce hematopoietic marrow elements, as well as allowing the development and
maturation of the apex (21).

In 1996 Mooney et al. pioneered new systems in the pulp tissue engineering and the use of
biocompatible materials and chemicals in dentistry (27). An article published in 2008 showed
how the studies of stem cells, scaffolds and growth factors (GF) improved the success of
regenerative endodontics (21). PRP was found to be a good option as scaffold material (28,29),
with its first clinical use reported by Torabinejad M. et al. 2011. RETs have continued to advance
with higher success rates and new scaffolds materials, such as polylactic acid (PLA) , have been
introduced (30). In 2018, the AAE protocol included autologous materials like blood clots, PRF,

PRP and autologous fibrin matrix (AFM) for immature teeth with necrosis (31).

1.7. Current state of the subject

While initially reserved for immature teeth, recently, RET techniques have been applied to
mature teeth with irreversible pulpitis or necrosis. The treatment yielded surprising results,
including regeneration of proprioception and the immune system (32).

Although there is a need for more studies on mature teeth, recent meta-analysis suggest that

RET in teeth with closed apex and a pulp pathology could be a feasible alternative to



conventional RCTs (33,34). The difference between mature and immature permanent teeth is
that the first has its apex closed and the root is fully developed (35).

Scelza et al. 2021 carried out a meta-analysis of studies comparing clinical and radiographic
outcomes of mature teeth with necrotic pulp before and after REP, where RCT was used as
control group. The results were positive to REP, but further clinical studies are needed to confirm
RET's role as a definitive alternative to RCT (34). Other studies have confirmed RET as a likely
alternative option to the conventional treatments used in endodontics (33,36,37). However, it
is true that mature teeth have less stem cells than immature teeth due to the closed apex,
resulting in a more difficult communication between the pulp and the SCAP (38). Cases where
the RET’s outcome is negative are also described and detailed studies on the contributing factors

are still required (39).

1.8. Justification

RCT has been used to preserve natural teeth in the mouth and has avoided resorting to the need
of extractions and implant placement in many cases, becoming the “gold standard” treatment
in endodontics. However, the functions of the pulp are essential for the teeth. RET restores the
pulp-dentin complex, making it an alternative to RCT and the disadvantages that it brings, such
as root fractures or reinfections. While RET has been tested and confirmed as a good alternative
on immature permanent teeth, more research on mature permanent teeth is still needed before

it can be identified as the treatment of choice in cases of irreversible pulpitis or necrosis.

2. OBIJETIVE
To analyze according to the literature if it is possible to regenerate the pulp of mature

permanent teeth in case of irreversible pulpitis or necrosis at present.

3. MATERIALS AND METHODS

An electronic search of the Medline and PubMed was conducted in October 2024. The literature
search was extended by manual searching in the AEDE, la Revista Oficial de Endodoncia
Espafola. Another manual searching was made from the reference lists of the essential articles.
All references were exported with the use of free software Zotero™ software (Vers. 7.06).

This study is focused on mature permanent teeth with irreversible pulpitis or necrosis and
regenerative treatments that can bring the pulp back to a normal response and functions. A total

of 15 articles were studied.



The selection of articles was based on eligibility criteria:

Inclusion criteria

Articles in English and Spanish were considered starting from the year 2015 for the results
section to have more homogeneous and relevant data.

Studies on mature permanent teeth with irreversible pulpitis and / or necrosis.

Studies that were: randomized clinical trials, cohort studies, case series, clinical cases and case
reports.

Sample: adult and adolescent individuals.

The selected articles presented data with sufficient bibliographical references.

Exclusion criteria

Articles before 2015.

Articles about immature permanent teeth.

Articles on mature permanent teeth that did not allow complete access were excluded.
Studies on mature permanent teeth with reversible pulpitis.

Studies over animals were also excluded.

In vitro studies.

Studies that were: systematic reviews and narrative reviews.

Studies with no relevant conclusions on the topic of research.

SEARCH STRATEGY

IDENTIFICATION OF SEARCH TERMS

In patients with mature permanent teeth with irreversible pulpitis or necrosis, how does pulp
regenerative therapy compared to root canal treatment and regenerative procedures on
immature teeth affect the regeneration of the pulp-dentin complex and the return of

neurogenesis?

*Key words: in English and then translated to Spanish

EN: Adolescents; adults; mature permanent teeth; irreversible pulpitis; necrosis; pulp
regenerative therapy; root canal treatment, pulp-dentin complex, neurogenesis.

ES: Adolescentes; adultos; dientes permanentes maduros; pulpitis irreversible; necrosis; terapia

regenerativa de la pulpa; endodoncia; complejo pulpo-dentinario; neurogénesis.
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SEARCH EQUATION
The following equations were used for the search in the data-source Pubmed in English.
- (((dentistry) AND (tissue engineering)) AND (scaffolds)) AND (mature teeth)
- (((irreversible pulpitisiMeSH Terms]) OR (pulp necrosis[MeSH Terms])) AND ((mature
permanent teeth[MeSH Terms]) NOT ((immature permanent teeth[MeSH Terms]) OR
(open apex[MeSH Terms]) JAND (REGENERATIVE ENDODONTICS)
- (((((dentistry) AND (mature teeth)) AND (irreversible pulpitis)) OR (pulp necrosis)) NOT
(immature teeth)) NOT (open apex)
- ((({((((dentistry) AND (mature teeth)) AND (irreversible pulpitis)) OR (pulp necrosis)) NOT
(immature teeth)) NOT (open apex)) AND (tissue engineering)) AND (scaffolds)
- (((dentistry) AND (pulp regenerative techniques)) AND (mature teeth)) NOT (immature

teeth)

The equations were adapted and applied to the other data sources following their own

specifications. The same process was conducted in Spanish.

