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Abstract 

Aim To review and discuss current literature available on treatment protocols for Dens in 

dente and evaluate the efficiency of these protocols.  

Introduction Dens in dente, also referred to as Dens invaginatus (DI), is an anatomical 

malformation that is found frequently in permanent maxillary lateral incisors. This anomaly 

poses challenging for clinicians when diagnosing or treatment planning due to the complex 

anatomy of the root canal system. Early detection and diagnosis play a pivotal role in long 

term treatment success. With the use of advanced radiographical imagining in Endodontics 

today, treatment protocols have advanced over the last decades, providing clinicians with a 

variety of treatment options available depending on the case at hand.  

Materials and methods In-depth analysis of literature using articles and case studies from 

impact journals from the last 20 years to compare protocols. 

Discussion Depending on the type of DI present and the condition of the main pulp, different 

protocols can be applied. The main protocols that are used today are: prophylactic surgery, 

preventative sealing, conventional root canal therapy, endodontic apical surgery, exodontia 

and intentional reimplantation.  

Conclusion The main principle in selecting the correct treatment protocol is based on 

maintaining the vitality of the pulp or preserving the tooth by the least invasive method 

possible.  

 

Key words Classification of dens in dente, Dentistry, Dens in dente, Dens Invaginatus, 

Endodontics, Root Canal therapy, Treatment protocols.  

Abbreviations DI= Dens invaginatus, RCT= Root canal therapy PR= pulp revascularisation 

MTA= mineral trioxide aggregate NaOCl= Sodium hypochlorite  
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Objetivo Revisar y discutir la literatura actual disponible sobre los protocolos de tratamiento 

del Dens in dente y evaluar la eficacia de estos protocolos.  

Introducción El Dens in dente, también denominado Dens invaginatus (DI), es una 

malformación anatómica que se encuentra con frecuencia en los incisivos laterales maxilares 

permanentes. Esta anomalía supone un reto para los clínicos a la hora de diagnosticar o 

planificar el tratamiento, debido a la compleja anatomía del sistema de conductos 

radiculares. La detección y el diagnóstico tempranos desempeñan un papel fundamental en 

el éxito del tratamiento a largo plazo. Con el uso de imágenes radiográficas avanzadas en 

endodoncia, los protocolos de tratamiento han avanzado en las últimas décadas, 

proporcionando a los clínicos una variedad de opciones de tratamiento disponibles 

dependiendo del caso en cuestión.  

Materiales y métodos Análisis en profundidad de la literatura, utilizando artículos y estudios 

de casos de revistas de impacto de los últimos 20 años, para comparar los protocolos. 

Discusión Dependiendo del tipo de DI presente y del estado de la pulpa principal, se pueden 

aplicar diferentes protocolos. Actualmente los más utilizados son: la cirugía profiláctica, el 

sellado preventivo, la endodoncia convencional, la cirugía apical endodóntica, la exodoncia y 

el reimplante intencional.  

Conclusión El factor principal a considerar para seleccionar el protocolo más adecuado se 

basa en, mantener la vitalidad de la pulpa o preservar el diente mediante el método menos 

invasivo posible. 
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1. Introduction  

1.1. Definition, Prevalence, History and 

Histopathology  

Dens in dente, also referred to as Dens 

invaginatus (DI), can be defined as an 

anatomical anomaly that is frequently 

found in the permanent maxillary 

lateral incisors. It consists of a 

‘deepening or invagination of the 

enamel organ into the dental papilla 

prior to calcification of the dental 

tissues (Hüksmann 1997)’ (1), with a 

prevalence of approximately  0,3% to 

10% in permanent teeth (2) and is 

rarely found in primary dentition (3). 

The anomaly is usually diagnosed upon 

casual radiographical findings, only in 

some cases will the patient present 

symptoms such as ‘pain and/or swelling 

associated with the involved tooth’ 

(3)(4).  

The malformation presents a thin layer 

of enamel and dentine that separates 

the pulpal tissue, and that 

histopathologically can be described as 

hypoplastic (5). The invagination allows 

entry of irritants and bacteria into the 

area and therefore presents as a risk 

factor for the development of dental 

caries, or pulp necrosis if not diagnosed 

early (6).  

With the lining of the invagination 

easily retaining bacteria, dental caries is 

more prone and this predisposition can 

lead to an infection of the pulp or the 

periapical tissues when not treated (7).   

In some cases, channels may also exist 

between the invagination and the pulp 

(6).  

It is found most commonly in the 

maxillary lateral incisors (1), followed 

by maxillary central incisors and rarely 

in canines, premolars or molars (7). 

Additionally, cases are rarely found in 

the mandible (8). A study carried out by 

Hamahsa & Al-Omari (2004) showed 

that in 1660 patients examined, 61 out 

of 14090 teeth had an invagination, 

and of those 90% were lateral incisors 

and only 6.5% were posterior teeth (1). 

It should also be noted that deciduous 

teeth are rarely involved, (8) with only 

4 case reports presented of patients 

with dens in dente in primary teeth (7). 

It must also be highlighted that males 

are more prone to affection of dens in 

dente when compared to females, with 

a ratio of 3:1 (9).  

