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Dens invaginatus is a developmental anomaly resulting from the infolding of enamel and dentin into
the dental pulp. Oehlers’ Type Illa dens invaginatus poses significant challenges due to its intricate
anatomy and frequent association with immature teeth. This case report outlines the nonsurgical
management of a nonvital immature maxillary central incisor with Type IIla dens invaginatus,
presenting with a chronic apical abscess and a history of trauma to the associated primary incisor.
Treatment involved thorough chemomechanical debridement followed by bio-obturation using
calcium-enriched mixture cement. Regular follow-ups revealed complete resolution of the periapical
lesion. This case underscores the importance of precise diagnosis, individualized treatment planning,
and the application of advanced biomaterials in addressing complex presentations of dens invaginatus.
The successful outcome emphasizes the efficacy of nonsurgical techniques in preserving immature teeth
while restoring function and aesthetics.

Keywords: Apexification; Calcium-enriched Mixture Cement; Cone-beam Computed Tomography; Dens
Invaginatus; Immature Tooth; Nonsurgical Endodontic Treatment

Introduction

raumatic injuries to primary teeth occur in ~24.2% of cases
globally [1]. Due to the close anatomical relationship between
primary teeth and developing permanent successors, such injuries
can significantly impact permanent dentition [2]. The extent of
damage depends on factors such as patient age, trauma type, root
resorption, and the developmental stage of the permanent tooth.
Severe injuries, including intrusion and avulsion, are most likely to
disrupt permanent tooth development, leading to delayed eruption,
enamel hypoplasia, discoloration, malformation, or odontoma-like
anomalies [3, 4]. Immediate management often focuses on
emergencies, but long-term follow-up with clinical and radiographic
evaluations is crucial to minimize damage to successor teeth [5, 6].
Dens invaginatus (DI), or dens in dent, is a common
anomaly caused by enamel organ invagination into the dental
papilla before mineralization. Its etiology includes trauma,
genetic factors, infection, and developmental changes. DI
prevalence ranges from 0.39% to 13.5%, most frequently
affecting upper lateral and central incisors [7-11]. Oehlers’
classification [12] categorizes DI into three types:

Type I: Invagination confined to the crown.

Type II: Invagination extends beyond the CEJ but doesn’t
communicate with the periodontal ligament (PDL).

Type III: Invagination extends apically into the root and
communicates with the PDL either laterally (IIIa) or through
the apical foramen (IIIb).

Clinical diagnosis of DI is based on crown morphology,
which can vary from normal to unusual forms such as an incisal
notch, labial groove, or exaggerated cingulum, and radiographic
findings. Cone-beam computed tomography (CBCT) is
particularly valuable for assessing the anomaly’s extent, root
canal anatomy, and associated lesions [13-16].

Treatment depends on the pulp status, root development,
and anomaly complexity. Undetected cases are prone to pulp
necrosis and apical periodontitis due to debris accumulation.

Management options include prophylactic restoration, vital
pulp therapies, regenerative endodontics, nonsurgical or
surgical root canal treatments, intentional replantation, or
extraction for necrotic cases [14, 17]. This report details the
nonsurgical endodontic treatment of an immature maxillary
central incisor with Type IIIa DI and a periapical lesion.
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Figure 1. A) Intrusion of primary right central incisor during early
childhood; B) Delayed eruption of a permanent right central incisor; C)
Erupted permanent right central incisor with an unusual morphology

Case Presentation

A 14-year-old boy was referred by an orthodontist to the
Endodontic Department of the Faculty of Dentistry of Tehran
Medical Sciences

complaining of suppuration from the gingiva of the right

Branch of Islamic Azad University,

maxillary central permanent incisor. His medical history was
non-contributory. There was a history of trauma to the primary
right central incisor at the age of five (Figure 1A), which did not
receive any treatment until it led to the delayed eruption of a
permanent successor (Figure 1B). Afterward, the patient
continued to be monitored by a pediatric dentist until his
maxillary right central incisor erupted with an unusual form
(Figure 1C). At the time of referral to the endodnotist, the
patient was under orthodontic treatment.

