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| case report

A 43 year old male patient, with no relevant
medical history, presenting prosthetic fixed
rehabilitation with intraradicular posts and metal-
ceramic crowns from upper right first molar (16)
to upper left first molar (26), came to the office
due to recurrent infections and fistulas in his
anterosuperior teeth and upper left posterior
area. The patient asked for the possibility of
preserving his teeth, as the treatment previously
proposed to him consisted on the removal of all
the teeth followed by the placement of implants.
The patient provides orthopantogramography
(OPQ) (Fig. 1). Periapical radiographs were taken
(Fig. 2 and 3) together with clinical examination

Fig. 1: Orthopantomography provided by the patient at the first visit.

including periodontal exploration of the affected
teeth, without observing increased probing
depths that could indicate endoperiodontal
lesions.

To confirm the endodontic origin and the size
of the lesions, tomographic explorations were
made (voxel size: 75 microns) using CBCT
CS8100 (Carestream Dental®), which revealed
radiolucent periapical lesions on upper right
lateral incisor (12), upper right central incisor
(11), upper left central incisor (21) with bicortical
deffect, upper left second premolar (25) and
vestibular roots of 26 (Fig. 4 to 8).

Fig. 3: Upper left second
premolar and first molar preo-
perative periapical radiograph.

Fig. 2: Upper incisors

preoperative periapical

radiograph.

Fig. 4: Upper right lateral incisor preopera-
tive CBCT image.

tive CBCT image.

Fig. 7: Upper left second premolar and first molar preoperative
CBCT image.

Fig. 5: Upper right central incisor preopera-

Fig. 6: Upper left central incisor preope-
rative CBCT image. Note the bicortical
extension of the lesion and its relation with
the nasopalatal canal.

Fig. 8: Upper left first molar preoperative CBCT image. Note subob-
turation at mesiobuccal and distobuccal canals.
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Biodentine™
Biodentine can be used both in the crown and in the root:

In the crown: temporary enamel restoration, permanent dentin restoration, deep or large carious lesions,
deep cervical or radicular lesions, pulp capping, pulpotomy (reversible and irreversible pulpitis).

In the root: root and furcation perforations, internal/external resorptions, apexification, retrograde surgical
filling.

BioRoot™ RCS

Indications: Permanent root canal filling in combination with gutta-percha points in case of inflamed or
necrotic pulp.

Permanent root canal filling in combination with gutta-percha points following a retreatment procedure.
BioRoot™ RCS is suitable for use in single cone technique or cold lateral condensation.
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| Abstract

Objective:  Apexification  represents an
alternative treatment option for the management
of immature permanent teeth with necrotic pulp.
The aim of the present study was to compare
clinical outcomes of MTA and Biodentine™ apical
plugs in apexification procedures.

Design: Twenty-six teeth with immature apices
and necrotic pulps from different patients were
selected for apexification treatment. In the first
appointment, after irrigation with 5.25% sodium
hypochlorite and EDTA, calcium hydroxide was
placed in the canal and then an IRM temporary
restoration. For the second appointment, the
patients were randomly divided in two groups
of 13 patients each: Teeth in Group 1 received
MTA apical plugs and those in Group 2 received
Biodentine™ apical plugs. The root canals were
obturated with gutta-percha and Sealapex
sealer. A composite resin was placed to seal
the coronal access. Follow-ups were done at

six, twelve and eighteen months; and treatment
outcomes were evaluated based on Strindberg’s
Criteria and the Periapical Index (PAI).

Results: From a total of 26 teeth, 6 were
excluded from the study for missing follow-up
appointments (4 treated with MTA and 2 with
Biodentine™). At the 6-month evaluation, Group
1 showed 55% success (Strindberg’s Criteria)
and 66.66% improvement based on the PAI.
Group 2 results were, 54.54% and 63.63%
respectively. At the 12-month follow-up, both
groups exhibited 100% success. Clinical and
radiographic outcomes were maintained at the
18-month evaluation.

Conclusion: Based on the resolution of apical
periodontitis and the absence of clinical signs
and symptoms, there was no difference between
the Biodentine™ and MTA apical plugs.



| Introduction

The apical foramen remains open in the roots of
immature teeth until apex closure, about three
years after tooth eruption (Sheehy and Roberts
1997). Open apex constitutes a challenge for
dentists because they can make it difficult to
successfully obturate with a three-dimensional
seal. Different techniques are used to improve
the probability of a good apical seal (Nayak and
Hassan 2014). One example is apexification, in
which calcium hydroxide pastes (Ca(OH),) are
used to induce formation of a calcified barrier.
However, this technique requires multiple
sessions and may weaken the tooth (Andreasen
et al. 2002).

