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Endodontic retreatment and apexification of a tooth previously
treated with a regenerative endodontic procedure: A case report
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In this case report, the treatment procedure and follow-up of a left maxillary central incisor that previ-
ously underwent a regenerative endodontic procedure is presented. After a thorough anamnesis, clini-
cal and radiographical examination, a non-surgical endodontic retreatment was applied. Apexification
treatment included intensive irrigation, Ca(OH)2 administration and finally, creating an apical plug with
MTA. Follow-up radiographic and clinical examination showed healing of the periapical area and reduc-
tion of initial symptoms, keeping the tooth in function. As regenerative endodontic procedures can be
recognized as the best option for permanent teeth with immature apices, there are always alternatives

that can be implemented following failure.
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Introduction

Regenerative endodontic procedure (REP) is a treatment
approach that aims to resume physiological root develop-
ment and maintain apical closure in immature, necrotic
permanent teeth (1). REP procedures are widely accepted
treatment strategies, especially by American Association of
Endodontics, European Society of Endodontics and Eu-
ropean Academy of Paediatric Dentistry. Traumatic dental
injuries to the permanent dentition occur frequently in
25% of children and 33% of adults, with most of the inju-
ries taking place before 19 years of age (2). Trauma may
induce pulp and periradicular pathosis, and in teeth with
immature apices, this may lead to the disruption of the
root development. REP contributes to the thickening of
the dentin walls and normal maturation of the root, thus

maintaining long-term tooth functionality (3). However,
the desired outcome may not be achieved in every case,
and post-treatment complications such as the develop-
ment of periapical lesions could occur (4).

According to recent systematic reviews, the clinical success
rates of REPs are on par with those of traditional non-
surgical endodontic treatments (NSETs). Variability in
follow-up periods, however, seems to have an impact on
these results. Specifically, short-term results might not ac-
curately represent long-term clinical success, highlighting
the significance of proper follow-up in assessing treatment
effectiveness (5,6).

Periapical healing is the most commonly attained out-
come, and pooled clinical success rates exceeding 90%
have been reported in recent quantitative meta-analyses
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assessing the results of regenerative endodontic therapy
(REP). These results support the clinical feasibility of RED,
especially when appropriate disinfection is guaranteed and
protocols are closely adhered to (7).

In unsuccessful REP cases, retreatment is necessary, and
careful planning of the treatment strategy is crucial. In
these type of situations, traditional apexification stands
out as a safe treatment alternative, especially in teeth with
incomplete root development due to failed revitalization
(8). The selection between apexification and REPs should
be based on the clinical context, root development stage,
and patient-related factors. Apexification is a well-estab-
lished endodontic procedure aimed at inducing a calci-
fied barrier at the apex of an immature permanent tooth
with a necrotic pulp. This treatment is especially indicated
in teeth that exhibit open apices, which render conven-
tional root canal obturation techniques challenging (9).
Prevention of the extrusion of root canal filling material
and allowing proper apical sealing is the chief objective of
apexification (1).

Calcium hydroxide [ Ca(OH), ] has been popularized as the
material of choice for this procedure back in 1972 by Cvek
et al. (10), due to its ability to stimulate hard tissue forma-
tion. Conversely, its application needs multiple visits and
periodical monitorization, ranging from 6 to 24 months
(11). The hard tissue barrier created by Ca(OH), is often
porous, increases the risk of root fracture due to long-term
Ca(OH), exposure and the extended treatment duration
may not often be well accepted by the patients (12).

In recent years, Mineral Trioxide Aggregate (MTA) has
emerged as a reliable alternative, offering the advantage
of a one- or two-visit apexification procedure (13). MTA
is a frequently preferred material in endodontics, used in
many areas like vital pulp therapy, perforation repair, creat-
ing an apical plug, root canal sealer, and has been reported
in the literature due to its biocompatibility, antimicrobial
effect, and ideal microleakage resistance (14). Studies have
reported high success rates with MTA apexification, with
healing outcomes exceeding 90% in many cases (15). The
clinical protocol typically involves thorough debridement
of the root canal system, followed by the placement of
MTA at the apical portion to create an artificial apical bar-
rier. Once the material sets, the remainder of the canal
can be obturated conventionally. Radiographic follow-up
is essential to monitor periapical healing and confirm api-
cal closure over time.

