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Regenerative endodontics is a biological alternative to apexification for managing immature 

teeth with pulp necrosis or irreversible pulpitis. This case report provides clinical relevance 

by demonstrating the 6-year success of a regenerative endodontic procedure using accessi-

ble materials and a reproducible protocol. A 12-year-old male presented with a traumatized 

maxillary central incisor showing crown discoloration, incomplete root formation, and a 

periapical lesion. Treatment was completed in two sessions. The first involved coronal ac-

cess, irrigation with 2.5% sodium hypochlorite, and placement of a bi-antibiotic paste. In the 

second session, the paste was removed, and sodium hypochlorite was neutralized with 

saline solution. After drying, bleeding was induced, and a calcium silicate-based cement 

plug was placed, followed by coronal restoration. At the 6-year follow-up, the patient re-

mained symptom-free, and imaging showed resolution of apical periodontitis, root elonga-

tion, and dentinal wall thickening. This case highlights the long-term success of regenerative 

procedures promoting root development and periapical healing. (Rev Port Estomatol Med 

Dent Cir Maxilofac. 2026;67(x):xxx-xxx)
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Introduction

Endodontic treatment of teeth with incomplete root develop-
ment and apical periodontitis is challenging because, in most 
cases, these teeth present thin dentinal walls, which preclude 
any type of canal enlargement and conventional obturation 
of the root canal system.1

Traditionally, teeth with incomplete root development 
were treated through apexification with repeated replacement 
of calcium hydroxide–based intracanal medicaments or by 
placement of a mineral trioxide aggregate (MTA) apical plug 
followed by root canal obturation. However, in these approach-
es, dentinal walls remained thin and fragile. With the advent 
of cell-based tissue engineering in endodontics, it became 
possible to change this scenario.1

Regenerative endodontic treatment  has emerged as a prom-
ising alternative for the endodontic treatment of teeth with pulp 
necrosis and incomplete root development, as it may enable 
thickening of the internal dentinal walls in some cases.2 The 
concept underlying this approach is that the periapical environ-
ment can provide mesenchymal stem cells, biological mediators, 
and favorable conditions for the formation of new tissues with-
in the root canal space. Studies have demonstrated that cells 
derived from the apical papilla, periodontal ligament, and even 
bone marrow are capable of migrating, proliferating, and con-
tributing to angiogenic processes and cellular differentiation 
associated with tissue repair and dentinal development.3-5

For the success of this technique, several steps are consid-
ered fundamental: adequate disinfection of the root canal 
system, application of a scaffold to organize host stem cells, 
and effective coronal sealing.6-8 The literature also emphasiz-
es the importance of long-term follow-up, since root matura-
tion, formation of mineralized tissues, and resolution of peri-
apical changes may occur gradually over several years.1,9

Despite promising results, regenerative endodontic treatment 
may yield different outcomes, including resolution of periapical 
radiolucency without complete root development.10 Treatment 
failure is also possible, characterized by persistence of symptoms 
and periapical radiolucency, requiring further intervention.11

Although this therapeutic approach has been extensive-
ly investigated in recent years, there is still considerable 
variability in treatment protocols, material selection, and 
clinical indications.12 This study aims to report a clinical 
case, written according to the CARE guidelines,13 of a patient 
presenting with symptomatic apical periodontitis and in-
complete root development in the maxillary right central 
incisor, treated with regenerative endodontic treatment and 
followed for 6 years.

Case report

A 12-year-old male patient, systemically healthy, attended 
the endodontic clinic accompanied by his mother for emer-
gency care. He reported pain in the labial mucosa adjacent to 
the maxillary right central incisor, with a history of trauma 
one year earlier. Clinical examination revealed a fractured, 
darkened crown associated with edema of the labial mucosa 
(Figure 1). Cold sensitivity testing was performed using a re-

frigerant spray (Endo Frost Roeko, Wilcos, Rio de Janeiro, Bra-
zil), and the response was negative.

Periapical radiographic examination revealed an extensive 
radiolucent area associated with the tooth, incomplete root 
development, and thin radicular walls (Figure 2). The periapical 
lesion was classified as score 5 according to the Periapical In-

Figure 1. Initial clinical photograph showing crown 
discoloration and fracture on June 3, 2018.