The review was managed in accordance with the PRISMA statement (40). The searching and
selection processes are demonstrated in the flow chart in Figure 1.

All included clinical trials were independently assessed for the risk of bias.

4. RESULTS
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Identification

Records identified from*:
Databases: (n = 507)
PUBMED: 310
MEDLINE: 197

A 4

Screening

Records screened
(n=327)
PUBMED: 303
MEDLINE: 24

\ 4

Records removed before screening:
Duplicate records removed (n = 2)
Records removed because of different
language (n = 2)

Records removed for other reasons (n =
176. [PUBMED: 5; MEDLINE: 171)

Records identified from:
Citation searching (n = 6)

Records excluded**
(n =289)

A

Reports sought for retrieval
(n=38)

PUBMED: 280
MEDLINE: 9

Reports not retrieved

y

Reports assessed for eligibility
(n=38)

(n=0)

Reports excluded:
Pulpotomy treatment (wrong

A4

Included

Studies included in review
(n=9)

Reports of included studies
(n=6)

intervention) (n = 4)
Wrong population (n = 1)
Other reasons (n = 24)

Reports sought for retrieval
(n=6)

\ 4

Reports not retrieved
(n=0)

Reports assessed for eligibility
(n=6)

Figure 1. Flow chart of the literature search. (40)
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The types of articles that were analysed are shown in the following table [Table 1]:

Table 1. Study types.

NUMBER AUTHOR STUDY TYPE

1 Saoud et al. 2016 (41) Case series

2 Nagas et al. 2018 (42) Clinical case

3 Samra et al. 2018 (43) Case series

4 Nageh et al. 2018 (44) Clinical study

5 Jha et al. 2019 (45) Randomized clinical trial

6 Arslan et al. 2019 (46) Preliminary randomized clinical study
7 Meza G et al. 2019 (47) Retrospective case study

8 El-Kateb et al. 2020 (48) Randomized control clinical trial
9 Brizuela et al. 2020 (49) Randomized control clinical trial
10 Feitosa et al. 2021 (50) Randomized control study

11 Mittal et al. 2021 (51) Randomized clinical trial

12 Aguilar et al. 2021 (52) Clinical case

13 Lu et al. 2023 (37) Retrospective study

14 Al-Rawhani et al. 2024 (7) Randomized control clinical study
15 Brizuela et al. 2024 (53) Cases report

As shown in table 1, different types of studies were analysed: 3 case series studies, 3 clinical case studies, 4 randomized clinical trials, 2 randomized clinical
studies, 2 retrospective case studies, 1 randomized control study.
The main characteristics of these 15 articles are resumed in the following table [Table 2]:
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Table 2. Authors and title of the articles; sample size; brief description of the procedures and the main materials used; materials useful for RET.

Author

Sample

Procedure and Materials

CaOH/Silicate Cement/PRP/Stem cell...

Saoud et al. 2016 (41)

Nagas et al. 2018 (42)

Samra et al. 2018 (43)

Nageh et al. 2018 (44)

Patients: 6 (4F + 2M)

Age: 8-21 yo

Teeth: 7 (3 anterior + 4
molars)

Pathology: necrotic pulp with
apical periodontitis
Aetiology: 3 caries, 4 traumas
Patients: 1 F

Age: 21 yo

Teeth: 2 incisors

Pathology: necrosis  with
apical periodontitis
Aetiology: trauma

Patients: 3

Age: 20-30 yo

Teeth: 3 incisors

Pathology: necrosis with
apical periodontitis
Aetiology: trauma

Patients: 15

Age: 18-40 yo

Chemomechanical debridement and use of
Metapaste. Overinstrumentation.
Anaesthesia: 2% lidocaine with 1:100,000

epinephrine

Triantibiotic paste (ciprofloxacine, metronidazole
and clindamycin). 4 weeks after, removal of the
paste and overinstrumentation.
lidocaine  with

Anaesthesia: 2% 1:100,000

epinephrine

Triantibiotic paste.

After 3 weeks, Overinstrumentation.

Anaesthesia: 3% mepivacaine no vasoconstrictor

Double antibiotic paste (metronidazole 500mg and

ciprofloxacine 500mg).

14

MTA sealed with composite or amalgam.

White MTA and Glass lonomer cement (GIC) and

composite.

MTA and GIC and composite.

Temporary GIC.
Platelet Rich Fibrin (PRF).



Jha et al. 2019 (45)

Arslan et al. 2019 (46)

Meza et al. 2019 (47)

Teeth: upper central incisors
Pathology: necrosis with
apical periodontitis
Aetiology: caries/trauma
Patients: 30

Age: 9-15 yo

Teeth: upper incisors and
multirooted teeth (ex: lower
first molar)

Pathology: necrosis with
apical periodontitis
Aetiology: caries/trauma
Patients: 49

Age: 18-30 yo

Teeth: 56 upper and lower
uniradicular teeth

Pathology: necrosis  with
apical periodontitis

Aetiology: caries/trauma

Patients: 1 M

Age: 50 yo
Teeth: 44

3 weeks after overinstumentation.
Anaesthesia: 2% lidocaine with 1:100,000

epinephrine

Triantibiotic paste. SealBio technique (group I) and
MTA (group Il). Overinstrumentation.

Anaesthesia: 3% mepivacaine no vasoconstrictor

One group: instrumentation and gutta percha
Another group: same instrumentation but with the
use of triantibiotic paste for 3 weeks.
Overinstrumentation.
Anaesthesia:

- RCT: 4% articaine with 1:200,000

epinephrine

- RETs: 3% isocaine no vasoconstrictor
Pulp removal with sterile pulp extractor, placed in
phosphate-buffered saline (PBS) solution, 2 mL
penicillin/streptomycin and 250 mL 80 mg/mL
gentamicin.

