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Abstract. 
Dens invaginatus and dens evaginatus are developmental malformation extremely rare in a single tooth, as rare as a 

the occurence in a central mandibular incisor. In Type III Oehlers lesions any infection within the invagination can 

led to a periapical pathology call „peri-invagination periodontitis‟(PIP).  

The purpose of this article is to describe the successful case of regenerative treatment of a immature mandibular left 

central incisor, diagnosed with dens evaginatus (talon cusp) and infected invagination (type IIIB) associated with 

symptomatic apical periodontitis maintaining vitality of the surrounding pulp. 
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Introduction 

Dens invaginatus is a developmental 

malformation of teeth identified by the dentist 

Socrates (1856), resulting in a deepening or 

invagination of the enamel organ into the 

dental papilla prior to calcification of the 

dental tissues (1). The origin of this anomaly 

is unclear, postulated mechanisms including 

disturbances in the embryological 

development. Infection, trauma, and genetics 

have been suggested as possible contributing 

factors. The name reflects the infolding of the 

outer portion (enamel) into the inner portion 

(dentine) with the formation of a pocket or 

dead space which may extend deep into the 

root starting from the foramen caecum or even 

from the tip of the cusps (2). 

According to Oehlers (1957) there are 3 types 

of dens invaginatus regarding the extension 

and the communication with periapical tissues 

(3). Type I (79 % Ridell &al, 2001) and type 

II (15% Ridell &al, 2001) are incomplete 

enamel-lined invagination, with no 

communication with the periodontal ligament. 

Type III (5% Ridell &al, 2001): the 

invagination penetrates through the root and 

communicates laterally with the periodontal 

ligament space through a pseudo-foramen 

(IIIA) or communicates with the periodontal 

ligament at the apical foramen (IIIB). In Type 

III lesions, any infection within the 

invagination can lead to an inflammatory 

response within the periodontal tissues giving 

rise to a „peri-invagination periodontitis‟(PIP) 

Types II and III do not usually present 

communication with the pulp, which lies 

compressed within the root (4). 

There are also described different crown forms 

ranging from a normal form to different forms 

such barrel-shaped or peg-shaped, conical, 

talon cusp with a deep lingual or palatal pit 

related with all three categories described (5). 

The pit within the DI accumulates debris or 

may be filled with soft tissue similar to dental 

follicles and it is possible to become necrotic 

after the tooth‟s eruption and can led 

subsequently to a periapical pathology named 

„peri-invagination periodontitis‟(PIP) (3). 
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Case report 

A 6- year- old female patient was referred to 

the Dental Clinic of the Faculty of Dentistry of 

Iasi, Romania, by the pediatrician of Sf Maria 

Hospital of Iasi for evaluation and treatment 

of the mandibular central left incisor (tooth 

#31) with symptomatic apical periodontitis 

#31. In the hospital she followed systemic 

therapy with amoxicillin for 10 days. On 

appointment day the specific clinical signs for 

acute periodontitis were gone, with good 

general condition. The extra-oral examination 

revealed no abnormalities. The intraoral 

examination of the tooth found some 

sensitivity to palpation and a talon cusp (dens 

evaginatus type I) fig 1 with a deep lingual pit 

with an open root canal. Deep palpation of the 

entire length of the canal through this orifice 

with file Kerr #8 was not painful and did not 

produce bleeding.  No pus in the canal was 

observed. There was no evidence of caries in 

the hard tissues. The tooth showed a positive 

response to electric pulp vitality test, 

indicating the unaffected vitality of the pulp. 

The radiographic examination revealed a 

radiolucent lesion in the periapical region of 

tooth 31 (fig.2a), and Oehlers‟ type III B dens 

invagination (DI) with immature apex (fig. 

2b). The invagination extended from the 

crown to the root apex and apparently did not 

communicate with the main canal. 

 
Fig.1. Lingual talon cusp #31. 

A cone beam computer tomography (CBCT) 

of the area of interest was taken, with the 

consent of the patient‟s mother. Coronal and 

axial CBCT images showed that the 

invagination was separated from a circular 

vital root and revealed two canals (fig. 2c), 

one for dens invaginatus and one for the main 

canal, each one with its own immature apex 

and with a different portal of exit. 

The final diagnosis was defined as a 

symptomatic apical periodontitis of immature 

central incisor #31 with dens evaginatus 

Hattab‟s type I (talon cusp) and infected 

Oehlers‟type III B dens invagination with PIP 

and vital pulp in main canal. 

 
Fig.2.a. 

  
Fig.2.b. 
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Fig.2.c. 

The treatment plan was to perform endodontic 

treatment of the invagination and a 

regeneration protocol simultaneously with the 

preservation of the pulp vitality in the main 

canal. On the first visit under local anesthesia 

(mepivacaine 3%), rubber dam was placed and 

the field disinfected with iso‐Betadine. 

