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ABSTRACT

Background: Infection control is mandatory for revascularization procedures, enabling to eliminate
patient's clinical symptoms and signs. Despite presenting a complex morphology when compared to
anterior teeth, if a strict disinfection protocol is adopted and the revascularization procedure's biological
principles are followed, the therapy can be successful in molar teeth.

Methods: This case report aims to present a clinical case of successful revascularization in an immature
permanent necrotic second lower molar. Clinical decisions and explanations regarding possible
mechanisms related to the treatment's success in a tooth with complex morphology are discussed.
Results: Revascularization procedures were performed on a 12-year-old male patient diagnosed with
symptomatic periapical periodontitis in a tooth 37. The case highlights the need for infection control and
biological principles that surrounds the success of this therapy. Follow-up times presented in this case
were six months, 1, 2, 4 and 4.5-years, respectively. Continued root development was observed, and the
tooth remains intact and without symptoms.

Conclusion: The association of infection control and the biological principles of revascularization
procedures allow the maintenance and continuation of tooth development, even when these present
complex morphologies.
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the presence of stem cells, a scaffold, fibrous connective tissue and

INTRODUCTION

Revascularization in
Endodontics is described as a
biological procedure that follows

tissue engineering principles, based on

and growth factors.t?2  Although
initially introduced as an endodontic
regenerative procedure, it is well
established from histological studies

that the structures formed are mainly

cementum- or bone-like tissue, instead
of pulp-complex tissues.3->

Manly performed in immature
permanent teeth with necrotic pulp,
this procedure aims to promote the
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continued development of the root
length and thickness.6 These aspects
could increase the teeth fracture
resistance due to the deposition of
mineralized tissue in the root canal
when compared to the root canal filling
with gutta-percha and endodontic
sealer, apexification, and the use of
apical barriers.6-10

Moreover, it is also well
reported that
procedures have a high long-term
success rate®11 and, for these reasons,
it should be presented as the first
treatment option for immature
permanent teeth presenting pulp
necrosis,!? since if a failure occurs, this
procedure does not preclude other
treatment alternatives.

So far, there are several case

revascularization

reports of revascularization
procedures, with a long-term follow-
up, on anterior teeth and

premolars.10.13-16 However, only a few
studies have evaluated the long-term
outcome of such procedures in
molars.17 Although case reports do not
provide enough evidence to support a
treatment modality, it provides
significant insights for clinical practice
and can provide essential parameters
for future research.!® Therefore, this
study reports a case of
revascularization
permanent necrotic second lower
molar with 4.5-year of clinical and
radiographic follow-up.

in an immature

CASE REPORT

A 12-year-old male patient
was referred to a private endodontic
office at Santa Cruz do Sul, Rio Grande
do Sul, Brazil, in August 2016,
reporting spontaneous and continuous
pain, located on the posterior region of
the mandibular left side, without relief
when using analgesic medication.

No history of comorbidities or
dental trauma were reported by the
patient or his careers. No alterations
were during
During
examinations, it was verified the left

verified extraoral

examinations. intraoral
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Figure 1. A) Initial
periapical
radiograph
evidencing a carious
lesion contacting the
pulp chamber and a
radiolucent image
associated with an
incomplete root
development; B) 6-
month follow-up
periapical
radiograph revealing
absence of infection;
C) 1-year follow-up
periapical
radiograph; D) 2-
years follow-up
periapical
radiograph showing
a significant
thickening of the
root walls; E-F) 4-
years follow-up
evidencing complete
root formation and
absence of infection.

mandibular second molar (tooth 37)
partially erupted and presenting
coronal caries and gingival tissue
partially covering the tooth crown.
Tooth 37 had positive responses to
percussion and palpation and negative
responses to the pulp sensibility test
with cold spray and mobility. Also,
there was no presence of a sinus tract.
A digital periapical radiograph
(FIT - Digital Radiograph Sensor,
Micro Imagem; Indaiatuba, SP, Brazil)
with a radiographic positioner was
performed (Fig. 1). It was verified the
carious lesion contacting the pulp
chamber and a radiolucent periapical
image associated with incomplete root
development. The tooth was diagnosed
with symptomatic apical periodontitis.
After discussing with the patient and
his careers, revascularization was
selected as the treatment option, and
informed consent was obtained.