Many authors have also discussed if the 

anomaly can present as an 

asymmetrical or symmetrical 

phenomenon. With the latter being the 

consensus. Grahnen et al. (1959) study 

of 3020 lateral incisors found that in 

43% of these patients, bilateral 

symmetry was found (1). Therefore, 

clinical and radiographical examination 

of the contralateral tooth is advised 

upon diagnosis (10).  

It has also been reported that this 

anomaly can be found alone or in 

association with other dental 

malformations or syndromes. For 

example, microdontia, macrodontia, 
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taurodontism and dentinogeneis 

imperfecta (10). 

The first reference to this anomaly 

dates back to 1897, where Busch was 

the first to use the term ‘dens in dente’ 

to imply the radiographic appearance 

of a tooth within a tooth (1). Later in 

1951, Hunter referred to the anomaly 

as ‘dilated composite odontome’ to 

infer to the abnormal dilation of the 

dental papilla. Whereas, Colby in 1956 

introduced the term ‘gestant anomaly’ 

(1). Other existing synonyms of this 

malformation are: invaginated 

odontome, dilated gestant odontome, 

tooth inclusion, dentoid in dente, dents 

telescopes (6).  

Regarding the aetiology, it seems that 

both genetical and environmental 

factors play a role with the interaction 

between mesenchymal and epithelial 

cells in tooth development (7). Even 

though there is a general consensus 

amongst literature that the anomaly is 

of embryonic origin, due to an 

epithelial invagination within the 

depths of the ecto-mesenchymatous 

papilla (8), there is still much confusion 

whether genetical factors are the 

predominant theory. Therefore, no 

concrete conclusion overrules (1).  

‘External forces from adjacent teeth, 

trauma and infection may also 

contribute to the aetiology’ (7)(11)(12).  

1.2 Classification 

‘The first documented attempt to 

classify dens invaginatus was by Hallet 

(1953) who suggested the existence of 

four types of invagination based on 

both clinical and radiographic criteria’ 

(1).  

‘However, the system described by 

Oehlers (1957) appears to be the most 

widely used due to its ease in 

application’ (1). The system classifies 

the anomaly based on the extent of 

invagination by using radiographic 

analysis.  Three main types exist, as 

seen in Figure 1.  

 

Figure 1 Oehlers (1957) classification of 

dens in dente. (a) Type I (b) Type II (c) 

Type III A and (d) Type III B (13) 

Type I can be classified as a minimal 

invagination (enamel-lined) that is 

confined to the crown and does not 

extend the cemento-enamel junction.  

Type II presents an invagination that 

extends into the pulp chamber but has 

no communication with the 

periodontal ligament, therefore 

confined to the root canal.  

Type III A can see an invagination that 

extends through the root and 

communicates with the periodontal 

ligament space in a lateral direction, 

creating a so called ‘psuedo-formaen’. 

This type of invagination usually 

presents no communication with the 
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pulp, which should be noted at it 

affects treatment protocol choices. 

Type III B similarly extends through the 

root with communication of the 

periodontal ligament at the level of the 

apical foramen with no communication 

of the pulp.  

It is very important that type II and III 

must be differentiated and classified 

correctly using radiographs as they can 

be misinterpreted and lead to incorrect 

treatment planning (13).  

It must be highlighted that in type IIIB 

lesions, any infection within the 

invagination can lead to an 

inflammatory response within the 

periodontal tissues which is known as 

‘peri-invagination periodontitis’ (6) 

(14).  

1.3 Clinical Presentation  

Upon exploration we can find specific 

morphological changes that can 

suggest the presence of this 

malformation (7). However, changes 

alone in morphology of the crown do 

not suggest a definitive diagnosis of 

dens in dente, but can suggest the need 

for further radiographical examination 

to confirm a definitive diagnosis (7). An 

important clinical sign to recognise is 

the entrance of the invagination, which 

presents itself as a ‘deep foramen 

caecum on the palatal or occlusal 

surface of the tooth’ (7). Although 

some teeth present normal 

morphology and appear normal (10), 

the following morphological changes 

have been identified in teeth with dens 

in dente: (7)(15) 

1. Palatal pit or groove, which is 

always the entrance to the 

invagination.  

2. Cone-shaped teeth with either 

absence of an incisal edge or 

increased height of cervical-

lingual collars. 

3. Dilated crown when compared 

with contralateral teeth. Usually 

enlarged crowns with increase 

labial-lingual and/or mesiodistal 

diameter or enlarged 

cingulum’s. 

4. Microdontic teeth. 

5. Talon cups or dens eviginatus, in 

some cases we have both dens 

invaginatus and eviginatus 

existing in the same tooth 

simultaneously.  

6. Presence of labial groove.  

Figure 2. Images highlighting the main 

morphological changes (7) 

 

(a) Palatal groove (b) Palatal pit on 

palatal surface (c) Cone shape tooth (d) 

Dilated crown (e) Bilateral talon cups, 

with a palatal pit in tight maxillary 

lateral incisor (7) 

1.4 Diagnosis and Treatment 

Clinically, an early diagnosis is desirable 

for a good prognosis of treatment (7). 

