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Abstract

Dens invaginatus (DI) is an unusual tooth anomaly, resulting from an infolding of the dental papilla during tooth develop-
ment. Root canal treatment of such teeth is challenging because of the difficulties associated with this type of malforma-
tion.

The purpose of this paper was to describe the management of Oehlers type Il DI in an immature upper right canine associ-
ated with a latero-apical lesion and a sinus tract and to demonstrate that cone beam computed tomography (CBCT) and
operator dental microscope are essential auxiliaries that help in avoiding errors in the diagnosis and treatment of such
teeth.

We also aimed to highlight a novel method of regenerative endodontic treatment (RET) for immature necrotic teeth using
Platelet-rich fibrin (PRF), a recently developed scaffold material, to overcome limitations associated with traditional endodontic
treatment using an apical plug.

Keywords: Cone-beam computed tomography, dens invaginatus, immature tooth, platelet-rich fibrin, regenerative endodon-
tic treatment

Introduction

Dens invaginatus (DI) is a developmental anomaly
resulting from an invagination of the enamel organ into
the dental papilla prior to the mineralization phase.[1]
Maxillary lateral incisors are the most commonly affect-
ed teeth,[2] followed by maxillary central incisors, pre-
molars, canines, and less often molars.[3]

Prevalence of DI varies depending on the invagina-
tion type. Type I is the most common, reaching a preva-
lence of 11.3%, while types II and III are uncommon,
accounting for 0.7% and 0.8% of cases, respectively,[4]
with a 3:1 female predilection.[1]

The purpose of this paper was to detail the manage-
ment of type II dens invaginatus in an immature
necrotic permanent tooth using the revascularization
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approach with platelet-rich fibrin (PRF) as a scaffold
material, and to discuss the clinical and radiological
outcomes of this technique.

Case Presentation

A 15-year-old girl presented with a complaint of a two-
month recurrent swelling and pus discharge in her
maxillary right anterior region. Her medical history was
non-contributory. Extra-oral examination revealed no
abnormality. Intra-oral examination showed a sinus
tract over the labial alveolar mucosa associated with the
right maxillary canine (Fig. 1). The tooth was tender to
vertical percussion with normal mobility. The crown
was free of caries or restorations, with an atypical mor-
phology, involving a big crown compared to the left
canine and a deep subgingival pit on the palatal aspect.
Periodontal probing was 3 mm all around the tooth.
Pulp sensibility testing did not yield any response.

Intra-oral periapical radiograph of the maxillary
right canine showed an invagination structure in the
cervical third of the root canal with a latero-apical
radiolucent lesion on the mesial aspect of the tooth
root, not extending to the apex. The tooth was imma-
ture with an open apex and a large root canal having
thin radicular walls (Fig. 2). Diagnosis of DI was made.
To confirm the type, a cone beam computed tomogra-
phy (CBCT) examination was carried out.

The axial and coronal sections of CBCT revealed an
abnormal crown morphology simulating the appear-
ance of a tooth inside the affected tooth (Figs. 3a, b).

Figure 1. Intraoral view: fistulated periapical abcess in relation

with the right maxillary canine

The sagittal section showed an abnormal root canal
morphology with single root apex at the end of the main
root canal and a latero-apical radiolucency (Fig. 3¢).

CBCT examination confirmed the diagnosis of type
IT invagination, extending from the crown to the cervi-
cal third of the root, with no apparent communication
with the main canal. Diagnosis of Oehler’s type II DI
with chronic apical periodontitis was made at the right
maxillary canine.

Endodontic treatment and microscopic removal of
DI were planned. The possibility of a revascularization
with PRF was also suggested to the patient’s parents.
Thus, parents were informed about the treatment pro-
tocol and written informed consent was obtained.