Treatment procedures
First visit

Inferior alveolar nerve block
was performed using a 27-gauge
needle (Injex - Industrias Cirurgicas
Ltda, Ourinhos, SP, Brazil) containing

1.8 mL of 2% lidocaine with 1: 100.000
epinephrine (Alphacaine - Nova DFL
Industria e Comércio S/A, Curicica, R],
Brazil). Plaque from the tooth surface
was removed with prophylactic paste
and rubber cups. Additional anesthesia
was performed in the surrounding
tissues, allowing the operator to cut the
gingival tissue covering the crown with
a sterile scalpel.

After that, the tooth was
isolated with a rubber dam and metal
clamp, and the crown/rubber dam
interface was sealed with a light-curing
gingival barrier (Top Dam - FGM,
Joinville, SC, Brazil) to avoid any
possible saliva contamination. The
operative field was disinfected with
30% hydrogen peroxide (H202) for 30
seconds.
removed, and an access cavity was
performed using a sterile high-speed
diamond bur and Endo Z bur (KG
Sorensen, Sdo Paulo, SP, Brazil) under
water-cooling. Completely necrotic
pulp tissue was visualized, confirming
the diagnosis.

Following the location of all
canals (mesiobuccal, mesiolingual, and
distal), 10 mL of 1% sodium

Carious tissues were
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ionomer cement

Figure 2. Clinical view of the patient’s mandibular teeth after

4-year of the treatment, evidencing discoloration of tooth 37.

§ £,

hypochlorite (NaOCl) were passively
irrigated using a syringe with a 30-
gauge NaviTip needle (Ultradent,
South Jordan, UT, USA) in each canal. A
periapical radiograph with a positioner
and the same vertical angulation as the
first (0°) was performed with a sterile
#15 K-file (Dentsply Maillefer,
Ballaigues, Switzerland) inserted in
each canal to establish the working
length. After establishing the working
length - 16mm for all canals -, another
10 mL of 1% NaOCl were irrigated in
each canal, and a sterile #80 K-file
(Dentsply Maillefer) was inserted and
gently brushed against the canal walls
to disrupt the biofilm without
removing dentinal tissue that could
weaken the canal walls. Following
biofilm disruption, 20 mL of sterile
saline solution was irrigated in each
canal to remove the chemical
compounds.

The canals were aspirated
with a microcannula (Capillary Tips,
Ultradent, South Jordan, UT, USA) and
a triple antibiotic paste (TAP -
metronidazole 500mg + cefaclor
500mg + ciprofloxacin 500mg and 1
mL of the anesthetic solution as a
vehicle) was inserted into the canals by
using a Lentulo-spiral (Dentsply
Maillefer, Ballaigues, Switzerland). A
sterile cotton pellet was placed in the
pulp chamber, and the tooth was
temporarily restored with a glass-

(Ionoseal - VOCO,
Cuxhaven, Germany).

Second visit

After 30 days, the
patient returned for the
continuation  of  the
procedures. The inferior
alveolar nerve block was
performed using a 27-
gauge needle (Injex)
containing 1.8 mL of 3%
mepivacaine without
vasoconstrictor (Mepisv -
Nova DFL Industria e
Comércio S/A, Curicica,
R], Brazil), disinfection
and isolation were performed as
previously described. The temporary
restoration was removed with a sterile
high-speed bur under water-cooling.
The triple antibiotic paste was
removed by irrigating 10 mL of 1%
NaOCl in each canal. After removal, 10
mL of 17% ethylenediamine tetra
acetic acid (EDTA - Farmacia Formula
& Acdo, Sdo Paulo, SP, Brazil) was
irrigated in each canal and retained for
5 min. Canals were aspirated with a
microcannula (Ultradent), and a pre-
bend sterile #40 K-file (Dentsply) was
inserted 2 mm past the working length
(18mm) and rotated to stimulate
bleeding and the formation of a blood
clot. When blood was verified filling
the middle third of the root canal, a
mineral trioxide aggregate (MTA -
Angelus, Londrina, PR, Brazil) barrier
was passively inserted and filled the
canal entrances. The restoration was
performed with glass-ionomer cement
(Tonoseal) and  Filtek  Z350XT
composite resin (3M ESPE, St Paul, MN,
USA).