Figure 2. Diagnostic periapical radiograph showing 
incomplete root development and apical periodontitis 
on June 3, 2018.
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dex (PAI) proposed by Ørstavik et al.14 The patient had no sys-
temic or hereditary diseases and no history of drug hypersen-
sitivity. Regenerative endodontic treatment  was proposed.

The patient and his legal guardian received detailed infor-
mation about the proposed treatment and signed an informed 
consent form in accordance with the Brazilian National Health 
Council’s guidelines.

Initially, local anesthesia was achieved using one cartridge 
of lidocaine hydrochloride with epinephrine 36 mg (Alpha-
caine, DFL, Rio de Janeiro, Brazil), administered in the muco-
buccal fold adjacent to the tooth and in the palatal gingival 
papilla. Access cavity preparation was performed with a spher-
ical bur #1014 (KG Sorensen, Espírito Santo, Brazil), and cavity 
refinement was carried out with a non-cutting tapered bur 
#3083 (KG Sorensen, Espírito Santo, Brazil), under high-speed 
rotation with water cooling. Absolute isolation was achieved 
using a rubber dam sheet (Madeitex, São Paulo, Brazil) and 
clamp #211 (Golgran, São Paulo, Brazil).

Chemical preparation was performed using 2.5% sodium 
hypochlorite solution (Asfer, São Paulo, Brazil), and no me-
chanical instrumentation of the root canal was carried out. 
Prior to filling the canal with intracanal medication, drying 
was performed using sterile paper points size #80 (Dentsply 
Sirona, Switzerland). Subsequently, a bi-antibiotic paste (cip-
rofloxacin and metronidazole) was inserted into the canal 
using a Lentulo spiral size #40 (Dentsply Sirona, Switzerland). 
For temporary coronal sealing between appointments, sterile 
cotton pellets and a restorative glass ionomer cement (Maxx-
ion R, FGM, Santa Catarina, Brazil) were used.

At the second appointment, 28 days after the first, the pa-
tient reported no pain, and clinical examination revealed no 
intraoral edema. Local anesthesia was performed using mepi-
vacaine without vasoconstrictor (Mepivacaine 3% – Nova DFL, 
Rio de Janeiro, Brazil). Absolute isolation and reopening of the 
access cavity were performed using the same protocol as 
during the first appointment.

Irrigation was carried out with 2.5% sodium hypochlorite 
solution (Soda Clorada, Asfer, São Paulo, Brazil), followed by 
17% EDTA solution (Asfer, São Paulo, Brazil), and a final irriga-
tion with sterile saline solution (Eurofarma, Amazonas, Brazil). 
Subsequently, the root canal system was dried using sterile 
paper points size #80 (Dentsply Sirona, Switzerland).

A long gingival needle (38 mm × 0.4 mm, 27G; Dencojet, 
Nova DFL, Rio de Janeiro, Brazil) was introduced 2 mm beyond 
the working length to induce bleeding and fill the entire canal 
space. At the level of the cemento-enamel junction, a plug of 
MTA (Angelus, Paraná, Brazil) was placed to seal the canal en-
trance (Figure 3), followed by placement of a restorative glass 
ionomer cement (Maxxion R, FGM, Santa Catarina, Brazil).

After acid etching with 37% phosphoric acid (Condac 37%, 
FGM, Santa Catarina, Brazil) for 15 seconds on dentin and 30 
seconds on enamel, an adhesive system (Single Bond Univer-
sal, 3M do Brasil, Sumaré, São Paulo, Brazil) was applied. The 
coronal restoration was completed using the incremental 
technique with composite resin A3 (Z350, 3M do Brasil, Su-
maré, São Paulo, Brazil). Light curing was performed using a 
Radii Cal curing unit (SDI, Santa Catarina, Brazil) (Figure 4).

The patient was dismissed, and the legal guardian was 
informed that periodic clinical and radiographic follow-up 

Figure 4. Coronal sealing was performed with resin-
modified glass ionomer cement on June 30, 2018.

