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ABSTRACT
Background. Dens invaginatus is a dental anomaly that can predispose the tooth to pulp and
periapical pathology.
Case Description. Different endodontists treated 6 maxillary incisors with dens invaginatus
associated with apical periodontitis. Cone-beam computed tomography was used to help with
diagnosis and treatment planning in most patients. Four patients received diagnoses of Oehlers type
II dens invaginatus and the other 2 as type III. In some patients with type II, the invagination had to
be perforated to permit access to the apical part of the true root canal. Both the true canal and the
invagination (pseudocanal) were treated in all cases using an antimicrobial regimen based on
chemomechanical preparation with sodium hypochlorite irrigation and supplementary disinfection
approaches. Calcium hydroxide medication was used in all but 1 case. The root canal and invagination were often ﬁlled using thermoplasticized gutta-percha techniques, sometimes using an apical
plug with a bioceramic material in teeth with large apical openings. All treated patients had
favorable clinical and radiographic outcomes.
Practical Implications. Regardless of the complex anatomic variations, common strategic therapeutic approaches were identiﬁed that might serve as recommendations for proper management of
teeth with dens invaginatus and apical periodontitis. These approaches include cone-beam
computed tomographic planning, aggressive disinfection using sodium hypochlorite ultrasonic or
sonic activation and calcium hydroxide intracanal medication, and thermoplasticized gutta-percha
obturation of both the root canal and invagination.
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ens invaginatus, or dens in dente, is a condition that usually looks like a tooth formed
within another tooth.1 This dental anomaly results from an invagination of the enamel
organ to the dental papilla during odontogenesis. Before dental eruption, the invagination
is ﬁlled with remnants of the dental papilla or the enamel cuticle. Once the tooth erupts, the
invagination becomes open to the oral cavity and may be ﬁlled with saliva, food remnants, and
bacteria.2
Dens invaginatus is one of the most common developmental dental anomalies.3 Its prevalence in
adult teeth varies according to the studied population and tooth type, ranging from 0.3% through
10%.3 Genetic factors related to ethnicity may be the reason for differences in prevalence, and
people of Asian ancestry usually have a higher frequency.4 Maxillary lateral incisors are affected
most frequently.5,6
Radiographically, the dens invaginatus is generally seen as a radiolucent invagination surrounded
by a radiopaque area (enamel) that may be limited to the tooth crown or extend through the root.
Cone-beam computed tomography (CBCT) is a valuable tool to evaluate dens invaginatus. CBCT
can identify the 3-dimensional relationship with the normal tooth anatomy and the root canal and
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help plan the best treatment strategy.1,7,8 In axial sections, the dens invaginatus can often be seen as
an invagination lined with a radiopaque enamel circle and, in many cases, partially surrounded by
the true root canal, which may assume a C-shape in cross-section, as it is “pushed” by the dens
invaginatus.
With this type of anomaly, the pulp is at risk of developing infection because oral bacteria can
penetrate and colonize the invagination and cause destruction of the enamel lining. If the enamel is
already absent, bacteria and their products can diffuse from the invagination through the dentin
tubules to reach the pulp. There are also instances of the invagination communicating directly with
the pulp.9-11 In response to bacterial colonization of the invagination, the pulp can eventually
become inﬂamed, necrotic, and infected.
Dens invaginatus in teeth with pulp necrosis and apical periodontitis can be challenging because
both can require treatment. Several case reports and reviews of dens invaginatus have been published,3,5,8,12-17 and different therapeutic considerations have been identiﬁed. It is important to
understand the different morphologic and pathologic complexities to approach each case individually. We describe a series of 6 cases of dens invaginatus that were treated successfully by different
clinicians with some common treatment protocols for this anomaly.
CASE SERIES
Six patients who received a diagnosis of dens invaginatus revealed by radiographs and conﬁrmed by
CBCT (in 5 cases) are described. The pulp and periapical diagnoses were based on chief symptoms
and signs, pulp and periapical tests, and radiographic and CBCT ﬁndings. Patient demographics,
preoperative data, and treatment outcomes are presented in the Table. All teeth were treated under
local anesthesia and using rubber dam isolation. Consent for treatment was obtained from the
parents of all patients included in this case series.
Case 1
A 10-year-old patient sought treatment for a sinus tract and purulent discharge on the palatal aspect
of tooth no. 10, which had a conical crown shape in mesioversion and enamel hypoplasia at the
buccal aspect. CBCT revealed the extension of the invagination beyond the cementoenamel
junction, consistent with Oehlers type II dens invaginatus. The tooth also exhibited incomplete
apical formation and periapical radiolucency (Figure 1).
An access cavity was prepared and an ultrasonic tip was used to join the canal and the invagination (Figure 1). After root canal preparation, supplementary disinfection steps were taken using
passive ultrasonic irrigation (PUI), followed by photodynamic therapy using 0.01% methylene blue.
Apical root formation was completed after 3 interappointment changes of calcium hydroxide
medication over 9 months. The apical part of the canal was ﬁlled with gray mineral trioxide
aggregate (MTA; Angelus) and a composite resin was used to ﬁll the most coronal portion. A 12month follow-up examination indicated complete healing of the apical periodontitis lesion
(Figure 1).
Case 2
A 14-year-old patient underwent an evaluation of tooth no. 7. This tooth had a conical crown, and
radiographic and CBCT images revealed an invagination that extended slightly beyond the
cementoenamel junction into the root (Oehlers type II dens invaginatus) and a large periapical
radiolucency (Figure 2).
Access was prepared through the incisal surface, attempting to bypass the invagination laterally.
The invagination was perforated and incorporated in the ﬁnal canal preparation shape. After root
canal preparation, supplementary intracanal disinfection procedures were carried out, as in case 1.
The root canal was obturated with the continuous wave of compaction technique after 1 month of
being medicated with calcium hydroxide. The tooth was restored, and the 42-month radiographic
follow-up indicated complete healing of the apical periodontitis lesion (Figure 2).
Case 3
A 12-year-old patient underwent an evaluation of tooth no. 10, which had a conical crown with
distoversion. Radiographic and CBCT images revealed a wide and short invagination extending
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ABBREVIATION KEY
CBCT: Cone-beam
computed
tomography.
NaOCl: Sodium hypochlorite.
NSET: Nonsurgical
endodontic
treatment.
pc: Percussion.
pp: Palpation.
pst: Pulp sensitivity tests.
PUI: Passive ultrasonic
irrigation.
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Table. Diagnosis and treatment outcomes of 6 teeth with dens invaginatus.
AFFECTED