Following local anesthesia and rubber dam setting,
an endodontic access was performed. After pulp expo-
sition, the main root canal was slightly negotiated with
K files. Using dental operating microscope, the invagi-
nated structure was totally removed by a long-tapered

Figure 2. Periapical radiograph showing CL II Oehler’s dens

invaginatus and a latero-apical lesion




Bougatef et al. Management of a Type Il Dens Invaginatus

]
15 9 16
I

85

3
3

T,

0
|

5
>

-

Figure 4. Clinical view (a), Periapical radiograph (b), after odontoma elimination and working length determination (c), Over instrumen-

tation to induce bleeding (d)

bur with radiograph follow-up (Figs. 4a, b). The work-
ing length was determined using a periapical radio-
graph (Fig. 4¢).

The root canal was subsequently irrigated with 2.5%
sodium hypochlorite. Calcium hydroxide paste with
normal saline as a vehicle was placed into the canal for
two weeks with temporary coronal filling.

Due to the wide apical foramen (gauged at 60 mm
diameter) and especially to the thin radicular walls, the
tooth was very weak. Thus, after the patient’s and par-
ents’ confirmation, a decision was taken to attempt the
revascularization technique in order to provide apexo-
genesis and dentinal wall thickening.

At the two-week follow-up visit, the tooth was
asymptomatic, and the sinus tract was resolved.

The access cavity was reopened under rubber dam
isolation and the canal was copiously irrigated using
saline to remove calcium hydroxide medication.

In the final irrigation sequence, 17%
Ethylenediaminetetraacetic acid (EDTA) solution was
applied with well-adapted master gutta percha cone and
careful manual dynamic activation for 1 minute. Then,
neutralization with normal saline solution, and final
irrigation with sodium hypochlorite 2.5% activated
with the same dynamic manual technique were per-
formed. Finally, the canal space was dried with a paper
point.

Intentional over instrumentation (2-3 mm) was
conducted with K-files #20 to induce bleeding near the
apical foramen to a level below the cemento-enamel
junction (CEJ). Unfortunately, bleeding did not reach
the CEJ (Fig. 4d).

In the meantime, for the preparation of PRF, 5 ml of
blood was drawn intravenously from the patient’s fore-
arm (antecubital vein) using an 18-gauge needle and it
was collected in a sterile plastic vacuum tube without
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Figure 5. PRF preparation. Three layers obtained after centrifugation: platelet-poor plasma at the top (black arrow), platelet-rich fibrin in

middle (yellow arrow), and red blood cells at the base (red arrow) (a), Platelet-rich fibrin clot (b) Platelet-rich fibrin membrane obtained

after squeezing platelet-rich fibrin clot (c)

adding any anticoagulants. Then, the tube was immedi-
ately centrifuged in the hematology department under
3000 revolutions per minute for 15 minutes. After cen-
trifugation, three layers were formed in the tube (Fig. 5a):
1. Top layer: Platelet Poor Plasma (PPP) - acellular
straw-colored fluid

2. A middle layer: PRF clot

3. A bottom layer: Red Blood Cells (RBCs)

Sterile tweezers were inserted into the test tube to
remove the PRF clot (Fig. 5b). The PRF gel was pressed
inside the sterile dry gauze to squeeze out fluid, thus
obtaining a membrane (Fig. 5¢). The membrane was
cut into small fragments using a scalpel blade and it was
placed incrementally inside the canal using Machtou
plugger (Fig. 6a). Then, Biodentine (Septodont, Saint
Maur des Fosses, France) was placed directly over the
PRF membrane. The access cavity was also filled with
Biodentine and a periapical radiograph was taken to
control the postoperative result (Fig. 6b).

Figure 6. Platelet-rich fibrin membrane condensation in the root

canal (a) radiographic control after Biodentine filling (b)

After five days, the patient was recalled replacing a
3-mm coronal Biodentine with composite resin. The
patient was kept under observation and she was
recalled at one, three, six, nine, and twelve months to
evaluate the clinical and radiological evolution. At the
3-month follow-up visit, the tooth was asymptomatic.
Periapical radiograph showed total disappearance of
the latero-apical lesion (Fig. 7a). At the 8-month fol-
low-up, the tooth was still asymptomatic. Periapical
radiograph did not show any sign of radicular thick-
ening (Fig. 7b).