Figure 3. Cervical plug placed with calcium silicate-
based cement on June 30, 2018.
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appointments would be required. At the 13-month follow-up, 
the patient was asymptomatic, with radiographic evidence of 
bone formation in the periapical region (Figure 5). At subse-
quent follow-ups at 5 years (Figure 6) and 6 years (Figures 7 
and 8), the patient remained asymptomatic and radiographi-
cally free of signs of apical periodontitis. Additionally, imaging 
revealed the formation of a mineralized barrier between the 
apical plug and the remaining portion of the root, a slight 
increase in dentinal wall thickness, and mild elongation of 
the treated tooth root.

Discussion and conclusions

Endodontic treatment of teeth with incomplete root devel-
opment and apical periodontitis remains challenging be-
cause, despite the availability of traditional treatment tech-
niques such as apexification, none of these allows further 
root development or an increase in radicular dentinal wall 
thickness.1,15

This therapeutic modality was selected in the present case 
due to root immaturity, wide apical foramen, and extensive 
periapical radiolucency, with the aim of promoting root devel-
opment and preserving the affected tooth. However, after six 
years of follow-up, complete apical closure was not observed. 
Instead, the formation of a mineralized barrier between the 

coronal plug and the root apex was identified, along with a 
slight increase in root length, complete periapical healing, and 
absence of clinical symptoms. According to classical stud-
ies,10,16 these findings constitute a well-established measure 
of clinical success, even in the absence of full root maturation.

According to the classification proposed by Chen et al.10, 
the outcomes of regenerative endodontic treatment can be 
grouped into five patterns: type 1, increased canal wall thick-
ness with continued root development; type 2, a blunted and 
closed apex without significant root development; type 3, con-
tinued root development with a persistent open apical fora-
men; type 4, severe intracanal calcification; and type 5, a hard 
tissue barrier formed between the MTA plug and the root apex. 
In the present case, radiographic evaluation from the 13-month 
follow-up onward demonstrated a radiopaque image sugges-
tive of mineralized barrier formation in this region, consistent 
with the type-5 pattern.

A similar outcome was reported by Nosrat et al.17, reinforc-
ing the variability of clinical responses to regenerative thera-
pies and prompting a re-evaluation of the indications for tra-
ditional techniques, such as apexification or conventional root 
canal obturation. Nevertheless, despite this unpredictability, 
such variations might be attributed to differences in treatment 
protocols, stages of root development, pulpal conditions, and 
the extent of periapical pathology.12 In the study by Nosrat et 
al., the need for reintervention after six years was attributed 

Figure 5. Thirteen-month follow-up radiograph 
obtained on July 27, 2019.

Figure 6. Five-year follow-up radiograph obtained on 
July 20, 2023.
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to loss of coronal sealing associated with caries development 
and the consequent risk of recontamination of the root canal 
system.

Although the initial objective of this case, thickening of 
dentinal walls and apical closure, was not fully achieved, 

Kahler et al.18 emphasize that additional interventions are not 
required when there is clear evidence of resolution of periapi-
cal pathology, even in the absence of significant root matura-
tion. This understanding supports the clinical management 
adopted in the present report.

The protocol described in this case followed the recom-
mendations of the American Association of Endodontists 
(AAE) that were in effect at the time of treatment.19,20 Ade-
quate disinfection of the root canal system is essential; how-
ever, conventional chemomechanical preparation may further 
weaken thin dentinal walls. Therefore, according to Wei et al.21, 
minimal instrumentation may be indicated. Sodium hypochlo-
rite at low concentrations does not exert deleterious effects on 
stem cells derived from the apical papilla, and its neutraliza-
tion before bleeding induction by a final rinse with sterile sa-
line solution is recommended.22,23

The use of 17% EDTA in regenerative endodontic proce-
dures plays an essential role by neutralizing sodium hypochlo-
rite and inducing the release of growth factors from dentin, 
particularly transforming growth factor beta (TGF-β).24 To fur-
ther enhance canal disinfection, a bi-antibiotic paste was used 
in this case, as it effectively inhibits bacterial growth within 
the root canal system.24