15

White MTA.

Calcium sulphate-based cement (Cavit G) with
coronal restoration.

SealBio vs MTA.

Calcium hydroxide (CaOH) paste for 1 week.

Second group: MTA and composite resin.

CaOH capsule mixed in a sterile glass slab
with sterile saline.
Biodentine to seal the canal.

GIC and then composite resin.



El-Kateb et al. 2020 (48)

Brizuela et al. 2020 (49)

Pathology: symptomatic
irreversible pulpitis with

normal apical tissue

Aetiology: caries

Patients: various

Age: 20-34 yo

Teeth: 18 (17 central incisors
+ 1 lateral)

Pathology: necrosis with
apical periodontitis
Aetiology: trauma/defective

restorations

Patients: 36 patients (25 F +
11 M)

Age: 16-58 yo

Teeth: incisors, canines and
mandibular premolars
Pathology: necrosis with

apical periodontitis

Pulp tissue cleaning and enrichment with 10% fetal
bovine serum for 1 week. Overinstrumentation and
PRF clot introduction. Collagen CollaPlug placed
over.
Anaesthesia:
1 visit: 2% hydrochloride with 1:80,000
epinephrine
- 2"visit: 3% mepivacaine no vasoconstrictor
9 teeth treated with REPs with rotary instruments
(PTN) until size X3.
9 (control group) treated with REPs using files until
X5.
Bleeding induced.
Anaesthesia:
- 1% visit: 2% lidocaine with 1:100,000
epinephrine
- 3% mepivacaine no vasoconstrictor
Preparation pf the Platelet Poor Plasma (PPP);
collection of umbilical cords cells; encapsulation of
the UC-MSCs in the PPP.
Gelatin sponge hemostat (Gelita Medical GmbH)
was then placed on the cervical third of the tooth to
contain the Biodentine.
Anaesthesia: N/A
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CaOH until the second visit.

Biodentine.

CaOH paste

Biodentine.



Feitosa et al. 2021 (50)

Mittal et al. 2021 (51)

Aetiology: N/A

Patients: 3 patients (2 M +1F)
Age: 18-40 yo

Teeth: infected uniradicular
premolar

Pathology: necrosis with
apical periodontitis
Aetiology: caries/defective
restoration

Patients: no mention of the
total number.

Age: 16-34 yo

Teeth: 36 necrotic
uniraducular teeth divided
into 4 groups (4 teeth/group).
Pathology: necrosis with
apical periodontitis

Aetiology: N/A

Instrumentation of the premolar and extraction of a
third molar. No apical bleeding. Preserved pulp
tissue of third molar introduced into the canal of the
premolar. Direct pulp capping.
lidocaine  with

Anaesthesia: 2% 1:100,000

epinephrine

4 groups:

I: periapical bleeding

II: Platelet rich fibrin (PRF)
[ll: collagen

IV: hydroxyapatite

Double antibiotic paste (DAP) (metronidazole +

ciprofloxacine).

Collagen group: sterile granule of synthetic

collagen.

Hydroxyapatite group.

Anaesthesia:
1%t visit: N/A

- 2" visit: 3% mepivacaine no

vasoconstrictor

17

Liner of resin-modified glass ionomer cement
(RMGIC) over biodentine and composite
restoration.

Biodentine.

Growth factors, cytokines and
microenvironments used to allow the

regeneration process.

Biodentine.
GIC and composite restoration first

appointment; then PRF.



Aguilar et al. 2021 (52)

Lu et al. 2023 (37)

Al-Rawhani et al. 2024 (7)

Patients: 1

Age: 16 yo

Teeth: 11

Pathology: necrosis with
symptomatic apical
periodontitis

Aetiology: trauma
Patients: 29 (20 F + 17 M)
Age: average 20.5 yo
Teeth: 37 teeth

Pathology: necrosis with or
without apical periodontitis
Aetiology: 10 due to caries
and 27 due to trauma
Patients: 31 patients

Age: 10-35 yo

Teeth: 2 groups of
uniradicular teeth.
Pathology: necrosis and
apical periodontitis
Biodentine vs MTA.
Biodentine group: 13

maxillary central incisors, 4

Overinstrumentation.

Ca(OH)z and zinc oxide eugenol (ZOE).

Collagen sponge over blood clot.
Anaesthesia: 2% lidocaine with 1:100,000

epinephrine

Overinstrumentation.

Resorbable CollaCote placed over the

blood clot, followed by the placement of a 2-mm
thickness of iRoot BP plug.

Anaesthesia: 3% carbocaine no vasoconstrictor

Biodentine vs MTA.
Overinstrumentation.
Collagene sponge over blood clot.
Anaesthesia:
1t visit: 4% articaine with 1:200,000
epinephrine
- 2" visit: 3% mepivacaine no

vasoconstrictor

18

White MTA.
GIC (type Il).

CaOH paste.
GIC for 2 weeks.

CaOH first appointment.
MTA (controlled group) vs Biodentine

(intervention).



Brizuela et al. 2024 (53)

maxillary lateral incisors, 1
mandibular central incisor.
Aetiology: 14 teeth due to

trauma; 4 due to caries.

MTA group: 10 maxillary
central incisors, 5 maxillary
lateral incisors and 3
mandibular central incisors.
Aetiology: 15 due to trauma,

3 due to caries.

Patients: 2 cases

Age: 50yo M and43yo M
Teeth: tooth 35 and tooth 21
Pathology: necrosis and
apical periodontitis

Ethiology: caries

Umbelical-cord derived MSCs (UC-MSCs)

encapsulated in PPP (platelet poor plasma) matrix.