The search for alternatives has led to conside-
ration of calcium silicate materials, which have
become commonin dental therapy (Huang 2009,
Shabahang et al. 1999). Among these materials
is Mineral Trioxide Aggregate (MTA), a mixture
of dicalcium silicate, tricalcium silicate, trical-
cium aluminate, plaster, tetracalcium alumino-
ferrite and bismuth oxide. Initially introduced in
the 1990s by Torabinejad, it exhibits biocom-
patibility and is now widely used (Shabahang
et al. 1999). Immediately after mixing, MTA has
a pH of 10.2, but this increases to 12.5 after
three hours (Wang 2015). The advent of MTA
led to advances in dentistry, such as the ability
to complete an apexification in a single session
(Simon et al. 2007). It is also used in retro-fil-
lings, root perforations and pulp caps, among
other applications (Lee et al.1993). Mineral
trioxide aggregate has some disadvantages,
including long setting time, difficult hand-
ling, discoloration, low resistance to compres-
sion and low fluidity capacity. Nonetheless, it
remains the gold standard among dental bioce-
ramics (Wang 2015, Laurent et al. 2012).
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Biodentine™ is a bioactive cement introduced
in 2009 by Septodont (Saint-Maur-des-Fossés,
France) as a “dentine substitute”. Product
presentation consists of a powdered portion
(in capsules) containing tricalcium silicate,
dicalcium silicate, calcium carbonate, calcium
oxide, and zirconium oxide, and a liquid portion
(in pipettes) containing a hydrosoluble polymer
and calcium chloride as an accelerator. Its
12-minute setting time is substantially shorter
than that of MTA (Vidal et al. 2016). Preparation
involves using an amalgamator to mix five drops
of liquid with the content of one capsule for
thirty seconds. During the first day after appli-
cation, Biodentine™ exhibits little or no crown
discoloration (Valles et al. 2015), and has an
initial pH of 11.7, with no significant changes for
28 days thereafter (Wang 2015). Biodentine™ is
also reported to have a high calcium ion release
rate, and excellent resistance to compression
(Laurent et al. 2012). Flow cytometry analyses
have shown that cell viability is higher in
Biodentine™ and MTA extracts than in a glass
ionomer (Zanini et al. 2012). There are also
reports of osteoblast differentiation in different
stem cells with Biodentine™. The formation of
a homogeneous dentine bridge in pulp lesions
has been shown in Biodentine™ and MTA groups
(Rossi et al. 2014).

These qualities have led some to conclude
that Biodentine™ has maximized MTA’'s desi-
rable properties by improving treatment time
and material handling properties. The present
study objective was to compare the outcome
of Biodentine™ and MTA used as apical plugs in
teeth with an open apical foramen.
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| Materials and methods

Clinical diagnosis was made, and radiographs
were taken of open apex cases in patients who
visited the Endodontics Specialty Clinic of the
Autonomous University of Yucatan Faculty of
Dentistry (FOUADY). After a description of the
study, the patients were invited to participate
and provided an explanation of ethical consi-
derations. Those who decided to participate
signed an informed consent form approved
by the ethical committee. Inclusion criteria
were patient consent (or of parents/guardians
for minors) and presence of an open apex,
while exclusion criteria were an after-treatment
crown or root fracture and a missing a follow-up
appointment. Cases of teeth with vital pulp
were treated with apexogenesis while those
with necrotic pulp were evaluated to deter-
mine if regenerative endodontics or an apical
plug were most appropriate. The decision of
whether to use regenerative endodontics or an
apical plug was made based on the grade of
apical foramen aperture according to Cvek’s
established criteria (Cvek 1992). Grade 1 cases
were treated with regenerative endodontics
while Grade 2, 3 and 4 cases were treated with
an apical plug.

Cases meeting the criteria for an apical plug
were randomly divided into two groups: Group 1
were treated with MTA plugs; and Group 2 with
Biodentine™ plugs. Procedures were done under
magnification (Omnipico Dental Microscope,
Carl Zeiss, Gottingen, Germany).

2.1 MTA apical plug (Group 1)

In the first session, anesthesia was adminis-
tered, the tooth was isolated and a #6 carbide
bur was used to access and open the chamber.
Once the canals were identified and the root
canal length established, the canal was irrigated
with 5.25% sodium hypochlorite and 17% EDTA
(Smear Clear, Sybron Endo, Orange, CA), and
then with saline solution for intermediate and
final cleaning. The canals were then filled with

Ca(OH),, and a temporary filling of zinc oxide
and eugenol cement (IRM; Dentsply, Konstanz,
Germany) put in place. At the second session
the Ca(OH), was removed, and the canals care-
fully washed with 5.25% sodium hypochlorite
(NaOCl) followed by saline solution. Collacote
(Zimmer Dental Inc., Carlsbad, CA, USA) was
then placed in the apical third of the canal, to
a depth 1 mm short of original canal length. An
average of 3 to 5 mm apical plug was then made
with MTA (MTA-Angelus, Londrina, PR, Brazil),
and placed in the canal followed by a moist
sterile cotton pellet to promote set. A temporary
zinc oxide and eugenol cement filling was put in
place. On the third session, the cap and cotton
were removed, and MTA set confirmed. The
root filling was completed with gutta-percha
and Sealapex cement (Sybron-Kerr, Romulus,
MI, USA) and the access sealed with a compo-
site resin filling (Tetric Ceram, Vivadent).