In conclusion, apexification continues to be a valuable
treatment modality in contemporary endodontics. With
the introduction of bioactive materials such as MTA, the
prognosis of necrotic immature teeth has significantly im-
proved. An MTA apexification intervention of a maxillary

central incisor that was unsuccessfully treated with RED is
presented in this case report.

Case Report

This manuscript has been written according to Preferred
Reporting Items for Case reports/or randomized clinical
trials /or animal studies in Endodontics.

A 19-year-old systemically healthy female patient presented
to the Department of Endodontics at Baskent University,
Faculty of Dentistry with complaint of pain on her maxil-
lary left central incisor. According to the anamnesis, the pa-
tient had received a REP on right and left maxillary central
incisors at an external clinic approximately 10 years ago fol-
lowing a traumatic incident. Her chief complaint involved
spontaneous pain as well as pain during mastication.

Clinical examination revealed percussion and palpation
sensitivity on the left maxillary central incisor. In addition,
pulp vitality tests yielded negative responses. Radiographic
evaluation of the periapical area showed incomplete root
development of the left maxillary central incisor and a ra-
diolucency consistent with a periapical lesion was observed.
Furthermore, structural defects were detected in the MTA
material that had been placed during the previous REP
(Fig. 1).

The clinician explained the treatment options in detail,
repetition of the REP, apexification with MTA or root
canal treatment. The patient and the clinician decided to
commence with the apexification treatment using MTA.
Before proceeding, the patient’s written informed consent
was taken.

Under local anesthesia and rubber dam isolation, an access
cavity was prepared to reach the root canal system. Using
a #80 stainless steel K-file, the working length was deter-
mined to be 22 mm and the root canal walls were mechani-
cally shaped (Fig. 2). Irrigation was carried out sequentially
with 20 ml of 5.25% sodium hypochlorite (NaOCl), 20 ml
of 17% EDTA, and finally another 20 ml of 5.25% NaO-
Cl. After drying the root canal with sterile paper points,
Ca(OH), was placed and a temporary restoration was ap-
plied.

At the second appointment given 10 days later, clinical
symptoms had subsided, and the same irrigation proto-
col was repeated. After drying the root canal with sterile
paper points, an apical plug was created using Bio MTA
(CERKAMED, Stalowa Wola, Poland). The preparation
and application of MTA followed the instruction manual
provided by the manufacturer. A Schilder plugger (Dentsp-
ly Maillefer, Ballaigues, Switzerland) was used to create an
apical barrier that was 4 mm thick, to allocate an adequate
marginal adaptation and apical sealing (16). To ensure con-
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Fig. 1. Initial periapical radiograph.

Fig.2. Working length determination. Fig.3. Formingan apical plug with MTA.

Fig.4. Root canal obturation. Fig.5. 11-month follow-up. Fig.6. 21-month follow-up.

trolled placement and compaction of the apical plug, the
initial working length was set at 22 mm, and the plugger
was gradually shortened by 1 mm per step until a final stop
at 18 mm was reached (Fig. 3). The remaining canal space
was backfilled with gutta-percha and AH Plus (Dentsply,
Germany) sealer using the cold lateral condensation tech-
nique. The access cavity was sealed with a composite resto-
ration (Fig. 4).

At the 11-month follow-up, the tooth was found to be

asymptomatic and in function (Fig. 5). In the follow-up
radiograph taken at 21 months, significant healing of the
lesion was observed, and the periradical area appeared to
have approached a normal configuration with bone heal-
ing (Fig. 6).

