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ABSTRACT

Pulp revascularization has the advantage, in addition to the induction of rhizogenesis, of a vital tooth
at the end of the treatment. Thus, the objective of the present study was to perform a systematic review
of the literature on pulp revascularization therapy in non-vital permanent teeth. The present review
used the recommendations of the PRISMA statement and PICOS parameters. Only experimental
studies from the last 10 years in English were included, with an abstract available. Manuscripts that
were not in accordance with the objectives proposed for this research were excluded. The focus
question was: Does pulp revascularization therapy in permanent teeth present promising results? The
search was performed in the PubMed database. MeSH (Medical Subject Headings) and free terms were
included in the following provision: (dental pulp necrosisfMeSH Terms]) OR (Tooth nonvital[MeSH
Terms])) OR (Dentition, Permanent[MeSH Terms])) OR ("dental pulp necrosis™)) OR ("Tooth
nonvital™)) OR ("Dentition, Permanent™)) OR ("immature permanent teeth™)) OR ("immature Teeth™))
AND (("Pulp revascularization") OR ("pulp Vascularization™)). The included studies were compiled
and organized according to their characteristics. The results demonstrate that pulp revascularization in
permanent teeth is mainly dependent on the rhizogenesis stage, chemical-mechanical operative
management, and the use of biocompatible materials. In conclusion, pulp revascularization, although
little evidenced in the correlated and specific literature, demonstrates promising clinical and
radiographic results in relation to endodontic rehabilitation.

Keywords: Dental Pulp Necrosis, Non-Vital Tooth, Dentition, Permanent.

1 INTRODUCTION

Dental caries and dental trauma are very common injuries to the oral cavity (Petti et al., 2018;
Kazeminia et al., 2020). In the child and adolescent population in particular, a systematic review with
meta-analysis was able to state that the prevalence of dental caries in permanent teeth, with a global
sample of 1,454,871 children, was 53.8% (95% CI: 50-57.5%) (Kazeminia et al., 2020). Regarding
dental trauma, it is estimated that the global prevalence results in more than 15% of the young
population and 22% of the child population (Petti et al., 2018). It is worth noting that in both situations,
dental caries disease and dental trauma, irreversible injuries to pulp and periapical tissues may be
imminent (Ricucci et al., 2017; Bratteberg et al., 2020). In these cases, endodontic therapy of the root
canal system is cited as the gold standard therapy (AAE, 2013; Arslan et al., 2019); However, as a
disadvantage of the technique, it can be mentioned that the therapy is not able to restore the vitality of
the damaged pulp.

The dental pulp, in turn, consists primarily of loose connective tissue with a variety of
specialized cells, such as odontoblasts, fibroblasts, endothelial cells, nerve cells, immune cells, and
stem/progenitor cells (Yu; Abbott, 2007; Piva et al., 2017; Xie et al., 2021). This complex of cells
makes the dental pulp a unique organ, responsible for performing several local functions in addition to
contributing to the harmonious development of the stomatognathic system (Yu; Abbott, 2007). The
loss of pulp vitality and consequent endodontic treatment significantly reduce dentin resistance (Soares

et al., 2018; Rodrigues et al., 2020; Mannocci et al., 2022). In cases of immature teeth — incomplete
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rhizogenesis — in addition to reduced resistance, interruption of odontogenesis and imbalance in the
harmonic development of the stomatognathic system, fragile root walls, due to the thin thickness of
the dentin of the root canal and amplitude of the open apex, make endodontic therapy even more
complex (Gupta et al., 2020).

For many years, the protocol for limiting damage to non-vital and immature teeth in relation to
odontogenesis and development of the stomatognathic system described by the endodontic treatment
technique associated with strategies that induce appicification - root formation has been highlighted
for many years (AAE, 2013). However, in view of contemporary knowledge of the rich pulp, apical
papilla, and periodontal ligament composition of teeth with incomplete rhizogenesis, pulp
revascularization therapy has been proposed (Ding et al., 2009; Nagata et al., 2014; Aly et al., 2019;
Arslan et al., 2019). Pulp revascularization has the advantage, in addition to inducing rhizogenesis, of
a vital tooth at the end of treatment (Ding et al., 2009; Aly et al., 2019; Arslan et al., 2019). However,
to date, other scientific evidence is still needed for the concrete establishment of protocols (Galler et
al., 2016; Silva et al., 2023). Thus, the objective of the present study was to perform a systematic

review of the literature on pulp revascularization therapy in non-vital permanent teeth.