2.2 Biodentine™ apical plug
(Group 2)

This treatment required only two sessions. In
the first, the chamber was opened, the canals
located and opened, and cleaned as described
in the above protocol. Again, Ca(OH), was
placed in the canals and a temporary filling
made of zinc oxide and eugenol cement. In the
second session the Ca(OH), was removed, the
canals carefully cleaned with 5.25% NaOCI and
saline solution, the canals checked, and a resor-
bable collagen sponge placed in the apical third
1 mm short of original canal length. Biodentine™
was then prepared by using an amalgamator to
mix six drops of liquid with the contents of one
capsule for 30 seconds. About 3 to 5 mm. of this
preparation were placed in the apical third and
its correct placement confirmed with a radio-
graph. Once Biodentine™ set was confirmed,
the root filling was completed with gutta-percha
and Sealapex cement, and the crown sealed
with a composite resin filling.



After apical plug placement, the patients in both
groups were reminded of the importance of
the follow-up appointments at six, twelve and
eighteen months to confirm treatment progress
both clinically and via radiographs.

| Results

A total of 39 open apex teeth were examined.
Five (12.82%) had vital pulp and were treated
with apexogenesis; eight (20.51%) met the
criteria for regenerative endodontics and 26
(66.66%) met the study inclusion criteria and
were treated with an apical plug. Of the latter,
fifteen patients were women and eleven were
men. Thirteen of the apical plug cases were
treated with MTA (Group 1) and thirteen with
Biodentine™ (Group 2). Not all patients came to
all the follow-up appointments, six of them were
eliminated (four in Group 1 and 2 in Group 2)
(Table 1 and 2).

Table 1. Group 1, MTA apical plugs

6 months

Initial
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2.3 Follow-up appointments

At each follow-up appointment the teeth were
evaluated clinically and radiographically based on
the Strindberg’s Criteria and the Periapical Index
(PAI) (Qrstavik et al. 1986). All evaluations were
done by two endodontists trained in these criteria.

Progress was generally parallel in all groups.
At six months, 55% of those in Group 1 had
successful outcomes based on the Strindberg’s
Criteria and 66.66% exhibited improvement in
radiographs according to the PAI In Group 2,
54.54% had successful outcomes and 63.63%
exhibited improvement. By twelve months
both groups had 100% successful outcomes
and favorable PAIl values. The same was true
at eighteen months, however, 81.81% of the
Biodentine™ group showed a two-level reduction
of the PAI, while in the MTA group only 44.44%
reduced two PAl levels (Table 1 and 2).

12 months 18 Months Final

Case No. |  Sex Age Tooth Finaiﬁl\rlli tial
PAI | Strindberg | PAI | Strindberg Strindberg | PAl | Strindberg | PAI | Strindberg
1 F 7 19 5 Failure 3 | Success | 3 | Success 3 | Success -2
2 M 10 29 5 Failure 4 | Doubtful | 3 | Success | 2 | Success | 2 | Success -3
3 F 10 19 5 Failure 3 | Success| 3 | Success | 2 | Success | 2 | Success -3
4 M 1 30 4 Failure 4 | Doubtful | 3 | Success 3 | Success -1
5 F 19 9 4 Failure 3 | Success | 2 | Success 2 | Success -2
6 F 12 31 4 Failure 4 | Doubtful | 3 | Success 3 | Success -1
7 M 10 9 5 Failure 3 | Success | 2 | Success | 2 | Success | 2 | Success -3
8 M 20 29 4 Failure 3 | Success | 3 | Success 3 | Success -1
9 F 16 9 4 Failure 4 | Doubtful | 3 | Success 3 | Success -1
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Table 2. Group 2, Biodentine™ apical plugs

Initial 6 months 12 months 18 Months Final PA
I : : : : : Final-Initial
PAI | Strindberg | PAI | Strindberg | PAI | Strindberg Strindberg Strindberg

1 M 13 8 5 Failure 4 Doubtful 3 Success 3 | Success | 2 Success -3
2 M 8 30 5 Failure 5 Doubtful 3 Success 2 | Success | 3 Success -2
3 F 20 8 5 Failure 4 Success 3 Success 2 | Success | 2 Success -3
4 F 20 9 4 Failure 4 Doubtful 2 Success 2 Success -2
5 F 12 13 4 Failure 2 Success 2 Success 2 Success -2
6 M 30 31 4 Failure 4 Doubtful 3 Success 3 Success -1
7 M 8 10 5 Failure 3 Success 3 Success 3 Success 3 Success -2
8 M 10 9 4 Failure 3 Success 3 Success 3 Success -1
9 F 16 8 4 Failure 3 Success 2 Success 2 Success -2
10 F 13 8 4 Failure 2 Success 2 Success 2 Success -2
11 F 12 11 5 Failure 5 Doubtful 3 Success 2 Success 2 Success -3
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| Discussion

