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bstract
ens invaginatus is a developmental malformation of

eeth that most commonly affects permanent maxillary
ateral incisors. Presence of dens invaginatus in man-
ibular permanent teeth is relatively rare. The purpose
f this report is to describe the combined nonsurgical
nd surgical management of a mandibular lateral inci-
or associated with a rare type of dens invaginatus.
ulp involvement of the malformed tooth, periapical
bscess, and severe periodontal destruction were
bserved. The signs (sinus tracts) and symptoms
eased after completion of the treatment. Satisfac-
ory healing of the periradicular lesion was observed
t the 6-month and 2-year follow-up examinations. (J
ndod 2008;34:1255–1260)
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ens invaginatus is a rare developmental malformation of teeth resulting probably
from an anomalous infolding of the enamel organ into the dental papilla during

ooth development (1). Its prevalence varies significantly and ranges between 0.25%–
0% (2–10). However, the issue of the prevalence of dens invaginatus is very compli-
ated as a result of the differences of the relevant conducted studies in terms of their
esign, the examined sample size, and the diagnostic data used (1, 2).

Oehlers (11) was the first who described 3 different types of dens invaginatus
ccording to the depth of the invagination into the root. However, the more recent
lassification described by Schulze and Brand (12) is more detailed, illustrating a total
f 12 different cases of this anomaly. This classification reports 2 variations (A4, B4) in
hich the invagination starts laterally and near the incisal edge and continues attached

o the external outline of the affected tooth mesially or distally.
Dens invaginatus occurs most commonly in maxillary teeth, lateral incisors, ca-

ines, and less frequently in central incisors (13–19). When the malformation occurs
n maxillary lateral incisors, bilateral appearance is not uncommon (6). However, dens
nvaginatus in mandibular teeth (20 –23) and specifically in mandibular lateral incisors
ppears to be a rare condition. Up until now, only 3 clinical cases of this anomaly have
een described in the literature (21–23). The first 2 simply reported the cases, and the
hird described the endodontic treatment of a typical type III dens invaginatus.

The purpose of this report is to describe the combined nonsurgical and surgical
anagement of a mandibular lateral incisor associated with a rare type of dens invagi-

atus.

Case Report
A 30-year-old male patient with a noncontributory medical history was referred to

ur private clinic. The clinical and radiologic evaluation concerned the mandibular
ncisor region where the patient reported he felt repeated pressure. In addition, his
ensation on the teeth in the mandibular region was different from other teeth during
astication. The patient reported no history of trauma to the area.

The extraoral examination did not reveal any pathologic signs. During intraoral
xamination, it was noted that the crown of the right mandibular lateral incisor (tooth
26) was highly asymmetric, especially in the mesiodistal diameter (Fig. 1A). No caries
as detected on tooth #26 or on the other mandibular incisors. On the lingual surface
f tooth #26, a small pit was detected that extended to the mesial surface (Fig. 1B).
oderate swelling was noted in the buccal vestibule where the patient was slightly

ensitive to palpation. All mandibular incisors were moderately sensitive to percussion,
nd class 1 mobility was recorded for teeth #26 and 25. No other mobility was detected
n the adjacent teeth in the area. Two sinus tracts were detected labially; the first
etween teeth #26 and 25 and the second between teeth #23 and 22. Periodontal
xamination revealed deep periodontal pockets at the mesial surface of tooth #26 (11
m) as well as at the distal surface of tooth #25 (11 mm) and the buccal surfaces of

eeth #24 and 25 (10 mm).
Tooth #26 was nonresponsive to both cold and electric pulp testing, indicating a

iagnosis of pulp necrosis. Teeth #23, 24, and 25 had no response to cold testing but
ad delayed responses to electric pulp testing (70 –75/80), indicating that irreversible

ulpitis in an advanced stage had occurred. Also, electric pulp testing on teeth #22 and
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igure 1. (A) Buccal view of right mandibular lateral incisor. Note the fistula and the asymmetry of the crown. (B) Lingual view of right mandibular lateral incisor.
small pit is detected under magnification 8�. (C) Preoperative periapical radiograph. (D) A second periapical radiograph with 2 gutta-percha cones in place
howing the sinus tracts. (E) Postoperative radiograph.
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7 showed normal responses of the pulp. Clinical examination of the
urrounding teeth did not reveal any other clinical signs or symptoms.