Extra-oral examination did not reveal any abnormalities.
During the intraoral examination, the maxillary left central incisor

exhibited an anatomical variation with no signs of caries or
restorations. A sinus tract was also found in the mucosa adjacent
to the tooth. (Figures 2A and 2B). Response to pulp sensibility
tests [electric pulp tester (Analytic Technology, Redmond, WA,
USA) and cold spray (1,1,1,2-tetrafluoroethane)] was negative.
The tooth was slightly sensitive to palpation and percussion.
There was grade II mobility. The probing depth in mesiobuccal
and mesiopalatal aspects was approximately six mm; in other
aspects of the tooth, it was 4 mm.

A #25 gutta-percha (Meta Biomed, Cheongju-si, Republic of
Korea) was used to trace the sinus tract, and radiography was
acquired. A periapical lesion was found in the area where the
gutta-percha was inserted (Figures 2C and 2D). The diagnosis
was pulp necrosis and chronic apical abscess. Upon evaluation
of the CBCT images, a type Illa dens invaginatus was identified,
with a pseudo canal extending into the root and associated with
the periapical lesion (Figures 2E and 2F). Main and pseudo
canals merged and communicated with the PDL, making a wide-
open apical foramen.

Treatment options, including regenerative endodontic
procedures, nonsurgical root canal treatment, surgical root canal
treatment, intentional replantation, and extraction, were
presented to the parents who assented to extraction. In
consultation with the orthodontic department, their treatment
plan was to save a tooth as long as possible or at least until he
became 18 years old and could replace it with an implant. The
recommended treatment option was regenerative endodontic
procedure due to the immature root development of the affected
tooth. Still, because of the uncertain nature, a higher number of
treatment appointments, and the probability of requiring
additional treatment, the definitive treatment plan, which was
approved, consisted of nonsurgical root canal therapy. The
patient’s parent signed the written informed consent form.

Local anesthesia administration was done using infiltration of
2% lidocaine with 1:80000 epinephrine (Darupakhsh, Tehran,
Iran). After tooth isolation with a rubber dam, a small round bur
(Jota, Riithi, Switzerland) was used to prepare two access cavities
to the main and pseudo canal (Figure 3A). The measuring of the
working length was done with an apex locator (Root ZX, J. Morita,
Kyoto, Japan) and confirmed radiographically (Figures 3B and
3C). Chemo-mechanical cleaning and shaping were performed
using NiTi rotary files (V-Taper Gold, FANTA, Shanghai,
China), conventional stainless steel hand K-files (Mani, Tochigi,
Japan), and Gates Glidden drills (Mani, Tochigi, Japan).
Disinfection was accomplished by rinsing with 5.25% sodium
hypochlorite (NaOCI) (Doradent, Tehran, Iran), and passive
ultrasonic irrigation (Ultra X, Eighteeth, Changzhou, China)
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Figure 2. A) Preoperative photograph indicating the sinus tract and
unusual anatomy; B) The exaggerated cingulum in the palatal aspect of
the right maxillary central incisor; C) Preoperative periapical
radiograph indicating invagination and associated periapical pathosis;
D) Periapical radiograph of tracing of the sinus tract; E) CBCT images
(axial sections); F) CBCT images (coronal sections)

was performed to improve its effectiveness. 17%
ethylenediaminetetraacetic acid (EDTA) (Doradent, Tehran,
Iran) was used for 1 min, followed by 30 sec of NaOCI irrigation
as the final irrigant to remove the smear layer. Subsequently, the
canals were irrigated with sterile saline and dried using paper
points (Meta Biomed, Cheongju-si, Republic of Korea).