Apexification is a method for inducing a calci-
fied apical barrier or an apical development
in an incompletely formed root in teeth with
necrotic pulp (Rafter 2005). This was traditio-
nally done using Ca(OH), placement inside the
canal until a calcified barrier was observed in
the apical sector. However, Shabahang found
that prolonged Ca(OH), use could weaken
tooth walls eventually leading to root frac-
ture (Shabahang 2013). Even in the 1980s, it
was clear that most apical periodontitis cases
required apical plugs to ensure a proper seal
and prevent bacterial filtration into the peria-
pical zone (Holland 1984). Introduction of MTA
in the 1990s opened the possibility of its use
in root canals, pulpotomies, pulp caps, and
apical plugs to induce apical barriers in imma-
ture permanent teeth (Torabinejad et al. 1997).

In 1999, Shabahang showed that MTA promotes
high pH and an antimicrobial environment,
thus inducing formation of a calcified barrier.

One study reported no differences between
the calcified barriers formed by MTA and
those formed by calcium hydroxide. However,
the time required for barrier formation was
much less with MTA (Shabahang et al. 1999).
Biodentine™ has been shown to induce diffe-
rentiation in odontoblastic cells, murine prolife-
ration in the pulp and biomineralization. It also
simulates collagen fibers and induces fibroblast
formation (Zanini et al. 2012) and is known to
have higher push-out bond strength than MTA
(Wang 2015).

No research has been done to date compa-
ring the performance of Biodentine™ to MTA in
apical plugs. The first report of Biodentine™ use
in apical plugs was in 2014 (Nayak and Hassan
2014), followed by another in 2016 (Vidal et al.
2016). Both reported favorable outcomes and
a notable decrease in the number of sessions
required for treatment since the filling can be
completed in one session with Biodentine™.



The present study is the first comparison of the
performance of MTA and Biodentine™ in apical
plugs. Clinical outcomes did not differ between
these two bioceramics with 100% improve-
ment in all cases, also the same happened
at a radiographic level. Both clearly promote

Biodentine™ apical plug group, tooth #11

Fig. 1a: Preop Tooth #11 Fig. 1b: Postop

MTA apical plug group, tooth #8
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complete wound healing in real world scena-
rios. However, Biodentine™ exhibited superior
performance in terms of ease of handling and
placement, and set time, which all contributed
to a shorter overall treatment time.

Fig. 1c: Recall 18 months

Fig. 2a: Preop Tooth #8 Fig. 2b: Postop

| Conclusion

Both MTA and Biodentine™ produced complete
treatment success in clinical and radiographic
terms. All patients were asymptomatic after
eighteen months and exhibited a clear increase
of a visible apical barrier in the radiographs.

Fig. 2c: Recall 18 months

However, Biodentine™ is easier to handle than
MTA and sets in twelve minutes, much less time
than MTA. This allows treatment completion in
fewer sessions, with consequent advantages to
both care providers and patients.

27



28

Septodont - Case Studies Collection - January 2022

Author:
Dr. Maria Monsreal-Peniche

Dr. Maria Monsreal-Peniche (DDS, ME 2016, Universidad Autbnoma de

B Yucatan) is clinical assistant professor at the Department of Endodontics of

@ the Universidad Autbnoma de Yucatan.

She has published scientific studies. Her current field research is in obturation
of root canals with open apices. She is recipient of some Awards, and she can
be reached at maribeth_peque17@hotmail.com

References

e Andreasen, J.O., Farik, B., Munksgaard E.C., 2002. Long-term calcium hydroxide as a root canal dressing
may increase risk of root fracture. Dent Traumatol. 18(3):134- 7.

e Cvek, M., 1992. Prognosis of luxated non-vital maxillary incisors treated with calcium hydroxide and filled
with gutta-percha. A retrospective clinical study. Endodod Dent Traumatol. 18(2), 45-55.

¢ Holland G.R., 1984. Periapical response to apical plugs of dentin and calcium hydroxide in ferret canines.
J Endod. 10(2), 71-4.

e Huang G.T., 2009. Apexification: the beginning of its end. Int Endod J. 42(10), 855-66.

e Laurent P, Camps J., About I., 2012. Biodentine™ induces TGF-b1 release from human pulp cells and
early dental pulp mineralization. Int Endod J. 45(5), 439-48.

¢ Lee S.J., Monsef M., Torabinejad M., 1993. Sealing ability of a mineral trioxide aggregate for repair of
lateral root perforations. J Endod. 19(11), 541-4.

e Nayak G., Hassan M.F., 2014. Biodentine™ a novel dentinal substitute for a single visit apexification. Rest
Dent Endond. 39(2), 120-125.

e Jrstavik D., Kerekes K., Eriksen H.M., 1986. The periapical index: A scoring system for radiographic
assessment of apieal periodontitis. Endod Dent Traumatol. 2(1), 20-34.

¢ Rafter M., 2005. Apexification: a review. Dent Traumatol. 21(1), 1-8.