Discussion

REP is a cell-based modern therapeutic approach targeted
at re-constructing the dentin-pulp complex and promot-
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ing root development in immature permanent teeth af-
fected by pulp necrosis (1). Although long-term success
rates have been reported to exceed 80% in numerous stud-
ies (17), REP procedures may fail for various reasons in
clinical practice.

The REP protocol generally consists of disinfection, in-
duction of apical bleeding and a hermetically sealed cor-
onal restoration. During the disinfection step, minimal
mechanical instrumentation is performed, and irrigants
such as 1.5% NaOCI followed by 17% EDTA are used
to prepare root canal surfaces. Typically, triple antibiotic
paste (TAP) or Ca(OH), is placed as an intracanal me-
dicament. At the follow-up appointments, if the tooth is
asymptomatic, a traumatic bleeding is induced by using a
K-file extended approximately 2 mm beyond the apex to
advocate the migration and proliferation of mesenchymal
stem cells from the periapical tissues. Once bleeding sta-
bilizes, a collagen sponge is placed over the clot, followed
by a biocompatible material, and then the final restoration
is completed. This protocol is described in detail in AAE’s
2021 clinical guidelines (18).

Reasons for failure include inadequate sterilization, inabil-
ity to eliminate infection, unfavorable root canal morphol-
ogy, limited stem cell migration in the apical tissues, and
issues related to patient compliance. In a study by Lee and
Song (19) involving 111 cases, persistent infection was re-
ported as the primary cause of failure in 81.3% of cases;
anatomical factors like canal morphology were also listed
as significant contributors to treatment outcomes.

Unsuccessful REP cases are not uncommon in clinical
settings and necessitate a reassessment of the treatment
protocol. According to the Mahidol Study published in
2024, 10.8% of regenerative procedures were classified
as failures, being labeled “diseased” rather than “healed”
(20). Additionally, systematic reviews have associated REP
failure with persistent symptoms, unchanged periapical
radiolucency, and development of internal or external re-
sorption (21).

The choice of irrigation solution and intracanal medica-
ment significantly impacts the canal environment and
promotes cellular regeneration, thereby affecting the suc-
cess of REPs. NaOCI, the most commonly used irrigant,
effectively decomposes tissues and has a potent antimi-
crobial action but can exhibit cytotoxic effects on stem
cell viability at high concentrations. Notably, SCAP (stem
cells of the apical papilla) viability has been reported to
decrease by over 50% after exposure to 5-6% NaOCIl (22).
Therefore, lower concentrations, such as 1.5% NaOCI are
recommended in REP, followed by a final irrigation with
17% EDTA to demineralize the dentin matrix and release
growth factors.

Intracanal medicaments are another critical factor in treat-
ment outcomes. Although traditional TAP offers a broad-
spectrum antibacterial activity, it may induce tissue toxicity
and cause permanent discoloration of dentin at high con-
centrations. In 2021, an in vitro study on SCAPs showed
that TAP had both cytotoxic and genotoxic effects at high
concentrations, significantly reducing stem cell viability
(23).

As an alternative, Ca(OH), has been proposed as another
medicament; however, it may be less effective than TAP in
eliminating infection. Meta-analyses from 2021 and 2022
reported that TAP exhibited a significantly greater antimi-
crobial efficacy against resistant microorganisms like En-
terococcus than Ca(OH),. For example, in one systematic
review, TAP’s effect on E. faecalis biofilm was reported as
(SMD=-3.82, 95% CI: -5.44 to —-2.21; p<0.001), dem-
onstrating superiority over Ca(OH), (24). Conversely,
Ca(OH); has been shown to exert less tissue toxicity and
more favorable effects on stem cell survival compared to
TAP (25). Thus, balancing biocompatibility and antimi-
crobial efficacy with the use of irrigants and medicaments
is vital for the long-term success of REP.

After regenerative endodontic therapy (RED) fails, a num-
ber of treatment approaches have been suggested, includ-
ing extraction, nonsurgical root canal therapy, repeated
RET, calcium hydroxide apexification, or surgical proce-
dures. However, there is currently inadequate clinical data
to support the efficiency and long-term results of these
secondary approaches (26).