Discussion

The clinical significance of DI consists in the high risk
of oral bacterial contamination through the coronal

Figure 7. Periapical radiograph after three months showing late-

ro-apical lesion healing (a) after eight months (b)
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aspect of the invagination (pit), leading to infection of
the root canal system and to necrosis complication.[5]

According to Oehler’s classification, type II is charac-
terized by an invaginatus structure that invades the root
with no communication with the periodontal ligament,
but it remains confined as a blind sac, which may or may
not have communication with the dental pulp.[6]

Clinically, the crown of a DI can have normal or
unusual forms. It can have a conical, peg, or barrel-
shaped form. It can also present a greater buccal-lingual
dimension or a talon cusp. A deep foramen cecum
might be the most relevant coronal alteration of DI,
susceptible to caries.[7]

In our case, the maxillary right canine presented a
large mesio-distal dimension compared to the contra-
lateral tooth with a deep palatal pit. Treatment planning
of DI generally depends on the type of anomaly. To
determine the complexity of the anomaly, radiographs
at different angulations are well recommended.[8]

Radiographically, Oehler’s type II DI, as in our
case, shows a radiopaque invagination, equal in densi-
ty to the enamel, extending from the cingulum to the
root canal.[9] However, often, digital periapical radio-
graphs may not reveal the type and degree of the
invagination.[10] For this reason, the use of CBCT is
important for a more precise examination of the tooth
morphology and the root canals in all possible direc-
tions.[11] Indeed, it helps in the treatment planning
and execution.[12]

Whenever DI is diagnosed, restorative prophylactic
procedures, using adhesive materials to close commu-
nication with the oral environment, are recommended.
Invagination may also be lined with Calcium Hydroxide
to stimulate the formation of secondary dentin before
sealing.[13]

Regular follow-up and periodic evaluation are nec-
essary after prophylactic sealing of type II invagination.
[13] In our case, the tooth was asymptomatic for many
years. However, silent necrosis with a periapical com-
plication was finally revealed. The patient did not
receive any prophylactic treatment. In fact, late identifi-
cation of the invagination may lead to pulp necrosis and
periapical complication at an early age, mainly subse-
quent to the pulp contamination through the invagina-
tion space. These conditions have been reported to be
the circumstances of DI identification.[14]

Endodontic management of a tooth with Oehler’s
type II DI is a great challenge considering the canal
morphology and the complex anatomy due to the larger
extension of the invagination, which may influence the
root canal disinfection.[15,16]
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In addition, given the major complication consist-
ing in early pulp necrosis, an immature tooth with an
open apex and weak dentinal walls should often be
managed.[17] In the present case, diagnosis of chronic
apical periodontitis was confirmed in the immature
right maxillary canine. Following gauging, the wide
apical foramen was 60 mm in diameter. In addition,
periapical radiograph showed very thin root canal
walls.

Various clinical approaches have been described for
the management of Oehler’s type II DI, including
restorative procedures, nonsurgical endodontic treat-
ment, removal of the invaginatus structure, apexifica-
tion, pulp revascularization, endodontic surgery, inten-
tional replantation, or even tooth extraction.[5] The
surgical approach was reserved to orthograde endodon-
tic treatment failures.[18]

In case of type II DI, invagination generally occurs
in the pulp cavity and it is totally surrounded by the
pulp tissue. Thus, adequate cleaning of the main root
canal is complicated. Invagination is usually removed
during endodontic treatment to facilitate disinfection
and filling of the canal system. However, the removal
may compromise the tooth structure.[14,19]

Thanks to the technological advances in endodon-
tics, involving the use of specific ultrasonic tips, operat-
ing microscope and bioceramic cements, the clinician
can make a predictable conventional endodontic treat-
ment of type II DIL.[20]

In fact, the use of microscopy can help in defining
the access of the invagination and contribute to the sub-
sequent preparations.[20] In the reported case, we pro-
ceeded for the removal of the invaginatus structure
using a long-tapered bur under microscopic and radio-
graphic control.