Anaesthesia:
1t visit: 2% lidocaine with 1:100,000
epinephrine
- 2" visit: 3% mepivacaine no

vasoconstrictor

Biodentine.
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The duration of the follow ups and the results of each article are described in [Table 3].

Table 3. Follow-up period and results.

Follow up and tests

Results

Saoud et al. 2016 (41)

Nagas et al. 2018 (42)

Samra et al. 2018 (43)

Nageh et al. 2018 (44)

Jha et al. 2019 (45)

8-26 months follow ups.

Pulp tests and periapicals.

1 months follow up and then every 6
months. 60 months.

Pulp tests (cold and electric) and
periapicals.

3, 6, 9 months.

Pulp tests and periapicals.

3, 6,9 and 12 months.

Electric pulp test and periapicals.

6, 12, 18 months.

Pulp tests (cold and electric) and

periapicals.

Criteria: healed, healing, disease.
Healed: 2 teeth
Healing: 5 teeth
Teeth asymptomatic and healed.

Total resolution of apical radiolucency and restoration of periradicular tissues.

Healed teeth with absence of signs and symptoms.

Case 1: at 3 months slight decreased periapical lesion. At 6 and 9 months even
more decreased. 30 months after, complete healing. Asymptomatic. No
responses to pulp tests.

Case 2: asymptomatic and functional tooth. No response to pulp tests.
Case 3: same as case 1.

Highly significant difference between baseline and 12-months-follow up
period. All teeth healed after 12 months.

Criteria: healed, healing, disease.

13/15 completely healed at 18-month follow-up in the SealBio group.

12/15 completely healed at the 18" month in the obturation group.

No significant difference between the 2 groups.
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Arslan et al 2019 (46)

Meza G et al 2019 (47)

El-Kateb et al 2020 (48)

Brizuela et al. 2020 (49)

Feitosa et al 2021 (50)

Up to 12 months.

Electric pulp test and periapicals.

36 months.
Pulp tests (cold and electric) and

periapicals and CBCT.

1, 3-, 6-, 9- and 12-months of clinic and
radiographic control.

3, 6 and 12 months of MRI assessment.
6 and 12 months. 5 years.

Pulp tests (cold, hot and electric) and

periapicals and CBCT.

3; 6; 9 and 12 months.
Electric pulp test and periapicals and

CBCT

Vitality (positive or negative) for REP.

46 teeth successfully passed the results (20 non-surgical and 26 rep).

2/26 fail in REP vs 4/20 fail in CRCT-treated cases.

Healed tooth. The patient stayed asymptomatic during the whole follow-up
period. Last examination (3 years after treatment): delayed response to cold
test. Electric pulp test was positive.

Blood perfusion test was mildly positive.

Healing teeth at 3 months. Healed teeth at 12 months. Asymptomatic teeth

during follow-up period.

1 patient with pain with percussion test in the REP group. At 12 months, both
groups showed negative responses in tests.

Sensitivity tests results at 12 months: increase of pulp response higher in the
REP group than in RCT group.

Significant reduction in anteroposterior dimension of lesions between the 6™
and 12™" month in the REP group rather than in RCT.

In REP, vitality has improved during time.

At 3- and 6-months positive results were registered.

At 3 months all the patients showed light discomfort in the periapical zone,
lasting for those first 2-3 months.

At 6 months: tomographic images show reduction in periapical radiolucency.
Electric pulp tests showed a positive response with similar values to patient’s

healthy teeth.
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Mittal et al 2021 (51)

Aguilar et al. 2021 (52)

Lu et al. 2023 (37)

Al-Rawhani et al 2024 (7)

3,6,9, 12 months.
Pulp tests (cold, hot and electric) and

periapicals.

6, 13, 17 months.

Pulp test (cold) and percussion test and
periapicals.

3,6,9,12,18, 24, 36,48, 60,72, 84,96
months.
Clinical (pain/discomfort, crown
discoloration, swelling, sinus tract,
mobility, pulp  sensibility, root
resorption) and radiographic control:
CBCT in the last follow-up if patient

consented.

6,9, 12 and 18 months.

1 year: complete regression of periapical lesion for 2 patients; almost complete
for a third patient.

Asymptomatic patients during the whole follow-up period.

Improvement of periapical and apical conditions.

1-3 months: no significant difference between groups.

3-6 months: PRF group = 22.3% positive response; collagen group = 11.1%;
hydroxyapatite and periapical bleeding show no response up to this time.

9 months: PRF gr 44.4% vs 33.3% of collagen gr; hydroxyapatite = 22.2%.
Periapical bleeding = no response.

12 months: PRF 66.6%; collagen = 44.4%; hydroxyapatite = 33.3%; periapical
bleeding = 11.1%.

Asymptomatic in every control. Healed periodontium.

The overall success rate was 89.2% (33/37).
4 teeth were classified as failure.
35.1% of teeth regained pulp sensibility, and 40.5% of

the teeth exhibited intracanal calcification.

No significant difference between the two groups.
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Pulp tests (cold and electric) and After 18 months: 21/31 patients healed; 10/31 in process of healing. No failure

periapicals. cases.

Brizuela et al. 2024 (53) 1, 6, 12 months and 5 years. Asymptomatic patients throughout the whole follow-up period. First case:
Pulp tests (cold and electric) and complete healing of apical lesion maintained over 5 years follow-up.
periapicals and CBCT. Second case: progressive healing during the first year, reaching a complete

healing at 5 years.
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5. DISCUSSION

This study aims to identify if RETs are an available option to use in case of mature teeth with
irreversible pulpitis or necrosis according to the literature. It is currently well consolidated that
RETs are widely accepted as treatment for immature teeth (33,34,54,55), but studies are
investigating the possibility of implementing these techniques on mature teeth as well.