2 MATERIALS AND METHODS

Protocol, eligibility criteria, and focused question

The inclusion criteria followed the recommendations of the PRISMA statement (Page et al.,
2021), following the PICO parameters, as follows:

P - Population: non-vital permanent teeth with incomplete rhizogenesis;

| — Intervention: pulp revascularization therapy;

C - Comparison: endodontic therapy associated with strategies that induce apicification; O -
Result: superiority of pulp revascularization therapy in relation to endodontic therapy associated with
strategies that induce apicification.

Only experimental studies from the last 10 years in English were included, with an abstract
available. Manuscripts that were not in accordance with the objectives proposed for this research were
excluded.

The focus question was: Does pulp revascularization therapy in non-vital permanent teeth

present promising results?
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2.1 SOURCES OF INFORMATION
An extensive search was carried out until October 7, 2023, in the following databases:
MEDLINE (PubMed).

2.2 SEARCH STRATEGY

Foram incluidos termos MeSH (Medical Subject Headings)
(https://www.ncbi.nlm.nih.gov/pubmed) e termos livres na seguinte disposicdo: (dental pulp
necrosisfMeSH Terms]) OR (Tooth nonvital[MeSH Terms])) OR (Dentition, Permanent[MeSH
Terms])) OR ("dental pulp necrosis™)) OR ("Tooth nonvital”)) OR ("Dentition, Permanent”)) OR
("immature permanent teeth™)) OR (“immature Teeth™)) AND (("Pulp revascularization™) OR ("pulp

Vascularization™)).

2.3 SOURCES OF EVIDENCE, DATA MAPPING PROCESS, DATA ITEMS

Before starting screening for this review, a data mapping form was developed together to
determine which variables to extract. The reviewer mapped the data, discussed the results, and
continuously updated the data mapping form in an interactive process. All of these processes were
subsequently reviewed by an experienced examiner.

The data from the included studies were compiled and organized according to the

characteristics of the study.

3 RESULTS

The initial search strategy retrieved a total of 4 experimental papers over 10 years. The
flowchart of recovered, included, and excluded articles is summarized in Figure 1. Table 1 shows the
characteristics of the articles included. The results demonstrate that pulp revascularization in non-vital
permanent teeth is mainly dependent on the rhizogenesis stage, chemical-mechanical operative

management, and the use of biocompatible materials.
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Figure 1. Flowchart proposed for this systematized revision.

Registros identificados:
Pubmed: 23 artigos
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19 artigos removidos antes da triagem:
Razdo: Artigos de relatos de caso clinico e revisoes de literatura

Registros identificados:
Pubmed: 4 artigos

| Nenhum artigo foi excluido

Registros incluidos:
Pubmed: 4 artigos

Source: The authors.
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Author/ye
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Objective Sample