The panoramic and periapical radiographs (Fig. 1C) revealed a
arge periapical radiolucency associated mainly with tooth #26 but also
ith the adjacent teeth #24 and 25. Regarding tooth #26, an unusual
orphology of the crown and the root was observed at the mesial

urface. An extensive radiopaque projection was observed attached to
he crown of the tooth and was probably lined by enamel, as could be
resumed by the radiopacity of its surface outline. This projection has
he appearance of an invagination attached to the outline surface of the
oot under the cementoenamel junction.

Additional periapical radiographs were exposed with 2 gutta-per-
ha cones in place to reveal the pathways of the 2 sinus tracts (Fig. 1D).
he first sinus tract was associated with the large periradicular lesion
etween teeth #26 and 25, whereas the second ended in the area be-
ween teeth #23 and 22. This radiograph made us suspect that the
eriradicular lesion was not limited to the area between teeth #26 and
5 but possibly extended to the radicular region of the left mandibular
anine (#22). Because of these clinical and radiographic findings, it
as decided to endodontically treat the 4 mandibular incisors in 1 visit
nd to schedule the surgical treatment at a subsequent appointment.

ndodontic Treatment
After administrating local anesthesia (1.7 mL Ubistesin forte, arti-

aine, 1:100,000 epinephrine) the 4 mandibular incisors were simul-
aneously isolated with a rubber dam. Access cavity preparations were
erformed by using Endo-Access diamond bur (Dentsply, Maillefer,
aillaigues, Switzerland). Access opening of tooth #26 was modified
ccording to the external morphology of the crown. Despite this, an
nterconnection between the main canal and the malformation or a
econd independent canal could not be detected under high magnifi-
ation of 19.2�. Initial investigation of the root canal system in all
ncisors was performed with a size 10 K-file (Dentsply, Maillefer). An
pex locator (Bingo 1020; Forum Technologies, Rishon Lezion, Israel)
as used to verify working lengths. All 4 canals were instrumented to a
aster apical size 35 by hand. Individual canal flaring was performed
ith HERO 642 (Micro-Mega, Rue du Tunnel, France) rotary nickel-

itanium no. size 30 0.06 taper files. During instrumentation, a total of
00 mL of 2.5% sodium hypochlorite was used for the irrigation of the
anals of the 4 mandibular incisors. After completion of the chemome-
hanical preparation, root canals were dried with sterile paper points.
ll the above procedures were performed under a dental operating
icroscope (Global, Protégé plus; Global Surgical Corporation, St

ouis, MO).
Obturation was performed with a System B heat source

SybronEndo Corporation, Orange, CA) by using fine-medium non-
tandardized gutta-percha cones and AH-26 sealer (Dentsply, De Trey,
mbH, Konstanz, Germany). Additional vertical condensation was per-

ormed by using finger pluggers of ISO size #40. The backfilling was
erformed with thermoplasticized gutta-percha from an Obtura II (Ob-
ura Spartan, Fenton, MO). A temporary filling (Cavit G; 3M ESPE,
eefeld, Germany) was placed, and a postoperative radiograph was
xposed to assess the quality of obturation in all 4 canals (Fig. 1E).

urgical Management
Two days after the completion of the treatment, the patient pre-

ented in our office without any clinical symptoms. A full-thickness
ucoperiosteal flap was raised under inferior alveolar block anesthesia

n the right mandibular region and local infiltration in the left anterior
andibular region (buccal and lingual). A large soft lesion was revealed

nvolving the roots and the apices of all mandibular incisors (Fig. 2A).

he lesion was then circumferentially separated from the bony crypt and e

OE — Volume 34, Number 10, October 2008 Man
eeth. The lesion was then removed, clearly revealing the malformation
nd its limits (Fig. 2B, C). A thin conical diamond bur was used to
ircumferentially remove the malformation as atraumatically as possi-
le. Both the periradicular lesion and the tooth fragment were fixed in
0% buffered formalin solution for histologic evaluation. The remaining
oot was then smoothed with diamond burs.

