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Abstract
	 Managing necrotic immature teeth is complex due to thin root walls and open apices. 
Regenerative endodontics has emerged to overcome these limitations. These biologically 
based approaches aim to restore pulp vitality and promote further root development by 
using dental stem cells and revascularization. A female patient aged 9 years and 4 months 
diagnosed with dens evaginatus, necrotic pulp, and a chronic apical abscess in an imma-
ture mandibular premolar underwent treatment with regenerative endodontic procedures 
(REPs). Calcium hydroxide (Ca(OH)2) medication was applied to the apical region of 
the root canal. Over a 22-month follow-up period, the tooth remained asymptomatic, and 
radiographic assessments revealed periapical healing, apical closure, root lengthening, and 
dentinal wall thickening. The favorable outcomes observed suggest that apical placement 
of Ca(OH)2 during REPs may be a promising approach for managing immature teeth with 
pulp necrosis and chronic apical abscess, supporting both disinfection and root maturation.
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Introduction
	 Pulp necrosis in immature permanent teeth is most 
commonly associated with dental trauma and caries.(1) 
Developmental anomalies, particularly dens evaginatus 
(DE), may also contribute. DE is characterized by an 
extra cusp, often containing pulp tissue, on the occlusal 
or lingual surfaces of premolars and incisors(2) and has  
a reported prevalence of 0.5%-4.3% in Asian popula- 
tions.(3) Fracture or attrition of the DE cusp may result in 
pulp exposure and subsequent necrosis, especially in teeth 
with incomplete root formation.(2) Early diagnosis and 
preventive intervention are therefore essential to minimize 
pulpal and periapical complications.(4)

	 Endodontic treatment of immature permanent teeth 
exhibiting pulp necrosis poses significant clinical chal-
lenges due to their structurally compromised root canal 
systems. Complications often include thin dentinal walls 
that are susceptible to fracture, open apices that impede 
conventional obturation, and inadequate root length and 
thickness to withstand functional forces.(5) To overcome 
these challenges, regenerative endodontic procedures 
(REPs) have been introduced as biologically informed 
approaches that aim to restore pulp vitality and promote 
continued root development through revascularization and 
the recruitment of dental stem cells.(6)

	 Effective disinfection of the root canal system is 
a crucial factor for the success of REPs.(6) Intracanal  
medications, such as antibiotic pastes and calcium  
hydroxide (Ca(OH)2) have been commonly used to achieve 
microbial control.(7) Evidence suggests that the type and 
placement of these drugs may influence regeneration  
outcomes. While Ca(OH)2 has been reported to promote 
apical closure, antibiotic pastes have increasingly been 
associated with enhanced root wall thickening.(8) The 
coronal placement of Ca(OH)2 has been proposed due to 
its reduced cytotoxicity to apical stem cells,(9) with one 
study further highlighting its association with increased 
dentinal wall thickness.(7) This approach has been sup-
ported by several reports demonstrating favorable clinical 
outcomes.(10-14) However, contrasting evidence has also 
suggested that Ca(OH)2 placed in the apical portion of 
the canal effectively stimulates root wall thickening.(15,16) 
The objective of this case report was to provide additional 
evidence that apical placement of Ca(OH)2 within the 
root canal can contribute to favorable root development, 
including increased dentinal wall thickness, in a necrotic 

immature tooth with chronic apical abscess.  