Once a suitable environment for cellular activity has been 
established, a scaffold must be introduced to enable interac-
tion between stem cells and growth factors. In the present 
case, a blood clot was used as the scaffold, as it has demon-
strated satisfactory clinical outcomes, does not require addi-
tional equipment or resources, is easy to obtain, and presents 
similar clinical and radiographic results when compared with 
other scaffolds, such as platelet-rich fibrin and platelet-rich 
plasma.6,25,26 MTA was used as a coronal barrier to protect the 
scaffold due to its biologically active properties, lack of cyto-
toxicity, and adequate marginal sealing ability.16,27

The literature indicates that regenerative endodontic treat-

ment results in high rates of periapical lesion resolution, with 
several clinical series reporting healing of periapical pathology 
even in the absence of complete root maturation.10,17,18 How-
ever, outcomes related to root development are heterogeneous, 
and only a limited number of cases demonstrate significant 
dentinal wall thickening or measurable root elongation.29 Fail-
ure rates are reported and are mainly associated with per-
sistent infection, difficulty in inducing bleeding, loss of coronal 
sealing, or development of canal obliteration due to calcifica-
tion.10,17,30 Even in cases of treatment failure, reintervention 
using traditional techniques, such as MTA apexification or 
conventional root canal obturation, remains a predictable and 
viable alternative for tooth preservation.17,18

Regenerative endodontic treatment represents a promising 
alternative for treating teeth with incomplete root develop-
ment, despite the different possible clinical outcomes associ-
ated with this therapeutic approach. Long-term follow-up is 
essential to properly assess periapical healing, root matura-
tion, and the survival rate of teeth treated with regenerative 
endodontic procedures, as treatment failure may occur due to 
factors such as persistent infection, external or internal re-
sorption, and caries development.28 In cases of treatment fail-
ure, characterized by the persistence of clinical symptoms and 
periapical pathology, reintervention remains feasible using 

Figure 8. Clinical photograph showing the restored 
tooth and ongoing orthodontic treatment at the 
six-year follow-up (July 30, 2024).

Figure 7. Six-year follow-up radiograph obtained on 
July 30, 2024.
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alternative treatment techniques. In the case presented, after 
6 years of follow-up, the patient remained asymptomatic, with 
a radiopaque image suggestive of mineralized barrier forma-
tion, slight increase of dentinal wall thickness, and mild root 
elongation, and no radiographic signs of periapical disease.
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Acompanhamento de seis anos de endodontia 
regenerativa em incisivo central superior com 
periodontite apical – Relato de Caso

r e s u m o

A endodontia regenerativa constitui uma alternativa biológica à 

apexificação na abordagem de dentes imaturos com necrose pul-

par ou pulpite irreversível. Este relato de caso apresenta relevân-

cia clínica ao demonstrar o sucesso, ao fim de seis anos, de um 

procedimento endodôntico regenerativo utilizando materiais 

acessíveis e um protocolo reprodutível. Um paciente do sexo mas-

culino, de 12 anos, apresentou-se com um incisivo central maxilar 

traumatizado, com descoloração da coroa, formação radicular 

incompleta e uma lesão periapical. O tratamento foi realizado em 

duas sessões. Na primeira sessão, procedeu-se ao acesso coroná-

rio, irrigação com hipoclorito de sódio a 2,5% e aplicação de uma 

pasta biantibiótica. Na segunda sessão, a pasta foi removida e o 

hipoclorito de sódio neutralizado com solução salina. Após a se-

cagem do canal, induziu-se hemorragia e colocou-se um tampão 

de cimento à base de silicato de cálcio, seguido da restauração 

coronária. Ao fim de seis anos, o paciente permanecia assintomá-

tico e os exames imagiológicos evidenciaram resolução da perio-

dontite apical, alongamento radicular e espessamento das pare-

des dentinárias. Este caso evidencia o sucesso a longo prazo dos 

procedimentos regenerativos, promovendo o desenvolvimento 

radicular e a cicatrização periapical. (Rev Port Estomatol Med Dent 

Cir Maxilofac. 2026;67(x):xxx-xxx)
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