Both apexification with an MTA apical plug and REPs may
be regarded as effective treatment options in cases with
advanced root development (stage 4 according to Cvek’s
classification) (27). However, the viability of stem cells and
tissue-forming cells in the periapical area may be compro-
mised by prior infection, making successful revasculariza-
tion uncertain. Additionally, mechanical instrumentation
was intentionally minimized to avoid further weakening
of the already thin dentinal walls (28), although limited
instrumentation has also raised concerns regarding the
completeness of disinfection in REPs (29,30). Consider-
ing these biological and technical limitations, apexification
was selected as the more predictable and conservative ap-
proach in this case.

In cases of failure, apexification is an alternative treatment
approach, intending to create an apical barrier in teeth with
open apices to enable safe obturation of the canal system.
Traditionally, this procedure is done by placing Ca(OH),
in the root canal over multiple sessions. However, single-
visit apexification using MTA has become a faster, tissue-
friendly, and clinically reliable alternative (13,31).

MTA is a calcium silicate-based material that sets in moist
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environments and exhibits biocompatible and tissue-re-
generating properties (32). This material exerts antimi-
crobial effects by creating a high-pH environment parallel
to Ca(OH), upon direct contact with tissue and enhances
apical sealing through a hydroxyapatite-like surface layer
(33). A recent systematic review has shown that single-
visit MTA apexification procedures yield success rates
exceeding 90% and offer comparable or superior clinical
outcomes in a shorter timeframe compared to Ca(OH),
protocols (34). However, appropriate case selection and
strict follow-up protocols are crucial for the success of
such revision treatments. In this context, unsuccessful
REP cases require a comprehensive analysis of clinical,
biological, and patient-centered dynamics.

In the presented case, apexification was performed on a
previously REP-treated but non-healing central incisor us-
ing the single-visit MTA apical plug technique. MTA was
carried with a metal spatula and carrier into the root canal,
placed with a plugger under controlled conditions, and a
moist cotton pellet was inserted to allow proper setting.
After 24 hours, the MTA plug was assessed, and the coro-
nal restoration was completed. At 11- and 21-month fol-
low-ups, the tooth remained clinically asymptomatic, and
radiographic healing of the periapical area was observed.
These results align with findings reported in the literature
regarding MTA-based apexification cases (35,36).

Although alternative materials such as Biodentine and
EndoSequence Root Repair Material have been devel-
oped, many recent studies highlight MTA’s superiority
in terms of apical sealing, setting depth, and tissue com-
patibility. For instance, an in vivo experiment found that
MTA showed better marginal adaptation and histological
response compared to BioDentine (37). Clinically, after
drying the root canal with sterile paper points, MTA is
inserted using a moist cotton pellet and a carrier instru-
ment, aiming to form a 4-5 mm thick apical barrier (38).
According to a study done by Pereira et al. (16), a 4-mm
thick apical barrier ensures a significantly suitable seal and
marginal adaptation (39) Nonetheless, some laboratory
studies report that Biodentine demonstrates lower poros-
ity and faster setting, which may provide better adaptation
in in vitro models (38). Clinical and in vivo comparisons
largely support the preference for MTA due to its stable
tissue integration and long-term performance. Histologi-
cal analyses have shown that apical barriers formed with
MTA support cementum-like mineralization and positive-
ly impact periapical healing. For example, a 2024 study
using a Wistar albino rat model reported superior calcific
barrier formation and minimal inflammation after 28 days
using modified MTA formulations (40).

Conclusion

In conclusion, single-visit apexification with MTA emerg-
es as a biologically and clinically reliable option in failed
REP cases. However, prevention of such failures hinges
upon patient compliance, sterilization, control of irriga-
tion, and strict adherence to protocols. Further clinical
studies should be undertaken to compare the treatment
options in cases with failed REDs.
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