During endodontic treatment, the clinician should
also be prudent. Indeed, minimal hand/rotary instru-
mentation is recommended in DI due to the lack of
need to shape the root canal system and the presence of
a risk to further weaken the tooth.[16]

Moreover, complete pulp space disinfection of DI is
mandatory to promote healing of the affected periapical
tissues. Sodium hypochlorite (5.25%) as an irrigation
solution and calcium hydroxide as an endodontic medi-
cation are recognized to be the gold standard to attain
this purpose.[21]

The revascularization success of immature teeth
with apical periodontitis depends on some success keys,
involving root canal disinfection, scaffold placement in
the canal for the growing tissues, and bacteria-tight
sealing of the access cavity.
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Root canal disinfection:

It is well-proven that maintaining a high level of disin-
fection during this regenerative procedure in necrotic
teeth is important to improve prognosis. In fact, residu-
al bacterial biofilm and their products have been found
to affect the differentiation capacity of the stem cells
from the apical papillae.[22]

The most common disinfection techniques are irri-
gation with sodium hypochlorite (NaOCl) and
chlorhexidine (CHX), followed by disinfection with
antimicrobial dressings, such as Ca(OH)2, or antibiotic
pastes, such as triple antibiotic paste (TAP).[23]

The disinfection effect of irrigation solutions and
antibiotics (NaOCI, chlorhexidine, antibiotic) is con-
centration-dependant.

However, clinically, lower concentration of various
endodontic medicaments and irrigation solutions is
recommended to maintain the survival of stem cells
from the apical papillae (SCAPs). High sodium hypo-
chlorite concentration (5.25 %) is incriminated in
inhibiting stem cell attachment to the dentin surface
and it could be cytoxic.[22]

Haapasolo et al recommend a final rinse with 0.12%
CHX in addition to NaOCl for the first appointment
because of CHX’s antimicrobial activity and its ability
to extend this activity through the interaction with den-
tin.[24] However, for others, it is recommended to
avoid it given that CHX has been reported to be cyto-
toxic to stem cells.[23]

Another irrigant has been suggested, EDTA (ethyl-
enediaminetetraacetic acid) is also suggested as an irrig-
ant. As a final solution, EDTA gentle irrigation is rec-
ommended to inhibit biofilm formation.[23]

Some authors have suggested that it reverses the del-
eterious effects of NaOCI.[25] Concerning inter-appoint-
ment medication, triple antibiotic paste (TAP), double
antibiotic paste (DAP), and calcium hydroxide Ca(OH)2
are the most reported in the literature. TAP, consisting of
minocycline, metronidazole and ciprofloxacin, is com-
monly applied during the regenerative procedures.[26]

Reports have shown that, when used as an inter-
appointment medication, this paste is effective against
many types of pathogens, especially those causing end-
odontic failures in addition to bacteria present in the
deep layers of root canal dentin.[26] However, minocy-
cline, as a constituent of TAP, is associated with dentin
staining and reduction in tooth fracture resistance.
[27,28] Therefore, attempts to eliminate it and to apply
DAP, consisting of ciprofloxacin and metronidazole,
has been performed. Another formulation suggests
replacing minocycline with amoxicillin or cefaclor as a
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modified TAP (mTAP).[29] It was proven in some
studies, that all antibiotic preparations are toxic to the
SCAP in a concentration-dependent manner.[30]

However, Ca(OH)2 does not have any toxic effect
on SCAP cells irrespective of the concentration in
which it is used. In contrast, it results in proliferation of
stem cells.[31]

It has unique properties, similar to EDTA solution,
consisting in exposing the extracellular matrix and pro-
moting the release of embedded bioactive molecules.
[30] In fact, EDTA solution, used as a final irrigation,
and water-based Ca(OH)2 formulation, have been
shown to release significant amounts of growth factors,
such as TGF-B that promotes osteogenic differentia-
tion.[32,33] Therefore, Ca (OH)2 has been suggested as
the first choice of endodontic medicament.[31]

For this reason, in our case, we proceeded to
improve disinfection with an inter-appointment medi-
cation based on Ca(OH)2 for two weeks.