Calcium-enriched mixture (CEM) cement (BioniqueDent,
Tehran, Iran) powder and liquid were mixed per the
manufacturer’s recommendations. The sterile amalgam carrier
was used to insert the mixture into the dried canals, e.g., bio-
obturation. An apical plug was placed by carefully adapting
CEM cement to the apical third of the root canal using pluggers
(FANTA, Shanghai, China). Correct placement of the plug was
assessed radiographically, and then the entire length of the canal
was filled with CEM cement. After about an hour, the setting of
CEM cement was confirmed. Finally, the composite resin (3M
ESPE, St Paul, MN, USA) was used to restore the access cavity
(Figures 3D and 3E).

One week later, the sinus tract diminished, and the soft
tissue was healed. After one month, the results of the palpation
and percussion, periodontal probing depth, and mobility were
Three
radiographic examination indicated the initial signs of healing,

normal. months following the treatment, the
so orthodontic forces were applied to the tooth (Figure 3F).
Radiographic assessment at the six-month follow-up revealed
significant healing of the periapical lesion (Figure 3G). At the
fifteen-month follow-up, cementogenesis and precipitate of
cementum were observed at the root end adjacent to the CEM

cement (Figure 3H).
Discussion

This case report demonstrates the successful nonsurgical
management of an immature maxillary central incisor with Type
IIIa dens invaginatus. Despite the high failure rate associated
with complex root canal anatomies, a CBCT-guided diagnosis,
adjunctive disinfection techniques, and bio-obturation with
calcium silicate cement achieved periapical healing and a
favorable long-term prognosis [18-21].

The primary dentition in children under the age of five is
susceptible to traumatic injuries, which can lead to unforeseen
adverse effects on the development of their permanent successor,
often becoming apparent only after eruption. Intrusion injuries to
primary teeth are commonly known to cause developmental
disturbances in developing permanent teeth. The development of
the tooth germ may be influenced by external forces, potentially
arising from trauma to the primary predecessor, leading to
the development of DI [6]. Regular clinical and radiographic
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assessments are crucial for connecting the trauma to primary
teeth and the subsequent developmental anomalies in their
permanent successors [5, 6]. In the present case, the identified
anomaly of the permanent maxillary right central incisor,
classified as Oehlers' type IIla dens invaginatus, is likely due to the
intrusion of its primary predecessor during early childhood.

Teeth with DI are characterized by structural defects such as
pits, which facilitate the colonization of microorganisms,
resulting in the progression of caries and pulp involvement. It is
common for pulp necrosis to develop within a few years of
eruption without significant symptoms and sometimes even
before root maturation. In most cases, DI is accidentally
detected in radiographs. Thus, early diagnosis and treatment are
necessary to prevent further pulp necrosis [22, 23]. In this case,
the patient was referred with a chronic apical abscess in an
immature tooth, although he was under orthodontic treatment,
and early referral could prevent such consequences.

According to the American Association of Endodontists and
the American Academy of Oral and Maxillofacial Radiology Joint
Position Statement, "Limited field of view CBCT should be
considered the imaging modality of choice for initial treatment of
teeth with dental anomalies" [24]. In the present case, CBCT has
been beneficial in diagnosis and treatment planning [25], by
revealing the type and extent of the anomaly, the anatomy of the
root canal system, and the size of the periapical lesion.

The treatment options for cases of necrotic pulp include
regenerative endodontic procedures, nonsurgical root canal
treatment, surgical root canal treatment, intentional replantation,
or even extraction [26-30]. The latter two options are only
recommended for hopeless cases that cannot be treated or for
cases with aesthetic or functional issues related to unusual crown
morphology and supernumerary teeth. The preferred initial
strategy should be nonsurgical treatment. Surgical treatment is the
second option and is only necessary if the conservative root canal
treatment fails or if the tooth has anatomical variations that make
nonsurgical treatment impossible [31]. Nonsurgical root canal
treatment in teeth with open apices is complicated due to
undesirable crown/root ratio, thin dentinal walls, and the absence
of an apical constriction. Apexification and apical plug are used in
these teeth. The use of calcium hydroxide for apexification has
been widespread for decades. However, it takes about 3 to 18
months, with the possibility of root canal system reinfection and
tooth fracture during this period. The apical plug has been
reported as an alternative that may decrease the number of
treatment appointments and expenses, although it does not