Follow-up
The tooth was evaluated
regularly with clinical and

radiographic examinations (Fig. 1). At
6-month  follow-up, the patient
reported no symptoms. Clinically, the
pulp sensibility test with cold spray,

palpation, percussion, and mobility
were negative. A periapical radiograph
revealed an absence of infection but no
root formation. At 1-year follow-up,
the absence of symptoms was reported
by the patient. Clinical parameters
were negative, and a periapical
radiograph revealed a thickening of the
root walls, suggesting a continued root
formation.

At 2-year follow-up, no
symptoms were reported, and clinical
parameters were all negative. Once
again, a periapical radiograph was
taken and revealed no signs of
infection and significant thickening of
the root walls. At 4-year follow-up, no
symptoms were reported, clinical
parameters were all negative, but a
discoloration was observed in the
tooth crown (Fig. 2). Radiographically,
complete root development and
absence of infection were observed.

At 4.5-year follow up, no
symptoms were reported, clinical
parameters were all negative and a
cone-beam computed tomography
(CBCT) scan was taken (Fig. 3). CBCT
images were acquired using a Gendex
GXCB-500 unit (Gendex/Kavo Dental,
GmbH, Biberach, Germany), operating
at 120kV, 5 mA, 0.2mm voxel size, field
of view (FOV) of 776 x 776mm and
exposure time of 6 seconds. Images
were evaluated using OnDemand 3D
software (Cybermed, Irvine, CA, USA)
and adjusted to multiplanar views
according to the long axis of each root.
Image magnification, edge
enhancement, brightness and contrast
adjustments were used to allow a
better evaluation of the images.

It was verified complete root
development and bone healing, and
normality of the periodontal ligament
and lamina dura, confirming the
success of the therapy.

DISCUSSION

Revascularization procedures
were first introduced by Nygaard
Ostby!% and then improved by Iwaya et
al.20 and Banchs and Trope.” Since then,
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a growing number of studies have been
presenting high success rates related
to these procedures.611.21

Although
procedures follow principles of tissue
engineering,? the presence of infection
can present a significant challenge on
the treatment outcome since neither
tissue growth nor repair occurs in the
presence of infection. 2223 An infection

revascularization

could damage tissue-forming cells and
stem cells in the periapical tissues.z*
Also, by promoting an inflammatory
process, the infection can lead to the
presence of pro-inflammatory
cytokines, which may be able to inhibit
the stem cells differentiation potential
into tissue-committed somatic cells,
jeopardizing the treatment outcome.25-
27

The main challenge presented
in this case was that the
revascularization procedures
performed in a second mandibular
molar. It is well reported the varied
morphology presented by mandibular
molars,28-31 as well as the association

were

between complex morphologies and
bacterial maintenance on the
Furthermore,
few studies have shown endodontic
regenerative procedures
teeth. A retrospective study reported

treatment outcome.32

in molar
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Figure 3. Cone-
beam computed
tomography after
4.5-year of the
treatment. A-C)
Axial; D-F) sagittal;
G-I) coronal views of
the tooth, evidencing
complete root
development,
absence of infection,
and normality of the
periodontal ligament
and lamina dura.

only one molar tooth treated with
revascularization procedure and a
follow-up of 61-months.1?