TOOTH

OEHLERS DENS

AGE,

DENTAL

TOOTH

CROWN

INVAGINATUS

CLINICAL

CANAL

PERIRADICULAR

SEX

Y

HISTORY

NO.

MORPHOLOGY

TYPE

TESTS

CONDITION

DIAGNOSIS

1

Male

10

Sinus tract

10

Conical

II

pst*:
negative
pc†:
negative
pp‡:
negative

Necrosis

2

Male

14

Radiographic
ﬁnding

7

Conical

II

pst:
negative
pc:
positive

3

Female

12

Sinus tract{

10

Conical

II

4

Female

12

Radiographic
ﬁnding
Sinus tract

10

Normal

5

Female

13

Radiographic
ﬁnding

9

6

Female

8

Acute alveolar
abscess
(hospital
management)

7

CASE
NO.

ROOT

PERIRADICULAR
STATUS

FOLLOW-

TREATMENT

(OUTCOME)

UP, MO

Chronic apical
abscess

NSET§

Healed

12

Necrosis

Symptomatic
apical
periodontitis

NSET

Healed

42

pst:
negative
pc:
positive
pp:
positive

Necrosis

Asymptomatic
apical
periodontitis

NSET

Healing

6

II

pst:
negative
pc:
negative
pp:
negative

Necrosis

Chronic
apical
abscess

NSET

Healing

5

Asymmetric
macrodontia

III

pst:
negative
pc:
negative

Necrosis

Asymptomatic
apical
periodontitis

NSET

Healed

120

Peg-shaped

III

pst:
positive
pc:
positive
pp:
negative

Vital pulp

Asymptomatic
apical
periodontitis

NSET

Healing

6

* pst: Pulp sensitivity tests. † pc: Percussion. ‡ pp: Palpation. § NSET: Nonsurgical endodontic treatment. { Reported by the patient but not observed at clinical
examination.

Figure 1. Case 1. A. Clinical aspect. B. Access cavity including both the true root canal and the invagination. C. Initial radiographic image. D. Cone-beam
computed tomographic image. E. Radiographic image at the 12-month follow-up revealing that the apical periodontitis lesion has healed.
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Figure 2. Case 2. A. Initial radiographic image. B. Cone-beam computed tomographic image. C. Clinical aspect. D.
Access cavity including both the true root canal and the invagination. E. Cone-beam computed tomographic scan
showing the invagination lined with enamel. F. Radiographic image at the 42-month follow-up, revealing that the
apical periodontitis lesion has healed.