Endodontic access for invaginatus canal was 

performed through lingual pit. The space of 

invagination was minimally instrumented with 

K-files #25 and generously irrigated with 

passive ultrasonic activation using 2.5% 

NaOCl followed by irrigation with sterile 

physiological saline and drying it with paper 

points. Further the space of invagination was 

rinsed with 17% EDTA, physiological saline 

and finally with a saturated solution 

of Ca(OH)2(aq). Calcium hydroxide paste was 

inserted in the canal and the cavity was sealed 

with temporary material (IRM, Dentsply 

Maillefer). After 4 weeks the tooth was 

asymptomatic and the radiography showed the 

resolution of the periapical radiolucency so it 

was decided to apply the regeneration protocol 

starting with the anesthesia (mepivacaine 3%), 

field isolation and disinfection of operating 

field. After removing temporary seal, the canal 

was irrigated with 17% EDTA (20 mL, 5 min) 

and sterile physiological saline (5 mL) to 

reduce the adverse effects of irrigants on 

target cells. The excess liquid was removed 

with paper points. The bleeding was induced 

by mechanical irritation of periapical tissue by 

a rotational movement of a file #25 Hedström.  

The next stage was to wait the formation of 

blood clot for 15 minutes.  A hydraulic silicate 

cement (TotalFill BC RRM Putty, FKG 

Dentaire SA, Switzerland) was placed into the 

middle half of the root canal over the blood 

clot, and a moist sterile cotton pellet was 

placed over it. The access was sealed with 

Ceram X Mono (Dentsply Sirona).  

Results 

Patient follow-up visits were made every 3 

months in the first year and then annually. 

After 4 years the tooth remained 

asymptomatic with positive response to 

sensibility testing, with no color changes 

(fig.3); radiographic assessment showed 

osseous healing of the periapical lesion 

(fig.4a), two closed apex fig. 4b,c) and 

narrower root canals fig 4d, signs of a 

continued root development and of tertiary 

dentin deposition, that prove a pulp 

regeneration process in dens invaginatus and 

the maintaining of pulp vitality in the main 

canal. 

 
Fig.3. 

Discussions. 

Dens invaginatus type IIIB is the least 

common form of this anomaly among the 

three types (Oehlers classification), especially 

in a mandibular tooth (3). The most affected 

teeth by dens invaginatus are maxillary lateral 

incisors (6), 90% lateral incisors and only 

6.5% posterior teeth (5). Mandibular premolar 

involvement DI is rare (7, 8, 9, 10), 

mandibular lateral incisors very rare (8 11, 22 

12), as rare as the mandibular central incisors 

(13). DI associated with other dental 

anomalies affecting a single tooth is extremely 

rare. (14,15). Dens evaginatus (DE) is a 

relatively rare developmental anomaly of a 

tooth resulting in the formation of an 
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accessory cusp or tubercle, comprising of 

enamel, dentin and varying amount of pulp 

tissue (16, 17). A variation of DE is talon cusp 

(type I, Hattab‟s classification), an additional 

cusp that predominantly projects from the 

surface of primary or permanent anterior teeth 

(6). 

 

 
Fig.4a 

 

 
Fig4b. 

 
Fig.4c 

 
Fig.4d. 

In DI type III it is a correspondence between 

the oral cavity through lingual pit, the 

invagination and periapical tissues. Because of 

this communication pulp inflammation can 

occur, necrosis and consequently, PIP. In this 

case the necrosis occurred before the age of 6 

years old, in a tooth with open apex. Positive 

response to the vitality test showed that the 

pulp in the main canal does not communicate 

with the invagination (18). 

The treatment is different, depending on the 

condition of the pulp, age, root and canal 

morphology. Prophylactic treatment is 

preferred in DI type III by sealing the deep pit 

and so, avoiding the contamination of pulp 

tissue by the microorganisms from oral cavity 

and thus with the preserving of tooth vitality 

(9 19). If necrosis and periapical periodontitis 

occur, different treatment options are 

recommended: nonsurgical endodontic 
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treatment of the infected invagination, 

treatment of entire root canal system, 

combined endodontic and surgical treatment, 

intentional replantation, tooth extraction or 

regenerative endodontic procedures (20, 21). 

In this case, in choosing the treatment 

solution, immediate and subsequent 

complications of dental extraction were 

considered. Extraction of a definitive tooth in 

eruption requires the maintenance of the space 

until the age at which the orthodontic 

treatment can offer a solution of 

rearrangement of the teeth on the arch or until 

the age at which it is possible to insert an 

implant and coronary restoration.  Maintaining 

the tooth on the arch, even non-vital, offers the 

advantage of a natural space maintainer, much 

more comfortable at the age of childhood 

compared to any other mobile prosthetic 

device. In this patient, the extraction itself was 

a difficult procedure due to the apical diameter 

much larger than the coronary one, which 

would have required extraction by 

alveolotomy with the risk of luxation of the 

adjacent teeth. 