Figure 3. A) Access cavity preparation demonstrating two distinct canal
orifices; B) K-files in both canals; C) Intraoperative periapical radiograph
of length determination; D) Postoperative periapical radiograph
immediately after obturation; E) Postoperative photograph after

restoration and reshaping of the crown; F) Orthodontic forces were promote continued root development. The regenerative
applied to the tooth three months after treatment; G) Six-month follow-up endodontic procedure is a biologically based treatment that allows
periapical radiograph; H) Fifteen-month follow-up periapical radiograph  for the continuation of root development, unlike the apexification
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and apical plug techniques. Although it causes root development,
there are several drawbacks and unfavorable outcomes, such as
discoloration, poor root development, root canal calcification or
obliteration, and increased treatment appointments compared
with the apical plug technique [32]. In this case, the decision was
made to perform nonsurgical root canal treatment and place an
apical plug with the approval of the patient’s parents.

Ensuring complete disinfection of the root canal system is
essential for promoting the healing of periapical tissues. Oehlers’
type III DI presents a significant endodontic challenge due to the
complicated root canal anatomy. It is challenging to accurately
measure the working length, clean, shape, and fill the root canal
without apical constriction. Some areas may be inaccessible to
instruments, making it difficult to shape and clean an irregular root
canal system properly. Adjunctive irrigation techniques are
recommended to clean this complex root canal system effectively.
In the present case, we used copious NaOCl irrigation and passive
ultrasonic activation to maximize debridement and disinfection.
17% EDTA was used as a chelator to remove the smear layer.
Studies have demonstrated that these techniques effectively remove
additional bacteria and smear layers from the root canal [33, 34].

After completing the root canal preparation, the filling
procedure is commonly performed using gutta-percha. When the
root canal’s apical anatomy is unsuitable for conventional filling
methods and materials, mineral trioxide aggregate (MTA) could
be an alternative. MTA, a calcium silicate-based material,
promotes the formation of apical hard tissue and exhibits
exceptional biocompatibility and sealing ability [35]. MTA has
several drawbacks, including extended setting time, potential for
discoloration, high expense, and handling problems [36]. Some
efforts have addressed these drawbacks. Various calcium silicate-
based cements have been developed, including Biodentine, CEM
cement, Endosequence, Endocem MTA, and Bioaggregate. CEM
cement was utilized as the root canal filling material rather than
MTA in this casee. CEM cement possesses outstanding
biocompatibility, favorable sealing capability, bioactivity, good
handling properties, and a relatively shorter setting time (less than
an hour) [37-40]. We filled the entire canal length with CEM
cement because retention was unnecessary for restorative
purposes, and composite resin was used to fill the access cavity
below the CEJ after confirming the setting of CEM cement.
Calcium silicate-based cements can induce cementogenesis in the
periapical area [37]. In the present case, cementogenesis and
precipitation of cementum were observed during the fifteen-
month follow-up at the root end adjacent to the CEM cement.

There is conflicting evidence regarding the relationship
between orthodontic treatment and DI and the impact of
orthodontic tooth movement on periapical healing. It has been
suggested that DI may serve as a predisposing factor for root

resorption in patients undergoing orthodontic treatment.
According to a recent studies, orthodontic treatment did not
significantly impact the changes in the size of the periapical
radiolucency in root canal-treated teeth [22, 41, 42]. In this case,
orthodontic forces were applied to the tooth three months after
treatment once the initial signs of healing were observed.

Conclusion

Although a high rate of endodontic treatment failure has been
reported in dens invaginatus due to complex root canal
anatomy, with the aid of a cone-beam computed tomography-
based diagnosis and treatment plan, along with adjunctive
disinfection techniques and a three-dimensional seal with
calcium silicate-based cement, nonsurgical root canal treatment
of a type IIIa dens invaginatus in an immature maxillary central
incisor led to periapical healing and a good long-term prognosis.
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