¢ Rossi A., Bezerra L., Gaton-Hernandez P., Sousa-Neto M., Nelsin-Filho P., Bezerra R., Mussolino A., 2014.

Comparison of pulpal responses to pulpotomy and pulp capping with Biodentine™ and mineral trioxide
aggregate in dogs. J Endod. 40(9), 1362-9.

e Shabahang S., Torabinejad M., Boyne PP, Abedi H., McMillan P., 1999. A comparative study of root-end
induction using osteogenic protein-1, calcium hydroxide, and mineral trioxide aggregate in dogs. J Endod.
25(1), 1-5.

e Shabahang S., 2013. Treatment Options: Apexogenesis and Apexification. J Endod. 39(3 Suppl), S26-S9.

e Sheehy E.C., Roberts G.J., 1997. Use of calcium hydroxide for apical barrier formation and healing in non-
vital immature permanent teeth: a review. Br Dent J. 183(7), 241-6.

e Simon S., Rilliard F., Berdal A., Machtou P,, 2007. The use of mineral trioxide aggregate in one-visit
apexification treatment: a prospective study. Int Endod J. 40(3), 186-97.

¢ Torabinejad M., Pitt Ford T.R., McKendry D.J., Abedi H.R., Miller D.A., Kariyawasam S.P., 1997. Histologic
assessment of mineral trioxide aggregate as a root-end filling in monkeys. J Endod. 23(4), 225-8.

¢ Valles M., Roig M., Duran-Sindreu F., Martinez S., Mercadé M., 2015. Color stability of teeth restored with
Biodentine™: a 6-month in vitro study. J Endod. 41(7), 1157-60.

e Vidal K., Martin G., Lozano O., Salas M., Trigueros J., Aguilar G., 2016. Apical closure in apexification:
A review and case report of apexification treatment of an inmature permanent tooth with Biodentine™.
J Endod. 42(5), 730-4.

¢ Wang Z., (2015). Bioceramic materials in endodontics. Endod Top. 32(1), 3-30.

e Zanini M., Sautier J.M., Berdal A. Simon S., 2012. Biodentine™ induces immortalized murine pulp cell
differentiation into odontoblast-like cells and stimulates biomineralization. J Endod. 38(9), 1220-6.

Biodentine™
Biodentine can be used both in the crown and in the root:

In the crown: temporary enamel restoration, permanent dentin restoration, deep or large carious lesions,
deep cervical or radicular lesions, pulp capping, pulpotomy (reversible and irreversible pulpitis).

In the root: root and furcation perforations, internal/external resorptions, apexification, retrograde surgical
filling.



Biodentine™ Full Pulpotomy In
Mature Permanent Teeth with
Irreversible Pulpitis and Apical

Periodontitis

Dr. Xuan Vinh Tran and Dr. Lan Thi Quynh Ngo, Faculty of Odonto-Stomatology,
University of Medicine and Pharmacy at Ho Chi Minh City (UMP), Vietnam.

Prof. Tchilalo Boukpessi, UR 2496 Laboratory of Orofacial Pathologies, Imaging and
Biotherapies, School of Dentistry, Université de Paris, France. AP-HP Department of

Dental Medicine, Charles Foix Hospital, Ivry sur Seine, France
Original study: Tran XV, Ngo LTQ, Boukpessi T. Biodentine™ Full Pulpotomy in Mature Permanent Teeth with Irreversible Pulpitis and

Apical Periodontitis. Healthcare (Basel). 2021 Jun 12;9(6):720.

| Abstract

Vital pulp therapy, including direct pulp
capping and partial and full pulpotomy, is
primarily indicated for immature or mature
permanent teeth with reversible pulpitis.
Mature permanent teeth with irreversible
pulpitis are frequently treated with root canal
therapy. This report presents two cases of
full pulpotomy using Biodentine™ in mature
permanent teeth with irreversible pulpitis
and acute apical periodontitis. The periapical
radiograph illustrated a deep carious lesion
extended to the pulp with apical radiolucency
lesion or widened periodontal ligament space.
Full pulpotomy with a tricalcium silicate-based
cement was chosen as the definitive treatment.
After decayed tissue excavation under a rubber

dam, the exposed pulp tissue was amputated
to the level of the canal orifice with a new
sterile bur. Biodentine™ was applied as the pulp
capping agent after hemostasis was obtained
and for temporary restoration. The clinical signs
disappeared quickly after the treatment. After
one month, the coronal part of the temporary
restoration was removed, and a composite
resin was placed over the capping agent as a
final restoration. At two-year follow-ups, the
teeth were asymptomatic. Radiographs showed
healing of the periapical lesion and periodontal
ligament. Biodentine™ full pulpotomy of mature
permanent teeth with irreversible pulpitis and
apical periodontitis can be an alternative option
to root canal therapy.
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| Introduction