When choosing the correct protocol, a 

thorough preoperative evaluation of 



 9 

the severity and complexity of the 

invagination should be carried out (13). 

In general, when diagnosing this 

anomaly, clinicians can face great 

difficulties due to the absence of 

clinical and radiographic signs (10). 

Therefore, conventional 2-Dimensional 

radiographs taken at different angles 

and cone-beam CT imaging can be 

useful to examine the canals in a three-

dimensional view to classify the type 

and depth of invagination for 

establishing a treatment plan (13). It is 

usually challenging and limited by 

various factors, such as the clinician’s 

knowledge, radiographic limitations 

and lack of general consensus on this 

anomaly (10) . For this reason, the 

anomaly is usually undetected in many 

cases until pulpar pathologies or 

complications arise (1). Complications 

such as internal root resorption, 

fractures and peri-invagination 

periodontitis can occur (1)(2)(6).  

Treatment of this pathology will be 

dependent on the classification and 

type of invagination present (13). In 

general,  current treatment protocols 

consist of: early detection of the lesion, 

prophylactic or preventive sealing of 

the invagination, root canal treatment, 

endodontic apical surgery, and 

intentional replantation (5). Up until 

the 1970s, teeth affected by this 

anomaly were considered to have an 

extremely poor prognosis and the 

preferred treatment option for severe 

invaginations were extractions 

(Hüksmann 1995)(10)(13). In some 

complex cases today, extraction is still 

the first option when the clinician faces 

a case of severe invagination with 

abnormal crown morphology that not 

only causes functional problems, but 

also affect aesthetics (Rotstein et 

al.1987) (13). In addition, following the 

trend of prevention in modern-day 

dentistry, dens in dente has phased 

more into an endodontic approach 

from an extraction-oriented one (5). 

‘As pulpal involvement of teeth with 

coronal invaginations may occur in a 

short time after tooth eruption, an 

early diagnosis is mandatory to 

instigate preventive treatment (6)’. It 

has also been noted that in cases that 

present dens in dente in immature 

teeth, a proposed treatment option is 

pulp revascularization (PR) (7). This 

must be considered as immature teeth 

are more prone to fracture (13)(16) .  

2. Objectives 

1. To identify the current available 

treatment protocols used for 

achieving a successful 

treatment for dens in dente 

patients.  

2. To evaluate the efficiency of 

these protocols using clinical 

studies.  

3. To present a brief comparison 

of these protocols depending on 

the type of anomaly present.  

4. To explore future protocols 

based on evolving technology in 

endodontics today by reviewing 

the progression through the last 

decades in Dentistry.  
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3. Materials and methods   

An in-depth analysis of literature was 

carried out to evaluate the specific 

topic in question. Numerous current 

articles and impact journals from 

mainly the last 20 years were used to 

assess the trends in protocols available 

today at present. Case studies were 

also included due to their clinical 

relevance and to assess the success of 

each treatment protocol. Inclusion 

criteria was based on the use of 

keywords and using 25 articles from 

recent years to ensure only updated 

protocols were reviewed and included. 

Exclusion criteria was based on any 

articles or case studies not written in 

English, or in which other pathologies 

other that DI were included. These 

articles were excluded due to having no 

clinical relevance. Keywords used were: 

Classification of dens in dente, Dens in 

dente, Dens Invaginatus, Endodontics, 

Root Canal therapy, Treatment 

protocols. 

4. Discussion  

4.1 Treatment protocols  

When approaching treatment planning 

in cases of DI, the apical periodontium 

must be examined (3). Even if there is 

an absence of radiographic signs, pulp 

vitality should always be performed (3). 

This complete diagnosis will 

consequently affect the treatment 

outcome. If the pulp is unaffected, then 

the tooth can be restored to avoid 

access of any bacteria entering the 

invagination and seal it from the oral 

environment (3). However, since these 

teeth have a tendency of progression 

into non vital teeth,  in many cases it is 

beneficial to carry out endodontic 

treatment prior to any restoration (3).   

Therefore in summary, the general 

objective seen amongst literature for 

permanent teeth with DI is to preserve 

the health of the pulp if at all possible 

(10) (17). However, were disease has 

developed, then a decision has to be 

made whether to treat the invagination 

and the pulp separately, or combined 

(10). It should be highlighted that there 

can be a tendency to combine both 

surgical and non-surgical (such as 

conventional RCT therapy) approaches 

in the same tooth depending on the 

classification and prognosis (3). Both of 

these alternatives can be achieved 

using modern day endodontic 

techniques and materials (10). As 

previously mentioned above, the main 

treatment protocols that are used 

today are: prophylactic surgery, 

preventative sealing, conventional root 

canal therapy, endodontic apical 

surgery, exodontia and intentional 

reimplantation (5). In addition, these 

advanced treatment options available 

today have provided hope for teeth 
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that could not be saved before and 

treated via extraction (7).  

As primary teeth are infrequently 

affected by DI, treatment protocols 

won’t be as extensively discussed (3). 

Throughout literature there has only 

been four well known cases of 

presentation of DI in primary dentition, 

as seen in Figure 3 (3). Therefore, 

protocols are relatively simple, and 

extraction is only indicated in cases in 

which the periapical lesion influences 

the permanent tooth germ (7). 