Case Report
	 A female patient aged 9 years and 4 months was 
referred to the University Dental Hospital. The chief 
complaint was a sinus tract exhibiting purulent discharge 
on the buccal attached gingiva associated with the man- 
dibular right second premolar. The patient’s parent  
reported that the tooth initially presented with a prominent 
occlusal tubercle that fractured and remained untreated. 
Following the fracture, the patient experienced recurrent 
buccal abscesses, with intermittent drainage through the 
gingival tissues. Two months prior to referral, symptom-
atic treatment was administered for one week at a private 
dental clinic, comprising antibiotics and analgesics.
	 The patient had no relevant medical history and 
was classified as American Society Anesthesiologists 
(ASA) Class I. Extraoral examination confirmed a 
lack of facial swelling or asymmetry. Clinical intraoral  
examination revealed that the mandibular right second 
premolar presented with a small, deep occlusal cavity  
revealing of a fractured tubercle, with no evidence 
of dental caries. A sinus tract opening was observed 
on the buccal gingiva between the mandibular right  
second premolar and first molar. Periodontal probing depths 
were within normal limits, and the tooth showed grade I  
mobility, without tenderness to palpation or percussion. 
Pulp sensibility tests elicited no response to cold or elec-
tric pulp testing (EPT). 
	 Digital periapical radiographs were obtained and 
scanned using a VistaScan imaging system (Dürr Dental, 
Bietigheim-Bissingen, Germany). The image showed 
a Cvek’s stage 3 root(17) with thin walls (Figure 1A).  
Periapical radiolucency was measured using VixWin 
Platinum software (Gendex Dental Systems, Hatfield, 
PA, USA). Gutta-percha tracing confirmed the mandi- 
bular second premolar as the origin of infection (Figure 
1B). The clinical diagnosis was DE, pulp necrosis, and a 
chronic apical abscess. Informed consent was obtained 
following a comprehensive discussion of available treat-
ment alternatives.
	 The treatment protocol followed clinical consider-
ations for REPs guided by the American Association of 
Endodontists (AAE).(18) A right inferior alveolar nerve 
block was administered using 2% lidocaine with 1:100,000 
epinephrine (Medicaine, Huons Co. Ltd., Seongnam- 
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si, Korea). Following rubber dam isolation, an access  
cavity was prepared. The tooth length was determined 
using an electronic apex locator (Root ZX, J. Morita, 
Kyoto, Japan) and confirmed radiographically with a size 
25 K-file (Kerr Dental, Orange, CA, USA) as 17 mm. The 
necrotic pulp tissue removal and root canal disinfection 
were performed using gentle irrigation with 20 mL 2.5% 
sodium hypochlorite (NaOCl), normal saline solution, and 
17% ethylenediaminetetraacetic acid (EDTA) for 5 min-
utes each, without mechanical instrumentation. Ca(OH)2 
was mixed with 2% lidocaine containing 1:100,000  
epinephrine (Medicaine, Huons Co. Ltd., Seongnam-si, 
Korea) to a creamy consistency. The resulting paste was 
applied to the apical region of the root canal, approximately  
2 mm short of the tooth length, using a lentulo spiral. A 
double seal was applied using Cavit (Triune Med Tec, 
Cambridgeshire, UK) and IRM (Dentonics, Monroe, NC, 
USA).
	 After 2 months, the patient remained asymptomatic, 
with no signs of pain or swelling, and complete reso-
lution of the previously observed sinus tract. Clinical 
examination showed normal mobility, with no sensitivity 
to palpation or percussion. Following administration of 
an inferior alveolar nerve block with 3% mepivacaine  
without vasoconstrictor (Septodont, New Castle, DE, 
USA), the canal was re-accessed and irrigated with 17% 
EDTA. Bleeding was induced using a size 25 K-file to a 
depth of 19 mm, and controlled at the level of the cemen-
toenamel junction (CEJ). After approximately 15 minutes, 
a stable blood clot was formed. A resorbable collagen 
matrix (CollaPlug; Zimmer Dental, Carlsbad, CA, USA) 
was placed over the clot, followed by a 4-mm layer of 
Biodentine (Septodont, Saint-Maur-des-Fossés, France) 
to serve as a coronal barrier. The access cavity was then 
restored using a resin-modified glass ionomer (Fuji II LC; 
GC Corp., Tokyo, Japan) and composite resin (Estelite; 
Tokuyama Dental, Tokyo, Japan) (Figure 1C).
	 At 6-, 10-, and 22-month follow-up visits following 
the REPs, the patient remained asymptomatic. Despite 
consistently negative responses to pulp sensibility testing  
(cold and EPT), radiographic evaluation demonstrated  
periapical healing and continued root development,  
characterized by increased root length, dentinal wall 
thickening, and apical closure (Figures 1D-1F). Radi-
opacity within the canal space was observed at 6 months,  
and further increased by 10 and 22 months, indicating 

continued calcific tissue formation. A secondary carious 
lesion beneath the previous restoration was identified 
and managed. Oral hygiene instructions were reinforced, 
and other teeth presenting with DE were examined and 
managed appropriately.
	 To assess changes in root wall thickness and root 
length, a modified method based on a previously reported  
protocol was employed.(7) Pre- and post-operative radio-
graphs were analyzed using ImageJ (version 1.41; National  
Institutes of Health, Bethesda, MD, USA). Horizontal 
reference lines were established at the CEJ and at positions 
3, 6, and 9 mm apical to the CEJ to represent the coronal, 
middle, and apical levels of the root, respectively. Root 
and canal widths were measured at each level, and root 
wall thickness was calculated by subtracting the canal 
width from the corresponding root width. Root length 
was measured from the CEJ to the apex. Measurement 
outcomes are summarized in Table 1 and illustrated in 
Figure 2.