The maintenance of the vitality of the dental pulp
is one of the crucial targets of modern dentistry,
based on the concept of minimally invasive
dentistry. The dental pulp presents capacity for
repair, depending on the intensity of damage
and the pulp inflammation. Two regenerative
mechanisms, categorized as tertiary reactionary
and reparative dentinogenesis, are involved
in maintaining the vitality of the dentin—pulp
complex. In the case of a carious lesion with
relatively slow progression, the molecules
that initially reach the pulpal tissue are able to
induce dentin regeneration [1]. The dentin can
be regenerated as odontoblasts, which are
located on the periphery of the mature pulp and
solely responsible for dentin synthesis. These
can up-regulate their secretory activity and
produce a thick layer of reactionary dentin. This
layer shows many similarities to the primary
and secondary physiological dentins and
contributes to the protection of the pulp tissue.
Reactionary dentin synthesis is promoted by
small amounts of pro-inflammatory cytokines
and/or biologically active molecules responsible
for the induction of embryonic odontoblast
differentiation, such as TGF or BMP [2].
Reactionary dentin formation is inhibited by
intense inflammation [3]. In response to a
severe injury, such as a rapidly progressing
carious lesion, the primary odontoblasts die
beneath the lesion [4]. It is hypothesized that
bacterial toxins, components released from
the demineralized dentin, or local generation of
high levels of proinflammatory mediators, cause
this event. Subsequently, however, if conditions
become conducive (e.g., if the carious infection
is controlled or arrested), stem/progenitor cells
within the pulp are signaled to target the site of
the injury and to differentiate into odontoblast-
like cells. These cells deposit a tertiary reparative
dentin matrix, reportedly at a similar rate to that
of primary dentinogenesis, and this clinically
results in dentin bridge formation [5].

Vital pulp therapy (VPT), which includes direct
pulp capping and partial or full pulpotomy of

exposedpulpincariousteeth, hasbeengenerally
accepted as a minimally invasive approach [6,7].
Until recently, the indication of VPT had been
reversible pulpitis in immature or mature teeth
without periapical pathologies. Most cases of
closed-apex permanent teeth with irreversible
pulpitis are frequently treated with nonsurgical
root canal therapy (RCT). If periapical signs and
symptoms are added, RCT is the treatment of
choice [8,9]. In this procedure, there is loss of
dental hard tissue and subsequent weakening
of the treated tooth, making it more susceptible
to fracture [10]. Furthermore, several studies
have highlighted that the actual failure rate
of standard root canal treatments performed
in general practice is significantly higher than
expected [11-13]. Moreover, these treatments
are lengthy and costly, and are often subject
to retreatment [14]. Therefore, less invasive
alternative strategies could be used to treat
pulpitis, even when irreversible.

Many biological and clinical studies have
shown that the pulp of mature teeth, which is
exposed due to carious lesions, is able to be
regenerated, and that VPT should not be limited
only to young or asymptomatic teeth. Therefore,
a more conservative approach of VPT has been
proposed for teeth with irreversible pulpitis. A
favorable outcome of this approach depends on
two factors: the healing ability of the remaining
vital pulp and the biocompatibility of the pulp-
capping agents used [15-18].

Mineral trioxide aggregate (MTA) is the optimal
choice when VPT needs to be carried out in
closed apex teeth [19-21]. The ability of MTA to
induce reparative dentinogenesis has been well
demonstrated in animal studies in which direct
pulp-capping was performed in mechanically
exposed pulps [22,23]; compared with calcium
hydroxide, MTA induces dentin formation at
a greater rate and with a superior structural
quality [24]. However, many complaints have
been made regarding the difficulty of handling
and mixing MTA, the long setting time, and



tooth discoloration over time [25]. Several
new calcium silicate-based materials have
been developed [26,27], aiming to address the
disadvantages of MTA [28].

Biodentine™ (Septodont, Saint Maur des Fossés,
France) is among these materials, and is claimed
to be able to be used as a dentin replacement
material, in addition to having endodontic
indications similar to those of MTA. Biodentine™
is resin-free and mainly composed of pure
tricalcium silicate, which is able to set in wet
conditions [29]. Biodentine™ has been shown
to induce odontoblastic differentiation of dental

| Case 1

A 40-year-old female patient expressed her
chief complaint as her spontaneous and
lingering pain, pain on chewing in tooth number
45, starting one month previously. Clinical
examination recorded that the affected tooth
had a large carious lesion and sensitivity to
percussion. The periapical radiographiillustrated
a deep carious lesion involving the pulp and
an apical translucency lesion (Fig. 1). Based
on the clinical and radiographic examinations,
the diagnosis was established as symptomatic
irreversible pulpitis. The patient consented to
the full pulpotomy treatment plan.

The tooth was anaesthetized with 2% Lidocaine
Hydrochloride and Epinephrine 1:100,000

(Septodont, Saint-Maur-des-Fossés, France)
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pulp stem cells, and produce more uniform
and thicker dentin bridge formations, with less
inflammatory response and less necrosis of pulp
tissue than calcium hydroxide [23,30].