Scaffold for Pulp Tissue Regeneration:

Many studies have proven that the use of an appropri-
ate scaffold is very essential to initiate differentiation
and growth of new cells from the periapical area.[26]
Apart from natural blood clot, various authors have
suggested different scaffolds, such as collagen, Platelet-
Rich-Plasma (PRP), PRF, synthetic polymers, and bio-
active ceramics for the revascularization process.[34]

The use of PRF as a scaffold material to induce root
growth in immature necrotic teeth is a new vista in the
regenerative world.[35] It has been suggested that PRF
is able to attract stem cells from the surrounding peri-
apical tissues and to cause both hard and soft tissues re-
growth.[36,37]

Among these cells, dental pulp cells present in the
apical papilla remain vital and may differentiate into
odontoblast-like cells under the influence of Hertwig's
epithelial root sheath.[38] In addition, it was proven
that regenerative endodontic treatments (RET) are very
successful against bacteria from the periapical region,
which helps in localized lesions healing, thus avoiding
the need for apical surgery.[39]

However, PRF has several disadvantages, such as
placement difficulty due to its jelly consistency. It may
require some special equipment.[26] In addition, extra
time to draw blood and centrifuge it prior to insertion
into the root canals is required.[40]

Sealing of the access cavity:
The significance of a good coronal restoration follow-
ing RET should not be overlooked. The access cavity



Bougatef et al. Management of a Type Il Dens Invaginatus

should be restored using a material that seals it against
bacteria.[34]

Mineral trioxide aggregate (MTA) is currently the
material of choice for achieving coronal sealing in
regenerative procedures thanks to its favorable physical
and biological properties.[41]

It is a hydrophilic bioceramic that could be set even
in the presence of blood. Once set, it is highly resistant
to bacterial penetration and it provides signaling mole-
cules for the growth of stem cells.[7] A minimum of 4
mm of MTA is necessary to ensure a good seal.[11,30]

The most common disadvantage of MTA is crown
discoloration in the esthetic zone. To minimize this side
effect, dentin bonding of the pulp chamber[16] or the
use of other bioceramic materials, such as Biodentine is
recommended.[30]

In our present case, Biodentine was used as a coro-
nal seal directly over PRF. We benefited from its high
mechanical properties to strengthen the crown which
was weakened after odontoma elimination.

Outcomes of revascularization therapy:
The revascularization therapy outcomes can be evalu-
ated at four levels:

1-Clinical evidence of periapical healing:

This includes the absence and/ or disappearance of
sensitivity to percussion or palpation and the absence of
sinus tracts and swelling.[23]

In this regard, the PRF regenerative technique is
able to promote growth factor release, thus creating a
continuous healing process.[42]

In the present case, the tooth was asymptomatic
during 8 months of follow-up with the disappearance of
the sinus tract after the first appointment.

2-Radiographic evidence of periapical healing and
root development:

This includes complete healing of the periapical
lesion, an increase in root length, an increase in root wall
thickness, and the formation of a radiographic apex.

However, these four conditions may not always be
achieved. In addition, they are not essential for the
treatment success.[43]

Peter’s finding suggests that periapical lesion heal-
ing response is 88.9% for blood clot revascularization
techniques and 100% for both PRP and PRF.[40]

In fact, it has been proven that PRF recruits cells to
the site of injury, induces cell differentiation, initiates
vascular ingrowth, stimulates collagen and protein syn-
thesis, controls local inflammatory process, increases
alkaline phosphatase activity, and consequently
improves soft and hard tissues healing.[18,44]
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In the present case, we report periapical healing in
only three months as observed in the periapical radio-
graph. According to previous studies, this could be
attributed to the sustained release of growth factors
from PRF (over a period of 7 to 14 days).[37] Immature
teeth can have very thin dentin walls. Once the thick-
ness exceeds 1.5mm, the tooth will have an improved
fracture resistance.[45]