Figure 1: Periapical radiographs of the mandibular right second 
premolar during the regenerative endodontic treatment: (A) a pre-
operative periapical radiograph showed an immature root with a 
periapical lesion; (B) a sinus tracing radiograph; (C) a radiograph 
post-induced bleeding into the root canal and coronal restoration 
showed a reduction in the size of the periapical lesion; (D) a 6-month 
follow-up radiograph showed continued root development and a wid-
ening of the periodontal ligament space; (E) a 10-month follow-up 
radiograph showed continued root development with radiopacity 
in the root canal and a widening of the periodontal ligament space; 
and (F) a 22-month follow-up radiograph showed continued root 
development with a closed apex and normal periapical tissue.
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Figure 2: Images showed the three horizontal reference lines for 
the root and canal width measurements using ImageJ software: (A) 
a radiograph post-induced bleeding and (B) a 22-month follow-up 
radiograph. (1=coronal, 2=middle, and 3=apical)

Table 1: A summary of the timeline, procedural steps, and radiographic findings.

Timeline First visit Second visit Third visit Fourth visit Fifth visit
Procedures Disinfection Bleeding 

induction
6-month

follow-up
10-month
follow-up

22-month
follow-up

Radiographic findings
 - Root length (mm)
 - Root wall thickness (mm)
 [percentage change]
     Coronal
     Middle
     Apical
 - Apical size (mm)
 - Periapical lesion characteristics
 
- Periapical lesion size (mm)

 
 -
 
 
 -
 -
 -
 -

Radiolucent 
area

6.4x3.3 

 
10.80

 
 

2.73
1.98
1.59
1.60

Radiolucent 
area

4.2x2.3

 
 -
 
 
 -
 -
 -
 -

Widening PDL 
space 

 -

 
 -
 
 
 -
 -
 -
 -

Widening PDL 
space 

 -

 
11.56

 
 

3.07 [12.66]
2.70 [36.73]
2.77 [74.06]
Closed apex

Normal

-

PDL = Periodontal ligament 

Discussion 
	 The treatment success of REPs is influenced by  
multiple factors, including stem cell viability, effective  
canal disinfection, patient age, and root morpho- 
logy.(6,19,20) Favorable outcomes have been associated 
with patients aged 9-13 years and apical diameters >1.0 

mm, both of which were true in the present case.(20) A 
wide apex may contribute to tissue preservation and stem 
cell migration, facilitating successful regeneration.(21) 
This case report was evaluated using the AAE’s clinical 
and radiographic criteria(18), which define success pri-
marily by resolution of clinical signs and symptoms and 
radiographic evidence of periapical healing, secondarily 
by increased root length and dentinal wall thickness, and 
finally by restoration of pulp vitality.
	 Determining an accurate working length in immature  
teeth with open apices remains a considerable clinical 
challenge, particularly in REPs, where precise canal  
disinfection and intracanal medication placement must be 
achieved without irritating the apical stem cells. Current 
expert consensus recommends determining the work-
ing length using a radiograph with the endodontic file  
positioned 1 mm short of the radiographic apex on REPs, 
without specifying the file size.(6) Electronic apex locators  
have been used to assess the working length with  
increased predictability. However, their reliability was  
reduced when an apical foramen diameter exceeded 0.6 
mm because of a reduced effective contact between the file 
and apical canal walls.(22) In this case report, the electronic 
apex locator was used as an adjunctive tool(23), and the 
definitive working length was verified radiographically.
	 Among multiple factors, persistent microbial infec-
tion is considered a primary contributor to the clinical 
signs and symptoms of apical periodontitis.(19) Thorough 
disinfection of the root canal system is therefore an essen-
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tial step in treatment success. In this case, 2.5% NaOCl 
was used as an irrigant, due to its well-established anti-
microbial efficacy and tissue-dissolving properties.(24) An 
additional final rinse with 17% EDTA was performed prior 
to blood clot induction to facilitate the release of growth 
factors from dentin, which are essential for stem cell  
recruitment and tissue regeneration.(25) Ca(OH)2 was  
selected as the intracanal material for its antibacteri-
al effect and ability to support stem cell survival and  
proliferation.(26-28) Previous studies have demonstrated  
that Ca(OH)2 can induce the release of bioactive  
molecules from the dentin matrix, including transforming 
growth factor-β1 (TGF-β1), which may further contribute 
to regenerative success.(25,29) This paste also offers prac-
tical advantages over antibiotic-based medications, such 
as reduced risk of antibiotic resistance and tooth discol-
oration.(15,30) In this case, resolution of clinical symptoms 
was observed shortly after treatment, with radiographic 
evidence of periapical lesion reduction evident within 
2 months. Complete healing of periapical tissues was  
confirmed by 22 months, consistent with previous  
reports.(12) Therefore, the primary success criterion was 
satisfied.
	 Dental anesthetic solutions, with or without a  
vasoconstrictor, have been used for mixing with Ca(OH)2 
due to their availability, sterility, and ease of handling.(31)  
Previous studies have demonstrated that anesthetic solu-
tions combined with Ca(OH)2 maintain pH values com-
parable to normal saline(32) and exhibit reduced surface 
tension, thereby enhancing their diffusion capacity.(33) 
Based on these properties, lidocaine with epinephrine 
was selected as the vehicle for mixing with Ca(OH)2 in 
this case report.
	 As previously mentioned, Ca(OH)2 medication has 
been consistently associated with apical closure, but not 
dentinal wall thickening.(8) This may be linked to the 
ability of Ca(OH)2 to facilitate calcium deposition at the 
apical region and its limited effect at the dentinal wall.(8)  
Additionally, coronal placement of Ca(OH)2 has been 
correlated with a greater increase in root wall thickness 
(53.8%) compared to placement beyond the coronal level 
(3.3%).(7) However, the apical placement of Ca(OH)2 
in the present case produced a favorable secondary out-
come; radiographic evaluation showed apical closure and 
root wall thickening at all evaluated levels. Additionally, 
the root length increased from 10.80 mm to 11.56 mm,  