Materials used

Key results/follow-up

Conclusion

To examine the effect of a
pulp revascularization

e Irrigation with sodium
hypochlorite 5.25%

o EDTA 5%

o Indwelling dressing: Triple

Revascularization can be
effective in the
management of

Ding et al. ) . I . : Three teeth showed complete root development — immature permanent
procedure on immature 12 patients antibiotic paste (minocycline, .. . .
(2009) necrotic teeth with apical metronidazole, and ciprofloxacin) and positive response to the pulp test teet.h w1th. a.1p1ca.11
periodontitis in 1/3 medium and apical — 1 per IOdOI'ltltls with
week appropriate case
e Scaling: Added ash mineral selection.
trioxide (MTA)
O'The group submitted to medication with ’ The results of
e Irrigation with sodium triple paste showed a s1gn1ﬁcapt reduction in revascularization of
hypochlorite 6% spontancous p;un,lpalp on hngoEtal trauma patients treated
To evaluate traumatized e 23 teeth e EDTA 17% Esgi;listi;?intzncaﬁ: ?ulistlll(;:i’r\c))vxiti: Emczgroup with the tested protocols
x:;li:;l(r)e;zle;h treated too Iiz;tlents 7 °a];‘;l?l};lic$0r:tl(:’leihg“ple antibiotic chlorhgxidine d.emonstra.ted a signiﬁ.cant P lr.es.en‘ied Zlmléa.lr bi
s years p . y - . reduction in pain on vertical percussion; clinical and radiographic
Nagata et ~ revascularization old metronidazole and ciprofloxacin) g’y "0 oth has regained pulp vitality; data. However, the triple
al. (2014)  protocols. or calcium hydrox;de com e Discoloration was significantly higher in the ~ Paste caused an aesthetic
chlore)‘(ldme gel 2% -3 .Weeks calcium hydroxide and chlorhexidine group; problem leading to
e Sealing: Added ash mineral L . S . discoloration of the
trioxide (MTA) . Slgnlﬁc.ant repair of the perlgplcal. lesion was
observed in the group undergoing triple paste teeth.
e Follow-up: 9 to 19 months
e Irrigation with sodium
To clinically and hypochlorite 1.5% . . Both Biodentine® and
radiographically evaluate o 26 teeth: * EDTA 5,% . O'There was no statistically significant Mineral Trioxide
the effect of using two ° Patients’ N II'1d'wejll1ng dressing: Double difference bereen sroups, . Aggregate had clinical
Aly et al. ¢ ¢ Lol 4815 antibiotic paste (metronidazole o Group I (Biodentine®) achieved clinical and . Iving th
(2019) ypes o coronal plug age and ciprofloxacin) in 1/3 medium radiographic success of 100% and group II success in resolving the
materials on the years and apical — 4 weeks (MTA) achieved success of 91.66% at the end ~ Signs and symptoms
revascularization of non- Sealing: White Mineral Trioxide  of the follow-up period associated with necrotic
vital immature teeth. Aggregate (MTA) or e Follow-up: Up to 12 months teeth.
Biodentine®
To com linical and ® 56 teeth oo 1o . . .
pare clinical an X e Irrigation with 1% sodium . ) Regenerative endodontic
. . e Patients . e There was no statistical difference between
radiographic success of between 18- hypochlorite aroups: procedures have the
regenerative endodontic 30 years old o EDTA 5% ’ potential to be used as a
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procedures and without e Delay curative: Triple antibiotic @ 92.3% and 80% in the regenerative treatment  treatment option for
conventional endodontic systemic paste and conventional endodontic treatment groups,  mature teeth with large
Arslan et treatment in mature changes o (doxycycline, metronidazole respectively, periapical
al.(2019) o rotic teeth with and ciprofloxacin) in 1/3 medium e Half of the teeth treated with regenerative radiolucencies.

and apical — 3 weeks treatment responded to the electrical pulp test
e Sealing: White Mineral e Follow-up: up to 12 months
Trioxide Aggregate (MTA)

periapical radiolucencies

Source: The authors.
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4 DISCUSSION

Pulp revascularization has significant advantages for the harmonious development of the
stomatognathic system (Ding et al., 2009; Soares et al., 2018; Aly et al., 2019; Arslan et al., 2019;
Gupta et al., 2020; Rodrigues et al., 2020; Mannocci et al., 2022). However, other scientific evidence
IS encouraged in relation to the protocols and situations indicated. Thus, a systematic review of the
literature on pulp revascularization therapy in non-vital permanent teeth was performed. Our results
demonstrate that pulp revascularization therapy has a satisfactory prognosis, but few clinical studies
have been carried out over the years to delimit protocols (Ding et al., 2009; Nagata et al., 2014; Aly et
al., 2019; Arslan et al., 2019).