slightly beyond the cementoenamel junction (Oehlers type II dens invaginatus) (Figure 3). The
tooth was associated with apical periodontitis.
In the ﬁrst endodontic session, the canal was instrumented and a supplementary step with PUI
was conducted before calcium hydroxide medication was applied. In the second appointment, the
invagination was intentionally perforated with an ultrasonic tip, the apical canal enlarged, and
calcium hydroxide applied once again. Another change of medication was performed at the third
visit. The canal was obturated at the fourth visit using a thermomechanical compaction technique.
The tooth was restored, and the 6-month follow-up indicated that apical periodontitis was almost
completely healed (Figure 3).
Case 4
A 12-year-old patient sought treatment for a periapical lesion and a sinus tract associated with tooth
no. 10. Radiographic and CBCT images also revealed an invagination surrounded by a radiopaque
area that extended beyond the cementoenamel junction into the immature root (Oehlers type II
dens invaginatus) (Figure 4).
The endodontic treatment was performed in 3 visits. Conventional access was prepared, and the
terminus of the invagination was perforated intentionally with an ultrasonic tip. The apical segment
of the true canal was instrumented, and then a supplementary disinfection step was conducted using
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Figure 3. Case 3. A. Initial radiographic image. B. Cone-beam computed tomographic image. C. Clinical aspect.
D. Radiographic image at the 6-month follow-up showing almost complete healing of the apical periodontitis lesion.

sodium hypochlorite (NaOCl) agitation with an XP-endo Finisher (FKG Dentaire) for 1 minute,
followed by PUI with NaOCl and then 17% ethylenediaminetetraacetic acid for 1 minute each.
Calcium hydroxide was used as an intracanal medication. At the next visit, a Biodentine (Septodont) plug was placed apically and the canal was ﬁlled using the single-cone technique. The ﬁnal
restoration was placed, and the 5-month follow-up revealed healing of the apical periodontitis
lesion (Figure 4).
Case 5
A 13-year-old patient sought treatment for tooth no. 9. Radiographs revealed a dens invaginatus
displaced to the mesial aspect of the tooth parallel to the main canal. An extensive periapical
radiolucency associated with both tooth no. 9 and tooth no. 10 was observed. The tooth had an
asymmetric crown appearance (macrodontia) (Figure 5).
The endodontic treatment was provided in 3 visits. Access preparation was performed to include
both the true canal and the invagination. Exploration of the invagination revealed an apical exit
(Oehlers type III dens invaginatus). Both the true root canal and the invagination were instrumented and then medicated with calcium hydroxide for 3 months. Next, the true canal was
obturated using the lateral compaction technique, and the invagination was ﬁlled with ProRoot
MTA (Dentsply Sirona). The apical periodontitis lesion was healed at 10-year follow-up (Figure 5).
Case 6
An 8-year-old patient underwent an evaluation of tooth no. 7. One week before consultation, the
patient had been hospitalized because of an acute alveolar abscess, which was treated with intravenous antibiotics for 72 hours.
At consultation, the patient was asymptomatic. Intraoral examination revealed a peg-shaped
tooth that responded positively to sensitivity pulp tests. An invagination was radiographically
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Figure 4. Case 4. A. Initial radiographic image. B. Cone-beam computed tomographic image. C. Cone-beam
computed tomographic scan showing the invagination in cross-section lined with enamel. D. Clinical aspect. E.
Radiographic image at the 5-month follow-up revealing that the apical periodontitis lesion was in the healing process.

Figure 5. Case 5. A. Initial radiograph. B. Clinical aspect. C. Radiographic image at the 120-month follow-up showing
that the apical periodontitis lesion has healed.

detected on the mesial aspect of tooth no. 7, with the true root canal displaced to the distal side.
The invagination extended beyond the cementoenamel junction up to the coronal one-third and
continued to the apex as a pseudocanal (Oehlers type III dens invaginatus). The root canal assumed
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Figure 6. Case 6. A. Initial radiographic image. B. Cone-beam computed tomographic images. C. Clinical aspect.
D. Access cavity including both the true root canal and the invagination. E. Radiographic image at the 6-month followup showing substantial reduction of the apical periodontitis lesion.