In this case a combined treatment was applied 

in order to treat the infected invagination and 

periapical lesion, preserve the vital pulp in 

main canal and encourage a continue root 

development and apex closure. According 

Galer regenerative endodontic procedures are 

applicable in this case, in a young patient, a 

tooth with immature apices after pulp necrosis 

and periapical lesion due to developmental 

aberrations (dens evaginatus, dens 

invaginatus). The technique is inexpensive and 

can be accomplished with currently available 

instruments and medicaments. Common 

features of regenerative procedures performed 

in immature teeth with pulp necrosis include 

minimal or no instrumentation of the dentinal 

walls, disinfection with irrigants, application 

of an intra-canal medicament, starting the 

bleeding into the canal and formation of a 

blood clot, capping with calcium silicate, and 

coronal seal (22).  

The disinfection is an essential element of the 

regenerative procedure. Disinfecting agents 

and medicaments in the root canal can 

dissolve proteins and tissues and compromise 

the viability of surrounding cells, specifically 

stem cells from the apical papilla and 

compromise the regenerative process. The 

most commonly used irrigation solution for 

root canal treatment is sodium hypochlorite 

(NaOCl), with a variation in concentrations 

from 0.5 to 6%. Presumably, an inverse 

relationship exists between disinfection 

potency and cytotoxicity. Studies on the effect 

of sodium hypochlorite on stem cells from the 

apical papilla (SCAP) demonstrated that 0.5 to 

3% NaOCl reduced viability to 60%, whereas 

6% NaOCl diminished cell numbers below 

20%. However, a subsequent rinse with 17% 

EDTA could reverse these toxic effects, and 

cell viability recovered (23). The choice of 

sodium hypochlorite concentration should 

reflect the need of a balance between 

sufficient disinfection and tissue preservation. 

EDTA exhibits a positive effect, the release of 

growth factors on the dentine surface, which 

support cell recruitment, proliferation and 

differentiation and might therefore be 

beneficial for regenerative procedures (24). 

On the other hand, the chlorhexidine 

digluconate after NaOCl it is not the best 

choice as an irrigant for regenerative 

endodontic procedures due to its cytotoxic 

effects on SCAP and its interference with cell 

adhesion on the dentine surface (25). Thus, it 

is the recommended to irrigate the canal with 

sodium hypochlorite up to 3% in generous 

quantities and durations, followed by EDTA 

17% using devices to increase the efficiency 

of irrigation, such as passive ultrasound 

activation (24). Antibiotic pastes negatively 

influence growth factor release from dentine 

by EDTA, which is, on the contrary, increased 

after the use of calcium hydroxide (16). 

Concerns have been raised against calcium 

hydroxide as an intra-canal medicament for 

revitalization procedures due the increased 

risk of root fractures. However, it has been 

shown that after 14 days of intra-canal 

dressing with calcium hydroxide, the fracture 

strength of dentine was unaltered; a significant 
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difference can be detectable only after 2 

months (26). Thus, recommendations tend 

towards the use of calcium hydroxide for 

intra-canal medicament in regenerative 

procedure. 

Coronal seal involves placing a pulp space 

barrier over the blood clot (bioactive cements) 

and permanent coronal seal of the cavity to 

prevent reinfection of the root. The blood clot 

inside the root canal should ideally reach 3 

mm below the cement-enamel junction and be 

covered with a biocompatible material capable 

to  induct mineral formation like hydraulic 

silicate cements, such as TotalFill BC RRM 

Putty(FKG Dentaire SA, Switzerland), a 

premixed bio-ceramic material in the calcium 

phosphate silicate cement group with 

osteoconductive and osteoinductive potentials 

(27). The setting time of this material is about 

20 minutes, depending on the moisture in the 

dentin, and complete setting time could be up 

to one-hour (28,29). The application of the 

bioactive cement over the blood clot should be 

done 15 minutes after the bleeding has 

occurred, otherwise the blood clot will not be 

stable and the bio-ceramic material might be 

transported further down into the canal. 

Clinically, a successful regenerative 

endodontic procedure comprises the absence 

of signs and symptoms of inflammation, 

radiographic evidence of resolution of 

periapical lesions, increased root length and 

canal wall thickness, closed apex as a sign of 

continued root development and positive 

response to sensibility testing. The biological 

success of the regenerative endodontic 

procedure comprises the healing of peri-

radicular lesions, the formation of a pulp-like 

vascularized connective tissue in the core of 

the canal and the differentiation of stem cells 

into odontoblast-like cells at the periphery 

(22). 

 

Conclusions 

This case appears to be a successful 

regenerative treatment, one of few cases that 

reports maturogenesis of the root of a necrotic 

non-vital immature permanent tooth using a 

bio-ceramic material and one of the extremely 

rare cases of dens evaginatus and dens 

invaginatus type III at a mandibular central 

incisor with peri-invagination periodontitis. 

The results are in accordance with the 

implementation of the routinely endodontic 

practice of the regeneration protocols. 
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