Normally, depending on the condition 

on the pulp, conventional root canal 

therapy or composite resin can also be 

used (7).  Moreover, if the patient 

simultaneously presents 

supernumerary teeth, extraction of 

these additional teeth is selected (7).   

 

 

4.1.1 Type I

Type I is the most common type of DI 

and the easiest to treat due to its 

minimally invasive behaviour, as the 

invagination is confined to the crown 

not extending the CEJ (7). For this type 

of DI, prophylactic filling is the 

preferrable choice of treatment when 

no pulpal affection exists (7)(6). This 

option is effective due to the absence 

of involvement of the pulp (7) (18).  

In the past, there has been a wide 

variety of techniques used for 

prophylactic treatment (6). For 

instance, the preparation of the 

invagination entrance is made and an 

amalgam restoration is placed (6). 

Other more contemporary techniques 

now include the placement of  flowable 

composite resin to seal the invagination 

from the external environment and 

preventing bacterial entry (7). A fissure 

sealant can also be placed, for when 

the entrance to the canal is difficult to 

access due to size (7)(6).  

It is always essential to carry out 

periodic follow ups in these patients as 

any development in pathology or loss 

vitality could mean the need for further 

extensive treatment, such as RCT (7)(6).  

On the other hand, if pupal affection 

exits in this type, then a different 

protocol must be carried out. If the 

tooth presents limited pulpitis, we can 

perform a pulpotomy, such as in 

immature teeth (7). However, if there is 

extensive pulpitis then RCT will be 

needed where the debridement of both 

the main canal and invagination must 

be cleaned thoroughly (7). In immature 

teeth with extensive pulpitis, and 

where extraction is not chosen, 

apexification of pulp revascularizion 

(PR) is more efficient (7). An open apex 

Figure 3. Recorded cases of DI in primary 

teeth (3)  
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is treated by forming an apical plug 

using calcium hydroxide or MTA (6). 

4.1.2 Type II 

Type II presents an invagination that 

extends into the pulp chamber but has 

no communication with the periodontal 

ligament, therefore confined to the 

root canal (13). Depending on the 

extent of the invagination into the pulp, 

a treatment protocol will be chosen. If 

a tooth presents type II DI but no 

caries, a preventive prophylactic 

treatment is sufficient (7). However, if 

caries is present with a vital pulp, the 

invagination alone will be treated (7). 

When analysing failure in treatment, 

13.4% were accounted by the sole 

treatment of the invagination in type II 

DI (7). This can be discussed further and 

related to the type of filling material 

used: composite resin, amalgam or 

glass ionomer. Which in theory, can all 

lead to a possible  failure in treatment 

due to microleakage or irritation of the 

pulp which consequently causes a loss 

of vitality (7).  Due to this factor, MTA is 

the chosen filling material due to its 

biocompatibility and antibacterial 

properties (7)(19). Antiseptic control is 

also an important factor in treatment 

(20). It can be achieved by using 

intracanal medicants, for example 

calcium hydroxide or triple antibiotic 

paste(ciprofloxacin, metronidazole, 

minocycline)(6).  

If any periapical lesion is present upon 

diagnosis, RCT will be the first elected 

method before surgery (7). The 

procedure can be done by filling both 

the invaginated canal and main canal 

separately, thereby leaving the 

invagination, or removing the 

invagination completely (7)(21). By 

leaving the invagination in place 

consequently leads to a more difficult 

and complex treatment, as cleaning 

and debridement becomes more 

challenging (7). However, an overall 

increase in tooth root structure 

strength is seen when the invagination 

is left in place (7). During removal of 

the invagination, caution must be 

taken. The decision should be made 

and tailored to the specific cases in 

question as it not applicable to all cases 

(7). Thereby when permitted, the use 

of magnification to access the entrance 

is done using fast hand piece burs and 

ultrasonics (6). Once the access is 

complete and the entrance is 

permitted, MTA for example can be 

used to obturate the invagination or 

canal alone and sealed with composite 

(6). When the invagination is located 

near the CEJ, it can be removed by 

coronal pre-flaring (7). This removal can 

be carried out due to the developments 

in technology in endodontics and the 

use of microscopes and ultrasonics 

combined (7). Although additionally, 

other instruments such as a fissure bur, 

K-file or H-file may also be used to aid 

the removal of the invagination (7).  

For immature teeth with an open apex, 

apexification is the chosen protocol (7). 

If the tooth also presents a radiolucent 

image, inferring to a periapical lesion, 

then PR can be performed (7).  
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4.1.3 Type III 

Type III DI has two clinical 

presentations, Type IIIA and B. Both 

extend through the root and 

communicate with the periodontal 

ligament space and in type A via a 

lateral direction, creating a so called 

‘psuedo-foramen’(13). This type of 

invagination usually presents no 

communication with the pulp (13). 

Therefore this more complex root canal 

system means it is necessary to carry 

out complementary CBCT 3-

Dimesntional radiographs to assess the 

invagination and guide treatment (7). It 

is common to find both pulpal affection 

and periapical lesions in this 

classification (7). The first step in 

treatment planning in this case is to 

assess the condition of pulp vitality in 

the main pulp (14). This will be the 

deciding factor in the chosen protocol 

(7). The invagination will normally be 

treated as a normal canal to preserve 

vitality (6).  