a C-shape around the invagination, which was observed on CBCT scans. Apical periodontitis was
diagnosed (Figure 6).
The initial decision was to treat the invagination only, which was accessed through its opening at
the palatal aspect and negotiated to its apical terminus. Bleeding occurred during instrumentation of
the invagination, and the clinician suspected a communication with the true canal, exposing the
vital pulp tissue. Therefore, pulpectomy was performed in the true canal, which was also treated.
After preparation, a supplementary disinfection approach was conducted using agitation of NaOCl
and ethylenediaminetetraacetic acid with an ultrasonic device (EndoActivator; Dentsply Sirona).
The true canal was obturated using the continuous wave compaction technique and the invagination with the single-cone technique. At 6-month follow-up, the patient continued to be
asymptomatic and a substantial reduction of the apical periodontitis lesion was evident (Figure 6).
DISCUSSION
The 6 cases of dens invaginatus with pulp and periapical pathoses included 5 maxillary lateral
incisors and 1 maxillary central incisor, which is consistent with the reported higher prevalence of
this anomaly in lateral maxillary incisors.1,18,19 Clinical inspection revealed diverse tooth crown
morphologies. The opening of the invagination was always on the palatal side and usually narrow
and small, which can make it difﬁcult to detect during inspection, especially in the absence of
magniﬁcation and because of bacterial plaque or food debris accumulation. In these cases, the use of
an operating microscope and stains helped identify the invagination opening.
The invagination was either lateral or centered in relation to the true root canal. When it was at
the center of the tooth, the true root canal assumed a C-shape surrounding most of the invagination
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perimeter up to some extent in the root, as observed in CBCT axial scans and often conﬁrmed after
preparation of the access cavity.
All of the dens invaginatus cases were associated with apical periodontitis. The true canals in 5 of
the 6 cases were necrotic. In cases like these, both the true canal and the invagination require
treatment. Because there was no other apparent cause of pulp necrosis, bacterial colonization of the
invagination was likely to be responsible for the pulp pathology leading to infection and development of periapical inﬂammation. Ideally, the root canal and invagination should be treated
separately to avoid unnecessary removal of tooth structure. However, this is not always possible, and
the operator may decide to join the canal and the invagination to establish or improve access to the
apical portion of the infected canal system.
Four of the cases we reported were classiﬁed as Oehlers type II dens invaginatus and the other 2
cases were Oehlers type III dens invaginatus. Both of these types require a more complex therapeutic
approach than Oehlers type I dens invaginatus and the decision-making process is not usually
straightforward because there are no established treatment guidelines. In Oehlers type II dens
invaginatus, the invagination ends in a blind sac and extends through the root without communicating with the periapical tissues. It should be approached as another root canal, but its internal
anatomic irregularities can make it difﬁcult to clean and disinfect properly. Oehlers type III dens
invaginatus ﬁnishes at the periodontal ligament laterally (subtype IIIa) or apically (subtype IIIb).
These cases are conceivably the most difﬁcult ones to manage because bacteria colonizing the
invagination have direct access to the periapical tissues to cause apical or lateral periodontitis.
One tooth with the invagination reaching the periapical tissues (Oehlers type III dens invaginatus) had a vital pulp. In this case, bacteria colonizing the invagination caused the periapical
inﬂammation. There would be no need to treat the root canal in such cases because the pulp is vital
and not infected.1,8 However, during chemomechanical preparation of the invagination, a
communication with the true canal containing vital pulp tissue was detected and the clinician
decided to treat the root canal as well.
In 3 of the cases of Oehlers type II dens invaginatus, the C-shaped true canal surrounding the
invagination was too narrow in its entire cross-section to permit successful negotiation with ﬁles to
its round and larger apical segment located ahead of the dens invaginatus. This limitation required
perforating the apical terminus of the invagination to access, clean, and disinfect the apical portion
of the true root canal.
Proper disinfection of the complex anatomy of the invagination may require supplementary steps,
such as NaOCl agitation using mechanical (for example, XP-endo Finisher or EndoActivator) or
ultrasonic (PUI) means.20 Photodynamic therapy was also used in 2 of our cases, although its
effectiveness in enhancing root canal disinfection still needs to be supported by means of clinical
studies.21 Another approach to improving disinfection is intracanal medication with calcium hydroxide,22-25 which was used in 5 of the 6 cases. Owing to the complex anatomy, thermoplasticized
gutta-percha techniques are recommended for obturation. Occurrence of a large apical foramen
associated with the true canal or invagination also required particular ﬁlling strategies, including
placement of an apical plug with a biocompatible bioceramic material.
CONCLUSIONS
The distinct anatomic features of every case of dens invagination we reported can make it difﬁcult to
establish any standardized treatment protocol. Therefore, patient-anatomyebased planning is essential
for success and requires good imaging. CBCT is a valuable tool for choosing the best treatment
approach.1,7,8 Although different and unrelated endodontists treated the reported cases, some common
approaches to successfully manage treatment of teeth with dens invaginatus were identiﬁed. These
approaches can help guide the clinician to manage this unusual and difﬁcult to treat condition. n
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