Since 1961 due to Nygaard Ostby’s pioneering work, RETs have continually evolved, with

ongoing studies refining the techniques and materials used (18).

To investigate the objective of this study, 15 articles have been analyzed. The most scientifically
relevant studies were randomized control trials by Jha et al. 2019, El-Kateb et al. 2020, Brizuela
et al. 2020 and Mittal et al. 2021, followed by the randomized control studies of Arslan et al.
2019, Feitosa et al. 2021 and Al-Rawhani et al. 2024. The findings of these articles were
supplemented by two retrospective studies by Meza et al. 2019 and Lu et al. 2023, the case
series by Saoud et al. 2016 and Samra et al. 2018 and the clinical cases by Nagas et al. 2018,
Nageh et al. 2018, Aguilar et al. 2021.

The lowest level of evidence was provided by the case report by Brizuela et al. 2024.

According to the results of this review, RETs in mature permanent teeth are well accepted as
alternative to the gold standard RCT; that said, the findings should be taken with caution as not
all the studies are randomized controlled clinical trials, including clinical cases as well. Moreover,
all the studies considered mentioned that more studies were necessary to be able to confirm

with certainty the effectiveness of the newer techniques (7,37,41-53).

5.1. Patient age

The age of the patients in the articles varies widely. The youngest being 8 years old (41,45) and
the oldest 58 years old (49), with the average age being of 25 (26,2).

This age variability could lead to different outcomes, especially due to the anatomical
differences and changes in cells efficiency that occur with age. In fact, younger teeth tend to
have wider root canals that allow the blood to flow into the canal more easily and promote
angiogenesis (42). According to the article by Van Zant G and Liang Y 2003 stem cells have

weaker functional abilities (self-renewal potential, development potential and interaction with
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extrinsic signals) when aging (56). This suggests that the regenerative treatment outcome could
change according to the patient’s age.

It has been demonstrated that BMSCs have a lower capacity than PLSCs to regenerate a pulpal
volume that is highly innervated and vascularized, and this ability decreases more with the
donor’s age (47,57,58). Moreover, older teeth present a thickening of the apical cementum and
deviation of the apical foramina that could affect the stem cells ability to easily migrating into
the canal (48).

This aspect warrants further investigation for two main reasons. First, there are not enough
studies on the effects of aging over stem cells and tissues physiological functions (56). Second,
positive results have been obtained for both young (7,37,42,43,48-51) and adult patients
(7,44,46-51,53).

Chrepa et al. 2015 suggested that the concentration of MSC markers in a donor, rather than age,
may be a more significant factor influencing regenerative outcomes. Moreover, some studies
demonstrated that age was a non-significant factor. For example, Arslan et al. 2019 analysed
age as “confounding variable” (together with sex, tooth number, master file, irrigation protocol,
medicament type, time interval of intracanal medicament and intrapatient clustering),
concluding that it had no significant relevance on the healing size of the radiographic lesion
image (P > 0.05). Similarly, Al-Rawhani et al. 2024 found no significant difference between the
two groups considering their characteristics, stating their agreement with the study of Arlsan et
al. 2019.

While subgroup analysis based on age was not performed in their study, as age group
stratification had not been done for many groups, Li et al. 2024 also mentioned different reviews
supporting the concept that age doesn’t have an influence on the treatment outcome (6,39,59—
61). It is necessary to mention that the main aim of these cited studies was not to compare

treatment outcomes to patients’ age.

While the role of age in treatment outcomes remains uncertain, it seems that there is more
consensus that sex is not an element that could have influence (48,62), with many articles even

stated that their inclusion criteria did not include sex predilection (44,46,48,50,51).

5.2. Tooth type: uniradicular or multiradicular.
Only 3 articles (37,41,45) out of 15 include multiradicular teeth in their analysis.
In Saoud et al. 2016, 2 teeth were completely healed after the last follow-up, while 5 were still

healing. Of these 5, 4 were molars (multirooted teeth). It is possible that molars require more
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time to heal completely, but the periapical radiography of the following months would be
necessary to identify the outcome.

Jha et al. 2019 suggested that uniradicular teeth with apical periodontitis were more likely to
heal compared to multiradicular teeth, thus introducing bias into the study. For this reason, the
number of single-rooted and multi-rooted teeth was balanced. There is no mention of any
difference in the results given by uniradicular or multiradicular teeth.

Lu et al. 2021 found a different result: although the general outcome is favorable (89.2% teeth
healed), 4 teeth failed. Among these 4 teeth, the mesial root of one lower molar showed a re-
infection after its long-term follow up, leading to the recurrence of periapical radiolucency
(PARL).

This may be due to bacteria microleakage and the only partial elimination of bacteria, that
allowed the multiplication of microorganism and the failure of the case (37).

More studies on multiradicular cases are necessary to better understand the efficacy of RETs on

these types of teeth.

5.3. Pathology and aetiology

All the studies of this review (7,37,41-46,48-53) analysed necrotic teeth, except for Meza et al.
2019 that described the case of a lower premolar with irreversible pulpitis. Therefore, there are
not enough cases of irreversible pulpitis to make a comparison with necrotic teeth to be able to
study whether RETs have a better prognosis in irreversible pulpitis or necrosis.

An analysis can be done on the aetiology: trauma or caries. RETs showed failure in two teeth of
the study by Arslan et al. 2019, where one central incisor and one lateral necrotic incisor due to
caries did not show a positive outcome. The author (46) suggests that it may be due to the lack
of complete microbial and pulpal tissue cleaning.