Two collagen membranes were placed around the bony defect and
tabilized by using titanium pins on the surrounding healthy bone. After
he placement of the membranes, the mucoperiosteal flap was sutured
n place, and a periapical radiograph was taken to confirm the accuracy
f the surgical manipulations (Fig. 2D). Healing was uneventful, and 6
onths postoperatively the patient was free of any signs and symptoms,

nd the teeth had been permanently restored. The clinical appearance
f the anterior mandibular area was acceptable (Fig. 3A). The radio-
raphic examination revealed that partial healing of the lesion had oc-
urred (Fig. 3B). The patient was recalled 2 years postoperatively for
linical and radiographic examination. At that time, the patient was
ymptom-free. The clinical appearance of the area was satisfactory (Fig.
C). The radiographic examination revealed that a great part of the

esion had been covered with healthy bone (Fig. 3D). No periodontal
ockets were detected in the area during the periodontal examination at

hat time.

istologic Evaluation
Both the lesion and the invagination process were paraffin-embed-

ed and processed for microscopic examination. Hematoxylin-eosin–
tained sections of the lesion showed fragments of inflammatory con-
ective tissue lined by nonkeratinized stratified squamous epithelium
ontaining many hyaline rings. The diagnosis was consistent with a perira-
icular cyst. Examination of the invagination revealed initially enamel as well
s dentin covered by cementum with an unusual “global” morphology and
eriodontal connective tissue. The presence of a lumen in the center of
entin was suggestive of the presence of a rudimentary pulp canal space that
as not evident clinically or radiographically (Fig. 3E).

Discussion
The etiology of dens invaginatus malformation is still controversial

nd remains unclear. Numerous theories have been suggested, includ-
ng altered tissue pressures, trauma, infection, or localized discrepan-
ies in cellular hyperplasia (1). However, the more significant issue
emains the correct diagnosis and subsequent proper management on
he basis of sound biologic and clinical principles (24).

The present clinical article describes the combined endodontic
nd surgical management of a mandibular lateral incisor associated
ith a rare type of dens invaginatus and a large periradicular lesion.
his type of management has been proposed in the literature in cases in
hich the chemomechanical preparation of conventional endodontic

herapy appears unable to remove all the irritants located inside the root
anal system with this aberrant morphology (25, 26). According to the
lassification made by Schulze and Brand (12), it seems that this mal-
ormation shows a broad spectrum of morphologic variations. This view
s confirmed by the presence of such anomalies as the present case in
hich the diagnosis is extremely difficult.

In such cases, an intercanal connection might exist between the
ain root canal and the invagination process (9). In the present case,

o communication was detected between the main canal and the mal-
ormation radiographically or clinically, even under high magnification.
his does not mean that there was not any connection between the pulp
anal cavity and the internal space of the malformation, even through
he dentinal tubules of the underlined dentin. The first possible strong

vidence of this was the presence of the lumen detected histologically

agement of Mandibular Lateral Incisor with Rare Type of Dens Invaginatus 1257
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nto the dentin part center of the malformed structure. The second
oncerns the pulp necrosis that occurred in a tooth with intact crown
nd without any caries detection.

During the surgical management of the present case, a barrier
embrane technique was used to obtain the best healing result. This
as done for 3 reasons. The first concerned the size of the lesion and the

ack of the buccal cortical plate in the area. The second was the pre-
ention of the invasion of competing nonosteogenic cells into the bony
efect from the overlying soft tissues. The third was correlated with the
ature of the lesion (endo-perio). Pulp necrosis of the involved tooth
#26) in combination with the location of the malformed structure had
rovoked a severe periodontal destruction in the area involving the

igure 2. (A) Clinical view of the lesion after the flap design has been reflected. (
nder magnification 3.2�. (C) The malformed structure under magnification
ther 3 mandibular incisors. s

258 Chaniotis et al.
The removal of the malformation exposed a small area of den-
in to the oral environment. This matter is of foremost clinical sig-
ificance. Flowable composite resin was applied to cover the ex-
osed dentin. Periodic examination and protection of the area are
ecessary in the future to prevent the contamination of the dentinal

ubules.
The majority of the described procedures were performed under

he operating microscope with a range of magnifications between 5.1–
2.8�. On the basis of the literature, the dental operating microscope

s considered to be a very useful device during the management of
ndodontic cases with aberrant anatomy (27). In this case, the micro-
cope helped primarily during the surgical removal of the malformed

e malformed structure attached to the mesial surface of the mandibular incisor
. (D) Periapical radiograph after completion of surgery.
B) Th
tructure. Inspection of the entire root surface was also performed

JOE — Volume 34, Number 10, October 2008



F
2
(

Case Report/Clinical Techniques

J

igure 3. (A) Clinical appearance of mandibular region 6 months after surgery. (B) Periapical radiograph 6 months after surgery. (C) Clinical appearance of the area
years after surgery. (D) Periapical recall radiograph 2 years after surgery. (E) Dentin-lined lumen suggesting the existence of rudimentary pulp canal space
hematoxylin-eosin stain; original magnification, �400).
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nder high magnification. Under these circumstances, the treatment
utcome can be predictable and successful.
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