although it remained below the average adult root length 
of 14.5 mm.(34)

	 The present findings correspond with those of  
previous studies.(15,16) Intracanal application of Ca(OH)2 
in necrotic immature teeth led to periapical healing,  
continued root development, and a 45.4% increase in 
root wall thickness, compared to the 41.7% reported with 
antibiotic-based paste.(15) Additionally, serial intracanal 
applications of Ca(OH)2 in teeth with pulp necrosis and 
acute apical abscesses facilitated continued root develop-
ment, especially root wall thickness and apical closure.(16)  
These outcomes may reflect more effective disinfection 
and the stimulatory effects of Ca(OH)2 on apical papilla 
stem cells(28,35), which are essential for continued root 
maturation.(35,36) Residual bacteria may hinder dentinal 
wall thickening, emphasizing the importance of effective 
microbial control during REPs.(37) In this instance, the 
apical application of Ca(OH)2 may provide particular 
advantages in cases of complex or persistent infection 
by increasing disinfection in the apical region, thereby 
reducing the risk of reinfection and enhancing long-term 
outcomes.(19) However, further investigation is necessary 
to elucidate the influence of different intracanal treatments 
and their placement on regenerative outcomes.
	 At the 10- and 22-month follow-up evaluations, 
the treated tooth remained non-responsive to sensibility 
testing, indicating that the tertiary goal of REPs had not 
been achieved. This outcome may relate to the use of a  
periapical bleeding scaffold, which has been associated 
with delayed recovery of pulp sensibility in some cases. 
Mittal et al., reported that cold test responses may return 
as early as 3 months, whereas heat and EPT responses are 
rarely observed within 12 months.(38) Sensibility recovery 
has been demonstrated to be scaffold-dependent, with the 
highest rates observed in platelet-rich fibrin, followed 
by collagen, hydroxyapatite, and periapical bleeding; 
the latter typically showed responses around 12 months 
post-treatment. Additionally, radiographic evidence of 
radiopacity within the root canal space observed during 
follow-up may suggest the formation of calcific tissue, 
a finding reported in up to 78% of teeth treated with  
REPs.(39) Intracanal calcification may result from various  
contributing factors, including the type of scaffold and  
intracanal medications, especially Ca(OH)2.(39,40) None-
theless, no further intervention is typically indicated  
unless the tooth becomes symptomatic.(6)
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	 A bacteria-tight coronal seal is essential for the long-
term success of REPs.(6) Failure to maintain this seal may 
allow microbial ingress, leading to reinfection that can 
compromise stem cell proliferation and differentiation, 
ultimately impeding periapical healing and continued 
root development.(6) At 10- and 22-month follow-ups, a 
secondary carious lesion was found, probably due to an 
inadequate coronal seal. The restoration was changed, oral 
hygiene instructions were repeated, and the patient was 
scheduled for follow-up. These indicate the necessity of a 
well-adapted coronal seal and effective clinical follow-up 
for long-term REPs success.
	 Although the current case report presents favorable  
clinical and radiological results, it is important to  
acknowledge some limitations. The lack of a histological 
evaluation limited the assessment of the actual internal 
tissue organization. Additionally, as the case represents 
a unique instance, the generalizability of the results is 
limited.

Conclusions
	 The favorable outcomes observed suggest that apical 
placement of Ca(OH)2 during REPs may be a promising 
approach for managing immature teeth with pulp necrosis 
and chronic apical abscess, supporting both disinfection 
and root maturation.
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