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CASE REPORT

Controlled drug delivery system endodontic paste
as intracanal medication: a bench-to-chair-side

case report

ABSTRACT

Aim: To report a new endodontic paste as intracanal medication in an immature tooth with
acute periradicular abscess.
Summary: A 9-year-old male child presented to the School of Dentistry with spontaneous
moderate pain and swelling in the left permanent mandibular first molar region. Radiograph-
ic and intraoral clinical exams revealed previous endodontic treatment with an extensive
radiolucent area and incomplete rhizogenesis. The clinical diagnosis was acute periradicu-
lar abscess, leading to retreatment. After desobturation and chemical-mechanical prepa-
ration, the paste composed of tricalcium phosphate, calcium tungstate, amoxicillin micro-
spheres, and indomethacin nanocapsules was inserted into the root canal system. After 5
months, there were no patient-related symptoms, and an apical barrier has formed with
decreased periradicular radiolucent area was observed. The root canal filling and tooth
restoration were conducted. At the 1st follow-up - 6 months later - the patient remained
symptoms free, and the bone density was still increasing. At the one-year follow-up, there
were no clinical symptoms, and a regression of the radiographic lesion with a zone of a
hard tissue-like spicules aspect at the external tooth surface could be observed. The case’s
positive outcome reported a proof-of-concept of the new endodontic paste at the apexifica-
tion clinical situation.
Key Learning Points:
¢ The present case report showed promising healing results of an experimental material at a
molar apexification.
e The first clinical study that evaluated an endodontic paste with controlled drug delivery systems
as an intracanal medicament.
e The controlled drug delivery of amoxicillin microspheres and indomethacin nanocapsules
associated with a-TCP favored the healing process and the apical barrier formation.
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Introduction

mmature permanent teeth diagnosed
with pulp necrosis present interrupt-
ed root development and incomplete
apical closure. In these cases, end-
odontic treatment becomes a chal-
lenge due to the thin and fragile root canal
walls and the root apex width (1). Using
bioactive materials could promote an api-
cal barrier leading to proliferation and
differentiation of cells to achieve the root
apexification (2).
Over the years, calcium hydroxide paste
has been used as an intracanal medication
for mature and immature teeth due to its
antimicrobial effects, bioactivity, easy
resorption, and absence of foreign body

reaction (3). However, it presents some
shortcomings like limited anti-inflamma-
tory effect (3), low efficiency in reducing
postoperative pain (4), and not user-friend-
ly handling. Moreover, calcium hydroxide
paste needs to be changed from time to
time until the apical mineralized barrier
formation (5). Several new materials have
been studied to improve the outcomes of
immature permanent teeth treatments.
Changes in hydraulic cement’s composi-
tion, adding different inorganic com-
pounds, antimicrobial agents, and anti-in-
flammatory drugs are the most studied
modifications (6-8).

Materials presenting long-lasting antimi-
crobial, anti-inflammatory, and bioactive
effects with drug delivery systems have

Table 1

Timeline associated with case management

Month/Year Appts. Events

Clinical and radiographic
characteristics

UFRGS;

Dental and medical history;

Desobturation procedure;

(Fig. 2B).

Patient visited School of Dentistry of

Clinical and radiographic evaluation of

Chemical-mechanical preparation;

Intracanal endodontic paste insertion

Clinical: spontaneous moderate
pain, swelling, positive vertical/
horizontal percussion and palpation.

Radiographic: unsatisfactory
previous endodontic treatment with
voids and overfilling, incomplete
rhizogenesis and extensive
radiolucent area.

Clinical and radiographic evaluation

Clinical: symptoms free, apical

s ber/2019 o (Fig. 2C); barrier formation.
eptember, n - . .
Root canal filling (Fig. 2D); Radiographic: increase of bone
Tooth restoration. density.
ol | and rad o I Clinical: symptoms free.
. inical and radiographic evaluation
April/ 2020 1st follow-up (Fig. 2E). Radiographic: increase of bone
density.
Clinical: symptoms free.
October/2020 | 2nd follow-up Clinical and ra(ngiggg?:g)hic evaluation Radiographic: increase of bone

density and zone of hard tissue-like
spicules aspect.

Appts.=Appointments; UFRGS, Federal University of Rio Grande do Sul.
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Figure 1

PRICE 2020 flowchart
(Nagendrababu et al. 2019,
Nagendrababu et al. 2020)
showing the steps involved in
the case report. IOPA,
intraoral periapical
radiograph.

J ? A new paste for apexification

9-Year-old male child

Complaint of swelling and pain in mandibular left first molar

| |

Informed, valid consent for further investigation

Medical history: nil relevant

| |

Previous dental history: informed recent endodontic treatment

Tooth 36: sponteneous pain, swelling, positive percussion and palpation

| |

IOPA showed open apex with presence of periapical radiolucency and

overfilling

Differential Diagnosis: acute apical abscess or vertical root fracture

| |

Definitive Diagnosis: acute apical abscess

Managementoptions considered: non-surgical root canal retreatmentwith
apexification or rejeneraﬁve procedure

Writen informed, valid consent of treatment from patient

Interventions performed: non-surgical root canal retreatment with
apexification

Follow-up schedule: 6 and 12 months

Follow-up assesment methods: IOPA, percussion and palpation tests

| |

Treatment outcome: patient symptom free, radiographic evidence of resolution of

periapical radiolucency and apical barrier formation

Patient perspective: free of pain

| |

Conclusion: the new endodontic intracanal paste can induce periapical repair

and apexification

this work was supported by a grant from Coordenacao de Aperfeicoamento de
Pessoal de Nivel Superior - CAPES

Authors has stated explicity that there is no conflict of interest
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Figure 2

Intra oral periapical
radiographs of the case
report.