Firstly, if the main canal is vital, it is 

recommended to clean and obturate 

the invaginated canal to ensure vitality 

of the main canal (7).   

Secondly, if both the main canal and 

invagination are infected, debridement 

of both canals must be carried out 

separately and filled (7). It should also 

be noted the location of the canal. For 

example in a type IIIA where the main 

canal is located laterally and is 

immature with a wide open apex then 

apexification or PR is recommended (7). 

On the contrary, if the invaginated 

canal presents a wide-open foramen 

and apexification is performed, it has 

been proven the failure in forming a 

hard tissue barrier to seal the canal 

from the main canal when the pseudo-

foramen is laterally placed (7). This can 

be said to occur due to the low 

regenerative ability of the pseudo-

foramen and the placement of MTA as 

a barrier is recommended (7).  

However if for instance, the 

invaginated canal is located more 

centrally within the main canal, ‘the 

main canal obtains further 

development through apexification or 

PR of the invaginated canal(7)’. With 

the canals having communication with 

the periodontal ligament, the main 

canal will suffer any effect of 

medication placed in the invaginated 

canal as if it was placed directly into the 

main canal (7). Therefore, some 

authors have suggested to remove the 

invaginated canal completely using 

ultrasonics and fast hand piece burs, 

common to type II treatment, to ease 

and facilitate endodontic treatment 

(7)(6).  

In summary, only if conservative 

treatment such as RCT, apexification or 

PR fails will surgery be indicated (7). 

Extraction is the final option when 

endodontic and/or combined therapy 

fails, or if complicated root anatomy 

exits (7). If extraction is carried out, it is 

usually followed by prosthodontic 

treatment (6). ‘Intentional 

reimplantation has only been reported 

in very complex forms of type III’ (6). 
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 A summary of treatment options can 

be seen below in Figure 4 and 5 (7).  

 

 

 

 

 

 

 

 

 

 

Figure 4. Summary of treatment options for Type I and II DI (7) 

 

Figure 5. Summary of treatment options for Type III DI (7) 
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4.2 Case studies  

From various case studies researched, a 

select few cases have been chosen and 

discussed below that are clinically 

relevant to the treatment protocols 

reviewed in the section above. Each 

case study includes a different 

diagnosis and alternative treatment 

protocol used by the clinician when 

approaching a case of DI. The efficiency 

of each protocol can be appreciated by 

the conclusion of results of each case 

by the use of control follow up 

radiographs and clinical examination 

carried out by the clinician.  

 4.2.1 Case study: Nonsurgical 

endodontic treatment in open-apex 

and immature teeth with aid of an 

apical barrier  

In general, with regards to an open 

apex, clinicians can face difficulties of 

overfilling the canal or in forming an 

adequate apical seal due to the lack of 

apical stop (22) (23) (24). Therefore, 

additional challenges arise when a 

patient presents with both DI and an 

open root apex (22). The use of an 

apical barrier in endodontics for 

different apical lesions has been seen 

throughout literature (22) and ‘the 

insertion of an apical plug is an 

alternative to conventional long-term 

apexification with calcium hydroxide’ 

(23). Materials such as collagen can be 

used as an apical barrier as they obtain 

characteristics that provide ‘complete 

hemostasias, support new tissue 

growth and absorb in one to 14 days 

when left in situ’ (22).  

One case study presented in a scientific 

journal using the selected technique of 

conventional RCT and an apical 

membrane to treat an Oehlers type II 

DI in an immature apex, can be of 

clinical relevance when apexification or 

PR are not the first line in treatment 

choice. The case of a 15-year-old 

patient with open apexes and bilateral 

Oehlers type II DI in the maxillary 

lateral incisors was selected. The 

patient also presented ‘extensive peri-

radicular radiolucency, internal 

resorption and a vestibular fistula in the 

left maxillary lateral incisor’ (22). The 

patient was referred to the endodontist 

specialist with a chief complaint of pain 

and swelling one month prior to 

examination. Upon examination, 

additional complementary tests were 

carried out and periapical radiographs 

and gutta-percha points were used to 

aid diagnosis. It should also be noted 

both incisors were of peg shaped 

anatomy. As seen in Figure 6. Due to 

the anatomy of these teeth, access to 

the apical portion was difficult. The 

final diagnosis given to the patient was 

Oehlers type II DI and chronic apical 

periodontitis for both maxillary lateral 

incisors. The treatment plan suggested 

for the right lateral incisor (tooth 12) 

was RCT with the use of an ‘apical plug 

of MTA cement, followed by 

restoration with resin-based cement 
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and dentinal adhesive for root 

reinforcement’ (22). In regard to the 

left lateral incisor (tooth 22), 

conventional RCT.  

Treatment was started on tooth 12 

first, with three appointments 

scheduled. In the first appointment the 

clinician placed the anaesthesia, rubber 

dam and prepared the access cavity. 