Especially relevant is the study by Lu et al. 2023. Three cases of RETs resulted in failure: a
maxillary left central incisor with trauma, presenting a periapical lesion because of reinfection,
showed a larger infection in the control of 44 months, after an initial resolution; similarly, a
central incisor with trauma showed a bigger image at 6 months follow-up; finally, a case of
avulsion - and root resorption as consequence - of a maxillary right central incisor, showed
external root resorption at 40 months with normal periapical image.

According to his study (37), the aetiology (caries or trauma) does not have an influence on the
RETs outcome in mature necrotic teeth, while it does have it in immature necrotic teeth. Indeed,
dental trauma negatively affects the Hertwig Epithelial Root Sheet (HERS) and the apical papilla,
increasing the risk of RETs failure (37,63).
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In Lu et al. 2023’s suggestions, the actual cause of failure is the microleakage of bacteria that
cause a reinfection of the canal; with no particular importance to the initial reason of the
necrosis. This statement is in accordance with the study mentioned above by Arslan et al. 2019.
Another interesting result found by Lu et al. 2023 is the comparison of failures between RCT and
RETSs.

The first data that was analysed and that gave an influence on the outcome was the previous
presence of PARL. It had not significant relevance on RETs success rate, while it seemed to
increase the risk of reinfection in the cases of traditional RCTs (37). This data was also confirmed
in other articles of the literature (64,65). Moreover, RETs may facilitate the periapical lesions’
resolution, creating a favourable microenvironment for tissue regeneration and repair
(37,66,67).

Assignificant difference with RCT is the antimicrobial clearance and the bleeding induction during
RETs. The derivative components allow to stimulate the innate and adaptive immune system,

contributing to the healing and the vitality recovery that RCT cannot give (37).

5.4. Intracanal antibiotics and irrigants

It is understood that one of the most important elements to achieve success in treatments is to
keep an environment as sterile as possible. Intracanal antibiotics are always used to control
bacteria growth (18).

The type of antibiotics used during the techniques changed through the years: it was very
common to use a triple antibiotic paste formed by ciprofloxacin, metronidazole and clindamycin
(42-46), however more recent studies substituted it with a solution of two antibiotics, such as
2 mL penicillin/streptomycin and 250 mL 80 mg/mL gentamicin (47) or a double antibiotic paste
(DAP) formed by metronidazole and ciprofloxacin (52).

Aside from the action of intracanal antibiotics, a seal between the coronal part of the root canals

and the new restoration is essential to the treatment success (41,68).

To clean the root canal space, highly concentrated irrigants have been used which have not
changed significantly through the years: sodium hypochlorite (NaOCI) is the main irrigation
solution with a concentration between 1.5% (7,37,43,44,47,48,51) and 2.5% (41,46,52,53).
These low concentrations are used to ensure effective disinfection while maintaining stem cell
viability and preserving dentine growth factors (7).

NaOCl is used throughout the treatment, while EDTA is used in the final irrigation protocol after

NaOCl to remove as much as possible the inorganic residues formed during the instrumentation.
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It has been demonstrated that EDTA increases the survival ability and the manifestation of the
stem cells in the apical papilla, contributing to the success of RETs (33). Moreover, according to
some studies, in particular the study by Galler et al. 2016, DPSC’s migration, differentiation and

adhesion are indorsed by EDTA (69).

5.5. Overinstrumentation

All fifteen studies reported overinstrumentation to induce bleeding inside the canal. This result
and the fact that many other studies in the literature have used and studied
overinstrumentation, also compared to other types of scaffolds, makes it to be the gold standard
for regenerative techniques (7,70). When compared to PRP and PRF, studies have shown that

they are equal or inferior to bleeding induction as scaffold (7,27,28).

5.6. Anaesthesia

In RCTs, as in all dental procedures, relieving the patient’s pain is one of the main goals. To
achieve this, local anaesthesia is administered through either an infiltrative technique or the
inferior alveolar nerve (IAN) block technique. The anaesthetic solutions used can be various,
depending also on the patient’s case, but commonly the most used are lidocaine and articaine.
These solutions, usually, contain relatively high concentrations of vasoconstrictor, such as
1:2500 phenylephrine or 1:100,000 adrenaline (71).

The protocol for RETs, however, seems to be different, not so much in the type of anaesthetic
solution, but in the concentration of vasoconstrictor.

In fact, only Saoud et al. 2016, Nagas et al. 2018, Nageh et al. 2018 and Feitosa et al. 2021 used
2% lidocaine with 1:100,000 epinephrine in their treatments, while other articles (48,52,53) that
used this solution, reported it only for the first visit. Instead, a solution without vasoconstrictor
was used when overinstrumentation was performed during the following appointment
(48,52,53).

4% articaine with 1:200,000 epinephrine was used exclusively by Arslan et al. 2019 in the RCT
group, while the RET group received 3% isocaine without vasoconstrictor. Similarly, Al-Rawhani
et al. 2024 used articaine in the first appointment, whereas the anaesthetic option was 3%
mepivacaine without vasoconstrictor during the second appointment, where apical bleeding
was induced.

Another author that did not choose an anaesthetic solution with a vasoconstrictor was Lu et al.

2023. The election was 3% carbocaine.
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3% mepivacaine without vasoconstrictor was the type of anaesthetic solution that was most
used among the authors of this review, with seven studies out of fifteen (7,43,45,47,48,51,53)
that chose it.

In terms of vasoconstrictor use, it can be noted that nine out of fifteen articles (7,37,43,45—
48,51,53) used anaesthesia without vasoconstrictor.

One author, Brizuela et al. 2020, did not mention the type of anaesthesia used.