The role of vital pulp therapy in the management
of periodontal disease presenting in adult
permanent teeth with irreversible pulpitis is
controversial. The two cases below present the
outcome of full pulpotomy, using Biodentine™,
of permanent teeth with irreversible pulpitis
and periapical lesion/widened periodontal
ligament space.

before the placement of a rubber dam for
isolation. The operating site was disinfected
with gauze soaked in 5% sodium hypochlorite
(NaOCil). Decayed tissues were removed using
a sterilized high-speed round bur under water
coolant. Then, the exposed pulp tissue was
amputated by a sterilized high-speed round bur
to the level of the canal orifice. The bleeding
was arrested after about two minutes by gently
pressing a sterile cotton pellet soaked in 2.5%
sodium hypochlorite (NaOCI) into the chamber.
The cavity was then filled with freshly prepared
Biodentine™  (Septodont,  Saint-Maur-des-
Fossés, France) using an amalgam carrier, and
gently pressed with a condenser (Fig.2). The
patient was asked to return after one month
unless progressive pain occurred.

Fig. 1: Periapical radiographs: (a) preoperative; (b) after treatment; (c) 6 months postoperative; (d) 12 months postoperative.
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At the next appointment, the patient reported
thatmildpainoccurredonthefirstpost-treatment
day, but the pain was soon alleviated. Moreover,
vertical percussion inflcted no pain. The
superficial layer of Biodentine™ was removed,
leaving a layer of approximately 3 mm. The
tooth was finally restored with composite
resin (3M ESPE, St Paul, MN, USA). Clinical
and radiographic evaluation was completed

at 6 months and 1 year postoperatively (Fig.1).
The patient had no complaint about the
tooth, and negative responses to cold and
electric pulp tests, and periapical radiographs
showed no periapical lesion after 1 year. At a
6-month follow-up examination, gaps were
radiographically observed at the tooth-resin
composite interface, so the old filling was
replaced by an overlay composite restoration.

Fig. 2: Intraoral photographs: (a—c) access opening for pulpotomy procedure; (d) placement of Biodentine™; (e) composite resin restoration.

| Case 2

A 25-year-old female patient presented with
a main complaint of severe spontaneous and
lingering pain in tooth number 36, occurring
several times over the previous two weeks. Pain
was provoked by chewing or cold drinks. Clinical
examination recorded caries extending to the
pulp tissue, and the tooth was also sensitive to
vertical and horizontal percussion. Periapical
radiograph demonstrated widened periodontal
ligament space at the mesial root (Fig. 3). The
tooth was diagnosed with irreversible pulpitis.

After receiving the informed consent from the
patient, the same procedure as above was
applied. The coronal pulp was removed to
the level of the canal orifices. Bleeding was
confirmed from all root orifices. After hemostasis
was obtained, the pulp chamber was filled with

Fig. 3: Periapical radiographs: (a) preoperative; (b) after treatment; (

Biodentine™ as a capping agent and temporary
restorative material.

The patient reported mild pain on the operation
day, but the pain was reduced from the following
day. One month later, the patient did not feel
discomfort upon chewing, although vertical
percussion caused a slight pain. The superficial
layer of Biodentine™ was removed, then the
tooth was permanently restored with composite
resin. After 6 months, there was no sensitivity to
percussion and the periodontal ligament space
improved. A 24-month examination indicated
the periodontal ligament space had returned to
the normal state, the tooth had no symptoms,
and showed negative responses to cold and
electric pulp tests.

c) 6 months postoperative; (d) 24 months postoperative.



| Discussion

Until recently, the remedy for irreversible pulpitis
has been endodontic treatment. Non-surgical
endodontic treatment is considered to be an
invasive and non-biological treatment because
it removes the entire inflamed, infected,
and healthy pulp, thus losing its reparative/
regenerative potential, proprioceptive
properties, and innervation [31]. Therefore,
a more conservative approach with VPT has
been proposed for teeth with irreversible
pulpitis [15-18].

The successful outcome of both cases provides
additional clinical evidence of the effectiveness
of full pulpotomy in teeth with clinical signs and
symptoms of irreversible pulpitis with apical
periodontitis. Taha et al. (2017) reported that
the success rate of MTA pulpotomy in mature
permanent teeth presenting carious pulp
exposures was 100% at one-year follow-up,
and 92.7% after three years [20]. In another
prospective study on Biodentine™ involving
full pulpotomy in mature permanent teeth with
irreversible pulpitis, the authors found a high
clinical success rate after one year of close
to 100%, and a radiographic success of up
to 93.8% [32]. Cushley et al. (2019) evaluated
the clinical success rate of full pulpotomy in
permanent teeth with signs and symptoms
of irreversible pulpitis by a systematic review.
They found a success rate of full pulpotomy
of 97.4% clinically and 95.4% radiographically
at 12-month follow-up [33]. However, VPT for
mature permanent teeth with irreversible pulpitis
and periapical lesion remains controversial.