The type II invagination was removed 

using a Mueller bur with the aid of 

radiographs to check the inclination 

and direction of the bur to avoid over 

instrumentation of the dentin 

structure. Number 70 K-file was used to 

identify the working length, and 

manual instrumentation was 

performed. Throughout the 

instrumentation, it was made sure that 

the dentin structure was preserved to 

ensure enough structural support for 

the post to be placed later. The canal 

was irrigated using 0.5% sodium 

hypochlorite solution (NaOCl) and 

calcium hydroxide paste was placed 

within the canal. A week later the 

second appointment was performed. 

The tooth showed no signs or 

symptoms, and the sinus tract was 

closed. The clinician removed the 

calcium hydroxide and cleaned the 

canal once again with NaOCl to prepare 

for the placement of the collagen 

membrane via the apex. The 

membrane was chosen to be placed ‘to 

provide a resorbable extra radicular 

barrier against which MTA could be 

packed’ (22). In this specific case, due 

to the size and limited access, the 

membrane was indicated to be cut into 

small pieces and placed in the apex and 

packed with a plugger. Once the 

collagen was placed into the defect and 

an apical seal was achieved at the 

cavosurface of the root apex, MTA was 

compacted to ‘create an artificial apical 

barrier with a thickness of 4mm’ (22). 

The canal was then sealed with a 

temporary filling using provisional 

cement. On the third, and final 

appointment, the provisional cement 

was removed, and the canal cleaned 

and dried using paper points. The 

remaining root canal was then 

reinforced using a fibre composite post 

and the crown obturated using resin-

based composite. A summary of 

treatment can be seen in Figure 7. (22) 

For tooth 22, again the clinician 

initiated non-surgical endodontic 

treatment. Anaesthesia was 

administrated and rubber dam isolation 

was placed to open and prepare the 

access cavity. The canal was cleaned 

and shaped with placement of an 

intracanal medicament. Finally, the 

canal was obturated using ‘gutta-

percha and AH 26 by using the lateral 

condensation technique’ (22). A 

summary of treatment can be seen in 

Figure 8. (22) 

Lastly, one week post treatment, the 

patient remained symptom free and 

the complete healing of the sinus tract 

was visible. Using control radiographs, 

after four years the patient maintained 

asymptomatic, and a reduction of 

periapical lesion was also noted (22). 
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Figure 6. Case one A. Peg shaped 

crowns on both lateral incisors. B. 

Clinical examination C. Tooth 12 type II 

DI D. Tooth 22 type II DI with sinus tract 

(22) 

 

Figure 7. Case one Treatment of tooth 

12 A. Working length with k-file 70 B. 

Collagen membrane placement C. 

Apical barrier with MTA D. Control 

follow up, four years post treatment 

with osseous healing (22) 

 

Figure 8. Case one Treatment of tooth 

22 A. and B. Cavity access preparation 

C. Working length with K-file D. Final 

radiograph after obturating (22) 

A similar case of a 23-year-old patient 

who was referred from the 

orthodontist department to the 

endodontist, this was due to the finding 

of type II DI with an open apex and a 

large peri-radicular radiolucency upon 

routine examination in the upper left 

maxillary lateral incisor. The patient’s 

initial complaint was the ‘space 

between her anterior teeth’ (22). It was 

also highlighted that the patient 

presented bilateral agenesis of the 

canines. The clinician carried out 

additional complementary tests to 

confirm the diagnosis. The contralateral 

tooth was also examined, and no 

anatomical malformation was found. 

The final diagnosis presented to the 

patient was ‘Oehlers type II DI with 

necrotic pulp and chronic peri-radicular 

periodontitis in the left maxillary lateral 

incisor’ (tooth 22)(22) .The proposed 

treatment plan was conventional RCT 

using an apical barrier and MTA. The 

treatment was also split into three 

appointments. On the first 

appointment, the access cavity was 

prepared, and the invagination was 

removed. The canal was prepared using 

both K-files and NaOCl to clear the 
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canal of debris. Paper points were used 

to dry the canal which was then filled 

with calcium hydroxide paste and 

sealed with a temporary cement. The 

following week the second 

appointment was carried out. The 

provisional was removed and the apical 

membrane made from collagen was 

placed in the apex. MTA was used to 

obturate the apical portion of the canal 

against the collagen membrane which 

was then sealed with zinc oxide 

eugenol as a temporary filling. On the 

final appointment the clinician verified 

that the MTA was correctly set, and 

remaining root canal was obturated 

with gutta-percha and AH 26 using the 

lateral condensation technique. To 

finish the treatment, the crown was 

obturated with resin-based composite. 

Control radiographs were carried out 

six months post treatment, which 

confirmed complete healing. Figure 9 

shows a summary of treatment (22).  

 

Figure 9. Case two Treatment of tooth 

22 A. Initial radiograph of type II DI in 

the left maxillary lateral incisor B. 

Working length with K-file C. Apical 

plug using a collagen membrane with 

MTA D. Six months post treatment 

control radiograph, showing complete 

healing and the initiation of 

orthodontic treatment (22) 

In conclusion, from both cases 

presented using non-surgical 

endodontic treatment, successful 

healing of peri-radicular lesions in the 

management of type II DI was proven. 