In this regard, an essential requirement for this
regenerative therapy is to accomplish dentinal wall
thickening to strengthen immature teeth and to help
prevent fractures. Kahler et al suggested longer review
periods in regeneration cases because in their study,
continued root maturogenesis was observed in two cas-
es over a 36-month follow-up period.[46]

Some studies have concluded that the duration of
pulp necrosis is a very important factor for apexogene-
sis. A long period of necrotic tooth might destroy the
cells capable of pulp regeneration. Unfortunately, this
condition cannot be expected.[47]

In the worst conditions, asymptomatic teeth with-
out radiographic evidence of periapical healing and
root development may be left as space maintainers until
a suitable decision is taken.[23]

In their review, Conde et al found that the survival
rate in the revascularized group was 100% compared
to MTA plug (95%) and Ca(OH)2 apexification
(77.2%).[48]

To conclude, in a recent randomized clinical trial, a
comparison of the healing capacity between PRP, PRF,
and induced bleeding in the revascularization tech-
niques found that the three groups are comparable on
the level of lateral wall thickening, root lengthening,
and response to vitality testing.[2]

In the present case, neither wall thickening, nor api-
cal closure were found until the last follow-up visit (8
months). These results should be interpreted with cau-
tion due to the short follow-up periods. In fact, multiple
clinical studies of regenerative endodontic treatment
have reported a high success rate over a maximum fol-
low-up period of 12-19 months.[22]

3-A positive response to pulp vitality testing:

This indicates a high success level, and it means the
innervation of the root canal space.

The presence of sensitivity and positive response to
electric testing are suggestive of vital pulp-like tissue
formation with innate and adaptive immune defense
mechanisms.[49]

Negative responses to vitality testing may be attrib-
uted to the presence of a thick layer of MTA or
Biodentine and coronal restorative materials.[50]
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Doppler flowmetry is well-recommended for fol-
low-up in case of revascularization treatment.[51]

4-Histological evidence of dentin—pulp regeneration:

The findings include the ingrowth of cementum and
bone into the root canal space with deposition of
cementum without dentin for the narrowing of the root
canals and apices.[23] Another research showed that
the tissue found in the pulp space is more similar to the
periodontal ligament than to the pulp tissue.[37]

Furthermore, a fibrous non-mineralized connective
tissue with different degrees of inflammation and dys-
trophic calcifications was observed.[52] However,
regeneration of the dentin-pulp complex within the
root canals was not revealed.[23]

Advantages over current treatment modalities:

1. Unlike calcium hydroxide-induced apexification,
obturation of the canal is not required.[53]

2. Ensures apexogenesis with continued root develop-
ment (root lengthening) and root strengthening
with deposition of new hard tissue, resulting in the
reinforcement of lateral dentinal walls and prevent-
ing tooth fracture.[54]

Limitations:

1. A revitalized tooth may be susceptible to further
pulp disease (calcification) and may require retreat-
ment which will be difficult.[55]

2. Revascularization is not the right treatment option if
post and core are required for the final restorative
step.

3. The concentration and composition of the cells
trapped in the PRF clot are unpredictable. This limi-
tation can be overcome by the use of platelet con-
centrates. PRP is an ideal scaffold for revasculariza-
tion.[56,57]

4. Patient’s compliance can be a problem as the treat-
ment can take from several months to years with
multiple clinical appointments.[30]

5. Even in successful cases, increased dentin wall thick-
ness occurs at the apical and the middle third and
not at the cervical one-third region, which is more
prone to fracture.[30]

Conclusion

DI is a developmental anomaly showing a wide range of
spectrum. The clinician should be aware of the presence
of this abnormality as it has the potential to cause
necrosis and apical inflammatory diseases. In fact, the
condition can be more complicated if we are faced with
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an immature permanent tooth with necrotic pulp. In
this regard, regenerative endodontic treatment and the
application of blood venous derivatives, such as PRF
can be indicated to benefit from their efficient regener-
ative potential.
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