This preference for anaesthetics without vasoconstrictor might find an explanation in the finding
that vasoconstrictors reduce the pulp blood flow (72,73), which is an unwanted effect during
RETs. It is important that all the cells involved in the tissue regenerative process can easily enter
the root canal. One way to facilitate a correct blood flow is the use of 3% mepivacaine without
vasoconstrictor, followed by an intentional overinstrumentation. This advantage does not
change the efficacy of the anaesthesia, especially if compared to lidocaine 2% with 1:100,000
epinephrine (72,74,75).

However, the case described by Samra et al. 2018 highlighted difficulties in inducing bleeding
inside the canal. Various attempts were needed to achieve satisfactory blood flow, despite 3%
mepivacaine without vasoconstrictor was used.

More studies comparing the type of anaesthesia and vasoconstrictor used and the outcome of
RETs are needed to define whether the anaesthetic solution could be an influencing factor in

the success of the regenerative treatments.

5.7. MTA vs Biodentine

The most used temporary cement is CaOH, which is placed as intracanal medication due to its
characteristics: it is biocompatible, it has an alkaline pH (12.5-12.8) that makes it strongly
antibacterial and it also has an influence on the periodontal recovery (76). Its advantages extend
to RETs, as it has been shown to induce a release bioactive growth factors from dentin,
encouraging SCAP proliferation (7,34).

Two materials are the choices of election as coronal barrier: MTA and Biodentine.

Examining the articles, it seems that MTA was the material of choice at first (41-44,46), then Jha
et al. in 2019 compared it to another material — SealBio — to study a new technique that could
provide a good biological seal compared to the traditional obturating techniques (45), finding a
positive result in favour of the novel material.

In recent years, Biodentine seemed to be the material of choice to seal the canal (47-51,53).

That said, other studies continued to explore other materials, such as Lu et al. in 2023 that tried
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iRoot BP plug - a bioceramic putty that is very similar to MTA in its characteristics, except for the
setting time which is shorter (77).

Al-Rawhani et al. (7) compared the two main materials using MTA for the control group and
Biodentine in the intervention group.

The advantages of MTA are its biocompatibility, sealing and margin adaptability (78), promotion
and releasing of molecules that are crucial in the formation of new tissue in the pulp space,
osteoblastic feasibility, proliferation and differentiation thanks to calcium ions, and
antimicrobial effect due to the alkalinity formed by hydroxide ions (7,79). Moreover, it has an
impact on the angiogenic process, modifying the vascular endothelial growth factor (VEGF) (7).
Biodentine is very similar to MTA in these characteristics, but Al-Rawhani et al. 2024, as other
authors, found that it can also increase the production of hard tissue bridges and the production
of anti-inflammatory cytokines while defeating pro-inflammatory cytokines (7,80).

One of the reasons why MTA was substituted by Biodentine is that it might lead to tooth
discoloration, causing an aesthetic problem (81). This disadvantage was solved by a new white
MTA, which was used by Nageh et al. 2018 and by Aguilar et at. 2021. They reconfirmed that
MTA rapidly induced SCAP migration and enhanced their proliferation (52).

Both materials satisfy the necessities for treatment success.

5.8. Scaffolds and cells used

The potential stem cells available for RETs usually comes from the apical papilla present in the
open apex of immature teeth. As mature teeth do not have the apical papilla, the alternative is
to take them either locally from the periodontal ligament (PLSCs) or from the bone marrow
(BMSCs) (38). Many studies used the bleeding induction technique to fill the apical part of the
canal with blood containing cells that act in the regeneration process, providing a well-organised
scaffold and supplying the necessary growth factors (7,47).

The PRF technique used by Nageh et al. 2018 showed positive radiological results at 12 months
with a complete healing of the periapical lesion. Beyond the release of cytokines, promotion of
stem cell activity and angiogenesis, the advantage found by authors like Nageh et al. 2018, Meza
et al. 2019 or Al-Rawhani et al. 2024 in using PRF instead of using directly PRP is the elimination
of the need for an anticoagulant, since it resembles natural blood.

Meza et al. 2019 used PRF taken from the patients’ blood (specifically they used leukocyte PRF),
obtaining positive results in their conclusions. Once again, one of the main advantages seemed
to be that this graft doesn’t require any anticoagulant as it is completely autologous, simplifying

the technique.
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Mittal et al. 2021 analysed four different methods and found out that the best results were given
when PRF was used. The comparison was done with collagen, periapical bleeding and
hydroxyapatite. The radiological results improved after every control, passing from 22.3% at 3
and 6 months, to 44.4% at the ninth month and 66.6% at the last visit (12 months) (51).
Although there are many studies showing the positive results of PRF, it has not conclusively been
proven to be more effective than a simple blood clot (7,62,82).

Provoked bleeding induces the migration of MSCs, but there are many uncontrollable variables
that could lead to inconclusive results. This is why Brizuela et al. 2024 attempted to have more
control by the transplantation of allogenic UC-MSCs, obtaining positive results even in the long-

span follow-up period of five years.

5.9. Follow up and results

Considering the number of patients included in the studies, the positive results of Jha et al. 2019,
where at 18 months follow-up 86.6% (13/15) was completely healed and 14.4% was healing, can
be compared to studies like the one by Arslan et al. 2019 that found 46 teeth out of 56
successfully passed the tests at 12 months. Similarly, Brizuela et al. 2020 found an increase in
the positive results (from 6% to 56% in cold test, 0% to 28% in hot test and 17% to 50% in
electrical test) at 12 months follow-up. Mittal et al. 2021 obtained a 66.6% success at 12 months
follow-up, while Lu et al. 2023 found 89.2% of success (33/37 teeth). Al-Rawhani et al. 2024
reports that 21/31 patients healed after 18 months.

All these results demonstrate the initial hypothesis of the success of RETs in mature teeth with
irreversible pulpitis or necrosis.