In both cases the invagination was 

removed completely without failure of 

treatment. The use of an apical barrier 

in aiding MTA compaction was also 

proven to be able to create an 

adequate apical seal. Therefore, when 

clinicians face a type II DI case, 

apexification or PR are not the only 

treatment options available. Depending 

on the case, conventional RCT is also an 

applicable treatment option (22).  

4.2.2 Case study: Nonsurgical 

conventional root canal therapy on 

type II DI without the removal of 

invagination  

As previously mentioned in the Figure 

4, the indicated treatment protocol for 

type II DI in a closed apex, is the 

removal of the invagination followed by 

conventional RCT (7). An interesting 

case published in a scientific journal 

presents an 11-year-old patient who 

was referred to the endodontist 

specialist after multiple failed attempts 

to carry out conventional RCT on a 

maxillary right lateral incisor (tooth 12). 

The lateral incisor presented pain upon 

percussion, sensitivity and recurrent 

sinus tract in the vestibular area. The 

general practitioner who initiated 

treatment located one canal, and with 

various placements of intracanal 

medicaments over 8 months, failure of 

relief of symptoms lead to the referral 

to the endodontist specialist. Upon 

examination, in conjunction with 

radiographs, type II DI with a peri-

radicular lesion was diagnosed. Tooth 

12 also responded negatively to the 
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pulp sensitivity test. On the first 

appointment, the clinician placed 

anaesthesia and isolated the tooth 

using a rubber dam. The access cavity 

was then modified leading to the 

discovery of the second canal, the 

invagination present in the 

radiographs. The canals ‘were 

negotiated with 15 K-flexofile and 

irrigated with 2.5% NaOCl’ (25). Root ZX 

apex locator was used in determining 

the working length followed by 

instrumentation of the canals. Firstly, 

the primary canal was instrumented 

using manual instrumentation (size 

50K-file) and step-back technique. 

Preparation of the cervical third was 

carried out with Gates-Glidden burs. 

Secondly, the invagination, which is the 

secondary canal was instrumented 

using a size 40 K-file. Throughout the 

treatment the selected choice of 

irrigant used was 2.5% NaOCl, 

excluding the step of preparation of the 

cervical third of the primary canal with 

the Gates-Glidden burs. The final 

irrigation cycle was carried out by 

rinsing the canal with 5mL of 17% EDTA 

for 3 minutes, which was activated 

using ultrasonic stream and followed by 

sterile saline solution at 5mL. The canal 

was then dried, and the clinician placed 

calcium hydroxide paste with a 

temporary filling. The second 

appointment was carried out two 

weeks later after the confirmation of 

tooth 12 being asymptomatic and the 

curation of the sinus tract. Both canals 

were obturated using the lateral 

condensation technique with gutta-

percha and AH plus cement. The crown 

was obturated using composite resin. 

Control radiographs were taken at 6,12 

and 18 months which provided 

evidence of complete periapical 

healing. The patient then proceeded to 

begin orthodontic treatment (25). 

Figure 10 provides a summary of 

treatment on tooth 12 (25).  

 

Figure 10. Conventional RCT on tooth 

12 A. Maxillary lateral incisor 

presenting type II DI and a peri-

radicular lesion B. Final radiograph 

after endodontic treatment C. 18-

month follow up control radiograph 

showing complete bone repair (25) 

To conclude, this complex case showed 

that the presence of type II DI with a 

secondary canal can be often 

misdiagnosed by general practitioners 

and lead to the failure of conventional 

RCT. In addition, when treating type II 

DI, the secondary canal can be left and 

treated in conjunction to the primary 

canal whilst still resulting in a successful 

resolution of the peri-radicular lesion.  

4.2.3 Case study: Surgical intervention 

to treat an open apex, coronal 

radicular invagination with an 

associated peri-radicular radiolucency  

Surgery as a treatment option for DI is 

indicated if conservative treatment 

such as conventional RCT, apexification 

or PR fails (7). However, in cases of RDI, 
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peri-radicular surgery is a viable 

treatment option (7)(8). This surgical 

technique including a retrograde filling 

with the use of gutta-percha was 

demonstrated in a case of a 23-year-old 

patient who upon examination 

presented radiographic findings of: 

‘open apex, coronal radicular 

invagination and a short root with an 

associated peri-radicular radiolucency 

which began at the apex and extended 

along the distal side of the root’ on 

maxillary right lateral incisor (tooth 12) 

(8).  See below Figure 11.  

 

Figure 11. Maxillary lateral incisor 

presenting an immature apex, 5 years 

prior to necrosis or sinus (8) 

The patient’s chief complaint was a 

‘sinus in the area of the apex of the 

maxillary right lateral incisor’ with 

‘slight swelling associated with a labial 

sinus’ (8). It should also be noted that 

the crown of tooth 12 presented an 

anatomical malformation, with a 

conical and microdontic appearance. 