In the current case report, the adult patients
had spontaneous pain, lingering pain, and
percussion sensitivity, which have long been
clinical predictors of the irreversible stage of
the pulp [34]. Furthermore, radiographically,
these teeth presented a carious deep lesion
and apical lesion or widened periodontal
ligament space. In both cases, clinical signs
and symptoms improved one month after
Biodentine™ full pulpotomy. We also recorded
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complete radiographic healing. In the first case,
the apical radiolucency was improved after 6
months and completely healed after 12 months.
The periodontal ligament space in the second
case was in a normal state after 6 months.

The pulp tissue can remain vital, even in teeth
with the presence of periapical radiolucency;
this vital pulp tissue has the potential to recover
in the presence of an adequate material [35].
Periapical inflammatory responses are related
to the diffusion of bacterial products into the
periapical tissue, causing a complex interaction
of inflammatory mediators, cytokines, and
neuropeptides [35]. Studies have shown that
apical periodontitis can be associated with
irreversible pulpitis. The finding of apical
periodontitis in radiographic images does not
necessarily mean that the pulp is necrotic.
The inflamed vital dental pulp causes an
immunological response, which could lead to
local changes in peri-apical connective tissues
[17,36,37]. Hence, clinical signs and symptoms
of the patient do not reflect the actual extent of
inflammation in the pulp tissue. In addition, the
healing of teeth with irreversible pulpitis and a
peri-apical lesion following vital pulp therapy has
been demonstrated in few studies [11,18,32]. A
widened periodontal ligament via an infectious
pathway was reported in teeth with pulpitis,
pulpo-periapical lesions, or even vital pulps
with minimal hyperemic involvement [38,39].
However, the management of periodontal
ligament widening in the teeth with irreversible
pulpitis has rarely been mentioned in previous
studies.

Accurate clinical diagnosis is significant in VPT,
but it has been shown that clinical examination
gives only a temporary diagnosis that may be
incorrect [40,41]. The control of bleeding after
removal of the infected pulp tissue has been
suggested as an additional diagnostic indicator
for the evaluation of the degree of inflammation
and the healing potential of the remaining pulp
tissue [15,42]. The ability to control bleeding
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within 5-10 min suggests the presence of
mild to moderate inflamed pulp, which can
heal in a conducive environment [18]. In both
cases, bleeding occurred within 2 min, thus
indicating VPT.

In our case report, Biodentine™ was used as a
pulp capping agent. Our previous in vivo studies
demonstrated that Biodentine™ provides an
optimal environment for pulp healing, inducing
the formation of a homogeneous dentin bridge
at the injury site when applied directly to
mechanically exposed rat pulps. In fact, the
dentin matrix associated growth factors can
signal mesenchymal stem cells in the pulp to
differentiate into odontoblast-like cells and
produce a mineralized barrier in continuity with
the primary dentin protecting the underlying
vital pulp tissue [23,43].

A histological study found that the pulp tissue
a few millimeters from the necrotic pulp with
bacterial colonization is usually free from
inflammation and bacteria [41]. The radicular
pulp is rarely inflamed. Therefore, as soon as
the infected and inflamed tissue is removed
and an appropriate capping agent is applied, a
favorable environment for pulp wound healing
is created. In addition to its good sealing
properties, Biodentine™, like other cements in
the tricalcium silicate family, is able to control
pro-inflammatory factor secretion and decrease
inflammatory cell recruitment [44].

| Conclusions

Based on the perspective of bioactive material
and pulp biology, full pulpotomy inmature
permanent teeth with irreversible pulpitis, and
apical periodontitis or widened periodontal
ligament space might be considered as an

Long-term failure after vital pulp therapy and
endodontic treatment is mainly attributed to
micro-leakage at the coronal tooth-restoration
interface. Massler et al. (1978) demonstrated
that the most important cause of long-term
failure in vital pulp therapy is the presence
of leakage during the healing process [45].
Biodentine™ presented good sealing ability,
resisting micro-leakage [46], and its bond
strength when bonded to resin composite was
improved at a maturation time of 2 weeks [47].
Biodentine™ has been shown to improve setting
time, handling, and mechanical properties,
compared with MTA [48]. This cement can
be used successfully in dental clinics as a
restorative material for up to 6 months, and
as a dentin substitute under a composite for
posterior restoration [49].

Success assessment of VPT is based on
clinical and radiographic follow-up. The tooth
should be asymptomatic. The tooth with full
pulpotomy is expected to be unresponsive
to sensibility testing. However, it should be
positive to testing in the case of pulp capping
or partial pulpotomy. A negative response does
not indicate pulp necrosis. Success is defined
as the absence of symptoms and maintenance
of pulp vitality after at least 1 year [50].

alternative treatment to root canal treatment.
Longer-term study is needed to confirm the
future benefits of this treatment option.
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Biodentine™

Biodentine can be used both in the crown and in the root:

In the crown: temporary enamel restoration, permanent dentin restoration, deep or large carious lesions,
deep cervical or radicular lesions, pulp capping, pulpotomy (reversible and irreversible pulpitis).

In the root: root and furcation perforations, internal/external resorptions, apexification, retrograde surgical
filling.
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