Several factors can be cited as influential in the success of pulp revascularization, such as: age
of dental tissues and pulp, infection management, operative steps, use of biocompatible materials,
among others (Arslan et al., 2019). Regarding the age of pulp and periradicular tissues, it is estimated
that mesenchymal cells from the apical papilla of the young tooth can migrate to the root canal,
stimulating the neoformation of pulp and dentin tissue, favoring rhizogenesis (Yu; Abbott, 2007; Piva
etal., 2017; Xie et al., 2021). In our study, most of the articles were carried out on young patients and
on teeth with incomplete rhizogenesis (Ding et al., 2009; Nagata et al., 2014; Aly et al., 2019).
However, the promising results in relation to the reduction of clinical/radiographic signs and symptoms
that indicate pulp necrosis, performed in young patients and teeth with complete rhizogenesis (Arslan
etal., 2019), stand out. Such results encourage further studies that optimize the steps of instrumentation
and disinfection of necrotic contents in the root canal system. Instrumentation performed with 5 or 6
sizes larger than the first working instrument (Saini et al., 2012), together with chemical disinfection,
indicates the superiority of the pulp revascularization technique over conventional endodontic therapy
(Arslan et al., 2019).

In the pulp revascularization protocol, irrigation of the root canal system with sodium
hypochlorite was mentioned with various concentrations. Generally, lower concentrations are
preferred to avoid toxicity to mesenchymal tissues (Aly et al., 2019; Arslan et al., 2019). However, it
is noteworthy that the irrigation with 6% sodium hypochlorite described was used limited to the
working length minus 3 mm to avoid toxicity to the periapical tissues. It is also evident that the
indwelling dressing was performed with 2% chlorhexidine gel due to its extensive residual
antimicrobial properties, diffusion in dentin tubules and low toxicity (Nagata et al., 2014); which is
contrary to most studies that use intracanal medication of indwelling dressing based on antibiotic pastes
(Ding et al., 2009; Aly et al., 2019; Arslan et al., 2019).

Antibiotic pastes use two or three antibiotics in their composition in order to disinfect and

stimulate the complete development of the root canal system. Antibiotic pastes with the combination
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of doxycycline, metronidazole and ciprofloxacin have been described (Ding et al., 2009; Arslan et al.,
2019); metronidazole and ciprofloxacin (Aly et al., 2019). The use of antibiotic pastes demonstrates
promising results and superior to the use of chlorhexidine and calcium hydroxide. However, widely
cited disadvantages of antibiotic paste are coronary discoloration (Nagata et al., 2014) and the potential
to cause bacterial resistance (Shin, 2009; Soares et al., 2013). Evidence suggests that other clinical
studies are also carried out due to the lack of information on the amount of antibiotic paste administered
and the time of use required, which can vary from 3 to 4 weeks (Ding et al., 2009; Nagata et al., 2014;
Aly et al., 2019; Arslan et al., 2019). The excessive amount can lead to treatment failure since toxicity
to mesenchymal cells (Chuensombat et al., 2013).

After the period of disinfection and clot formation inside the canal, another important step is
cervical sealing with biocompatible material. The mineral trioxide aggregate (MTA) was considered
the most recommended material for regenerative procedures to be placed on the blood clot, as it
provides an excellent seal (Ding et al., 2004; Nagata et al., 2014; Arslan et al., 2019). Technically, the
application of MTA on a blood clot is challenging since the condensation process can result in a
displacement of the material apically (Aly et al., 2019). In addition, evidence also describes prolonged
setting time and coronary discoloration even though it is white MTA (Arslan et al., 2019). Biodentine®
is @ material that has the same mechanical properties as human dentin, very low cytotoxicity and
overcomes the clinical disadvantages of MTA in relation to discoloration (Aly et al., 2019).
Biodentine® is a tooth-colored material that causes less discoloration when compared to other calcium
silicate materials (Nagy et al., 2014; Yoldas et al., 2016) due to the presence of the material at the level
of the orifice. Biodentine® has better consistency and allows condensation without any apical
displacement. Setting time of 12 minutes is cited, allowing placement of the composite restoration in
the same consultation (Aly et al. 2019). However, further studies are needed since only the study by
Aly et al. (2019) brings the use of Biodentine® in pulp revascularization.

Finally, it is hoped that the present systematic review can contribute with scientific evidence

and delimitation of protocols for pulp revascularization in young patients.

5 CONCLUSION
Pulp revascularization, although little evidenced in the correlated and specific literature,
demonstrates promising clinical and radiographic results in relation to endodontic rehabilitation.
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