See Figure 12 (8). The tooth did not 

respond to thermal or electric tests 

that were performed to diagnose the 

vitality of the pulp. However, the tooth 

was sensitive to percussion and 

presented slight mobility of 2mm. The 

final diagnosis of ‘chronic peri-radicular 

abscess with periodontitis was made’ 

(8) and the chosen treatment was peri-

radicular surgery using a full-thickness 

muco-periosteal flap. ‘This procedure 

results in minimal loss of hard tissues, 

permitted subsequent restoration of 

the tooth’ (8). The tooth after diagnosis 

and prior to surgery can be seen in 

Figure 13 (8).  

 

Figure 12. Intraoral view of tooth 12, 

with microdontic and conical shape 

with a sinus present at the apex (8) 

 

Figure 13. Maxillary lateral incisor with 

an immature apex, DI, short root with 

peri-radicular radiolucency and 

microdontic appearance (8) 

Anaesthesia was administrated and a 

flap was made using an intrasulcular 
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incision. The cortical bone was affected 

by the lesion so the use of a round bur 

with a slow handpiece to limit the 

margins was necessary. Saline irrigation 

was used. ‘Curettage of the soft tissue 

around the root-end of the tooth was 

undertaken’ (8) and placement of 

haemostatic plug in the bony defect at 

the apex was placed. The plug 

consisted of alginate calcium fibres and 

surgical wax.  NaOCl at 2% was used to 

irrigate the canal via the apical opening, 

with the aid of curved files. The 

haemostatic plug was removed and 

replaced after irrigation and cleaning of 

the cavity. Zinc oxide-eugenol cement 

was then carried into the canal on a 

pre-curved file and using an amalgam 

carrier, gutta-percha was heated and 

compacted using a spacer. ‘Another 

increment of gutta-percha was 

compacted with a spreader of the 

diameter of the cavity completed the 

filling’(8). A helicoidal tungsten-carbide 

bur was used to finish the filling and 

cold burnished.  As seen in Figure 14 

(8). 

 

Figure 14 .Tooth 12 compacted with 

gutta-percha and cold burnished (8) 

‘The mixture of alginate fibres and 

surgical wax was removed and the bony 

crypt rinsed with physiological saline 

and the flap was repositioned and 

sutured’ (8). Figure 15 shows the final 

radiograph (8) 

 

Figure 15. Final radiograph shows 

obturated canal (8) 

The patient was prescribed post 

treatment medication of antibiotics and 

anti-inflammatories with the addition 

of a chlorohexidine mouthwash. Post-

operative reviews including radiographs 

and clinical examinations that were 

carried out at 15 and 30 days followed 

by 2,3,6,9 and 12 months. Complete 

osseous healing was seen. 

 This case provides evidence of a 

successful treatment of DI when using 

an invasive surgical technique. The 

success of this treatment provides 

promise for surgical intervention for 

more complex severe cases of DI that 

cannot be treated conventionally but 

can be saved from extraction.  
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4.3 Future trends  

The importance of radiography as a 

diagnostic tool has been emphasised 

throughout various literature. In 

addition to the use of conventional 

radiographs that are used routinely in 

endodontics for diagnostic purposes, 

such as periapicals, in the past decade 

there has been an increase in the use 

and development of three-dimensional 

imaging (7)(26). Previously, radiographs 

were limited to simply to two-

dimensional images (26), and even 

though DI can be ‘detected by routine 

radiographs, cone-beam computed 

tomography (CBCT) has aided not only in 

diagnosis  and classification, but also in 

improved treatment planning of 

complicated cases’ (26) (27). This is due 

to the technique offering the clinician 

with a more precise and accurate view 

of the canals (7).‘Various authors have 

reported the benefits of CBCT in 

management of complex endodontic 

cases’ (26). Therefore, on the basis of 

current literature, it is evident that in 

the future with further advances in 

technology, treatment protocols for DI 

are also likely to evolve.

5. Conclusion 

In conclusion, it has been presented 

that the treatment protocols used to 

treat DI are different according to the 

different types of DI present and the 

condition of the main pulp. The main 

principle in selecting the correct 

treatment protocol is based on 

maintaining the vitality of the pulp or 

preserving the tooth by the least 

invasive method possible. The 

efficiency of these protocols has been 

seen throughout clinical cases 

presented in literature and impact 

journals throughout the last decades. It 

is important to highlight that each case 

requires a careful diagnosis and 

treatment planning upon selection of 

protocol as not all cases can be treated 

in the same methodical manner.  

Finally, we can predict an evolution in 

upcoming protocols for DI, provided 

that technological advances within 

Dentistry also continue to evolve.

6. Responsibility  

In terms of social sustainability, this 

literature review shows importance in 

the field of Endodontics in Dentistry due 

to the lack of general consensus 

surrounding aspects of Dens in dente. 

Therefore, this review highlighted the 

need to raise awareness for more 

research to be carried out to gain a 

wider understanding of the anomaly for 

the use of general practitioners, thus 

improving patient care. Considering 

economic sustainability, treating DI at 

an early stage prevents the patient from 

needing conventional RCT or further 

surgical intervention which would 

essentially cost more.  In addition, with 

regards to environmental sustainability, 
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an early diagnosis can lead to preventive 

treatment which serves as an advantage 

for the patient and environment as no 

detrimental impact is caused on either 

factor. Fewer materials are used, and 

the patients’ health is preserved.  
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