In this case, a strict disinfection
protocol was adopted. NaOCI was used
in a lower concentration for being less
cytotoxic3334 and for presenting a
lower detrimental effect on dental pulp
stem cells (DPSCs)3* than at higher
concentrations. Also, a large volume of
NaOCl was used. Thus, even in lower
concentrations, the biofilm removal
and antimicrobial capacity of the
NaOCl were not affected,3> favoring
disinfection.

Although the
Association of Endodontists Clinical
Considerations for a Regenerative
Procedures3¢ does not recommend

American

mechanical instrumentation, in the
present case, a minimal debridement
was performed with a large diameter
manual file in order to disrupt biofilm
attached to the dentinal walls. This
procedure was performed because it
has been reported that the leading
cause of revascularization failure is
due to the presence of remaining
infection.2237.38 Also, a triple antibiotic
paste was placed as
dressing. In addition to presenting
excellent disinfection effectiveness, the
use of a combination of antibiotics may

intracanal

decrease the risk of developing
resistant bacterial strains due to the
different mechanisms of action of the
antibiotics.3940

In addition to presenting a
weak antimicrobial activity,** EDTA
plays an essential role as a mediator of
the  cellular  processes.  Many
biologically active growth factors
trapped in the dentin matrix during the
dentinogenesis, capable of promoting
the survival, proliferation, and
differentiation of DPSCs, are
solubilized by EDTA, increasing their
bioavailability.4243 Also, EDTA
prevents the deleterious effects of
NaOCl on stem cell survival and
differentiation3* and induces stem cell
migration, attachment to the dentin
surface, and
odontoblastic/osteoblastic
differentiation.*445

In necrotic cases of immature
teeth, it has been verified necrotic pulp
tissue colonized by bacterial biofilm
and alteration in the apical tissues,
such as highly reduced cellularity or
lack of cells in the apical papilla and
discontinuation or absence of the
Hertwig's epithelial root sheath
(HERS).#¢ It has been suggested that
these alterations could compromise
the completion of apexogenesis.*®
However, it has been suggested that
the combination of the stronger
immune defensive mechanism from
young patients and the increased pulp
blood circulation into the canal space
due to the wide-open apex of immature
teeth could effectively carry cellular
and molecular components of innate
and adaptive immune defense system
into this space, which could improve
the teeth resistance to carious
infection.*9.10

In this case, bleeding was
induced, and MTA was used as a
coronal barrier. Although it has been
reported that the use of platelet-rich
plasma (PRP) could provide results in
a shorter time than the induced
bleeding technique,*” it requires
drawing blood from the patient and
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biochemical processing, which cause
discomfort to the patient and increases
the cost of the procedure. Since the
follow-up period is still mandatory,
regardless of the technique used, the
induced bleeding technique seems to
be a better treatment alternative since
the techniques' success rates are
similar.*8 Although the use of a collagen
membrane is preconized, in this case,
MTA was passively inserted in direct
contact with blood. Since the use of a
collagen membrane does not influence
the treatment's success rate* but only
assures the positioning of the sealing
material, the use of this material was
not preconized in this case. The choice
for an MTA barrier is supported in the
literature>® due to the potential to
induce mineralization and
odontogenic/osteogenic
differentiation on human papilla stem
cells.

The crown discoloration is a
recurrent problem in revascularization
procedures and is often related to TAP
containing minocycline5! and MTA.52 In
this case, discoloration was only
verified at a 4-year follow-up. Since
minocycline was not used in the TAP
composition, the discoloration was
probably related to the MTA.5354
However, in this case, discoloration
was not a patient’s complaint, probably
because it occurred in a mandibular
posterior tooth, causing no esthetic
loss.

The revascularization
procedures' main advantages are the
possibility to control infection and
continue the root development, which
could increase the fracture resistance
of the tooth. Also, if failure occurs,
there is still the possibility to perform
a conventional root canal treatment.

CONCLUSION

This study reported a
successful case of revascularization on
a second lower molar. Despite
presenting greater morphological

complexities than anterior teeth, this
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should not be a factor that determines
the impossibility of performing such
procedures. The long-term follow-up
presented in this case, associated with
the clinical and radiographic success,
validates the above statement.
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