Every article used pulp tests such as a cold test and/or electric pulp test to record the tooth’s
response. Every study used periapical x-rays during checks-up, but five articles (37,47,49,50,53)
also used a CBCT to register more precise results: Meza et al. 2019 took a CBCT at 36-months
follow-up period with intact periapical bone structures and formation of dentine bridge in the
middle third of the root and calcification of the canal in the apical third; Brizuela et al. 2020
scored a decrease in the lesion dimension value of 0.9 mm - from 2.7 mm at 6 months to 1.8 at
12 months - (results compared to RCT group, where the difference was of 0.9 mm too, but the
values ranged from 2.4 mm to 1.5 mm). A different result was found by Feitosa et al. 2021
because the computed tomography showed that one year was not sufficient to have the
complete recuperation of the periapical lesion, although all teeth showed a positive response to

electrical pulp test.
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Promising results were obtained by also Lu et al. 2023 which measured the level of the periapical
lesion following the periapical index (PAIl): starting from a PAIl of 4 or 5, 32 teeth scored a PAI of
1 (healthy periapical area) and just 1 tooth scored a PAI of 2; while 14 teeth didn’t change and
1 tooth failed due to external root resorption. Among the different intervals, a noteworthy
difference was found only in PAIl scores between the 3—-6 month and 7-12-month intervals (p =
.039). No significant differences between intervals longer than 12 months were observed (p >
.05) (37). Brizuela et al. 2024 also used CBCT to record PAl index for the described 2 cases, where
PAl was maintained to O for 5 years (from the first year follow-up to the fifth) in the first case,
while the score improved significantly from the first year to the fifth in the case of the second
patient, because its PAl passed from being 3 in the 1-year follow up, to be of 0. In this case, the

healing process of the periapical area took more time than in the previous cases.

5.10. Limitations and future directions

Some aspects that could impact the analysis of this study are related to the different samples
that each article has, different teeth studied, materials used and follow-up duration. This
diversity has enriched the comparison between studies, but it also made a direct comparison
more complex.

Standardizing of controlled variables in RETs should be considered for futures studies to
facilitate consistency in outcome reporting, reduce heterogeneity and improve reliability.
Another limitation comes from the fact that it is not possible to biologically analyse the nature
of the tissue formed in the pulp canal after the treatment due to the ethical and clinical aspects.
As such, the results are only based on generic tests like vitality tests and radiographic tests. That
said, there are some articles in the literature that could confirm the development of an innate

immune system within the root canal, namely the study by Arslan et al. 2019.

In future, high-quality clinical trials with larger sample size are required to determine the success
of RETs in non-vital permanent teeth. A recommended methodology would be the one used by
Arslan et al. 2019, that compared RCT to RETs, conducting immunological studies to assess the
treatment outcome. Future clinical directions should include extended monitoring and follow-
up.

Involving more multiradicular teeth in the analysis to compare with uniradicular teeth could
provide more detailed insights into the efficacy of RETs across different types of teeth.
Moreover, extending studies on chronic necrosis with apical periodontitis and fistulisation

would offer valuable additional data.
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Regarding patients’ medical history, the articles of this review did not consider patients with
systematic pathologies, with some articles explicitly listed medical conditions as exclusion
criterion (37,43-46,51). Perhaps, future research on RETs could potentially explore outcomes in
this patient group as well.

Finally, future research should aim to standardize outcome measures in RETs to have better
consistency in outcome reporting, minimize variability and enhance the reliability and overall

quality of evidence in this field.

6. CONCLUSION
After reviewing the recollected data of this study about RETs in mature permanent teeth with
irreversible pulpitis or necrosis, it can be concluded that:
- While RETs show good outcomes in the first few years following treatment, there is not
enough scientific evidence that validates the success rate in longer follow-up periods
(>5 years). Additional studies with extended follow-up are needed to better analyse the
long-term survival of teeth treated with RETs.
- RETs are still novel procedures in mature teeth, but the results suggest that they may
become a viable and reliable alternative to RCTs.
- Effective bacterial elimination and adequate coronal sealing are essential factors in the
success of RETSs.
- Patients’ age may be an influencing factor on RET’s success, while sex does not appear
to have an influence.
- Further studies on multiradicular teeth are needed to determine whether RETs’ success
varies depending on the type of tooth treated.
- Contrary to immature teeth, the aetiology of irreversible pulpitis or necrosis in mature

teeth does not seem to affect RETs’ outcome.

7. SUSTAINABILITY

RETs in mature teeth appear support a more sustainable dental practice. By preserving the
natural tooth, avoiding the need of more invasive treatments, the consequence is a reduction
in biological waste and prosthetics’ recurrence; saving time, money and energy (83).

One significant problem in dentistry about environmental pollution is the occurrence of

patients’ appointments, that increases travel-related CO2 emissions. RETs could reduce the
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need for further re-treatments, thereby decreasing the number of visits, lowering the
environmental impact (84).

Regarding material waste, RETs primarily use autologous materials, creating a natural “reuse”
cycle, more sustainable than synthetic or natural materials, like gutta-percha, often not
biodegradable. Their use increases the environmental waste, pollution, and energy
consumption during fabrication (85). Indeed, traditional RCTs typically use higher environmental
footprint materials compared to RETs.

According to Duane et al. 2020, 4.9 kg of carbon dioxide equivalent (CO2 eq) emissions come
from a RCT procedure: an equivalent of a 30 km car drive. This result comes from dental clothing,
surface disinfection, disposable apron (paper and/or plastic), single-use stainless steel
instrument and the electricity used.

The journey to reduce to minimum the pollution produced is still long, but RETs are a way to

improve the environmental impact (86).
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