A) Pre-treatment, diagnosis
image; B) Intra-treatment,
endodontic paste insertion
evaluation;

C) Intra-treatment,
demonstrating the resorption
of endodontic paste at
second appointment;

D) Intra-treatment, final
radiograph after the root
canal filling; E) first follow-up;
F) secondo follow-up. Hard
tissue-like spicules aspect
(Arrows).

been proposed (9). Recently, an endodontic
paste with a-tricalcium phosphate (a-TCP),
calcium tungstate, amoxicillin micro-
spheres (AMX-MS), and indomethacin
nanocapsules (IndOH-NC) was formulated
to propose a new method of delivering
active agents to regions with difficult ac-
cess due to anatomical complexities pres-
ent in teeth that need endodontic treatment
(10). Also, this in vitro study showed reli-
able physicochemical properties with no
cytotoxicity when tested in fibroblastic
(3T3-L1) cell line, and antimicrobial activ-
ity against planktonic bacteria and Entero-
coccus faecalis (10). Further, the experi-
mental paste induced a faster wound
healing of fibroblasts than a commercially
available calcium hydroxide paste (10).

Although several studies showed promis-
ing results for drug carriers and bioactive
materials for endodontic use, materials
with combined antimicrobial, anti-inflam-
matory, and bioactive properties are not
commercially available. After reliable
laboratory results of new materials, case
reports are the next step at bench-to-chair
translation to clinical use. This case report
presented the use of a new endodontic
paste to retreat an open apex tooth diag-
nosed with acute periradicular abscess.
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Case report

This clinical case is reported according to
Preferred Reporting Items for Case reports
in Endodontics (PRICE) 2020 guidelines
(11, 12). The case management timeline is
summarized in table 1 and figure 1. A
9-year-old male child was referred to the
School of Dentistry of the Federal Univer-
sity of Rio Grande do Sul in April 2019 for
assessing inclusion in a randomized clin-
ical trial (RCT) (CAAE n° 09824919.
0.00005347).

The patient reported moderate spontane-
ous pain aggravated by mastication and
swelling in the region of the left lower
permanent first molar (tooth #36). There
was no significant medical history. Dental
history revealed previous endodontic
treatment with adequate composite resin
restoration in #36 performed six months
before the first appointment. Extraoral
examination revealed edema without
floating-point on the mandibular left side
with tenderness to palpation and vertical/
horizontal percussion in the #36. An in-
traoral periapical radiograph (VistaScan
Mini Easy, Diirr Dental, Germany) revealed
unsatisfactory previous endodontic treat-
ment with voids and overfilling, incom-
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plete rhizogenesis, and extensive radiolu-
cent area (Figure 2a). According to clinical
and radiographic signs and symptoms,
tooth #36 was diagnosed with acute per-
iradicular abscess. After, the agreement
by the child guardian and the informed
consent was obtained to perform an en-
dodontic retreatment procedure using the
new endodontic paste with drug delivery
systems as intracanal medication on tooth
#36.

In the same appointment, under papillary
anesthesia with 2% lidocaine containing
1:100,000 epinephrine (Alphacaine, DFL,
Rio de Janeiro, R], Brazil), cavity access
was performed under rubber dam isolation
using a round diamond bur (No.1015; KG
Sorensen, Sdo Paulo, SP, Brazil) underwa-
ter cooling until gutta-percha was visual-
ized. Irrigation with 2.5% NaOCl (Asfer,
Sdo Caetano do Sul, SP, Brazil) was per-
formed, and a #4 Gates Glidden Drill
(Dentsply Maillefer, Ballaigues, Switzer-
land) was introduced into the cervical
third of the root canals (distal (D), mesio-
buccal (MV) and mesio-lingual (ML)).
The gutta-percha and endodontic sealer of
previous treatment were removed with a
Clearsonic R1 ultrasonic insert (Helse
Ultrasonic, Ribeirdo Preto, SP, Brazil) and
2.5% NaOCl irrigation. After that, the #60
file (Dentsply Maillefer, Ballaigues, Swit-
zerland) was introduced into the root ca-
nals at the provisional working length
(14mm) based on the diagnosis radiograph
(Figure 2a), and gentle brush movements
were performed on the walls. At the end
of this procedure, a supplementary clean-
ing protocol was realized with 2.5% NaO-
Cl solution and EasyClean instrument
(Easy Dental Equipment, Belo Horizonte,
Minas Gerais, Brazil) in three 20s cycles
under 800rpm rotation and 200g.cm? of
torque, with the renewal of the solution
between each cycle. Afterward, the same
procedure was performed with 17% EDTA
(Férmula & Agdo, Sdo Paulo, SP, Brazil).
The root canals were then aspirated with
an aspiration tip (Endo Tips, Angelus,
Londrina, Parand, Brazil) and dried with
#80 absorbent paper tips (Dentsply, Petrop-
olis, RJ, Brazil).

The endodontic paste was prepared with

1 g of amoxicillin microspheres, 0.2 g of
a-TCP, 0.4 g of CaWO4 (Sigma-Aldrich
Chemical, Inc., St. Louis, MO, USA), and
0.4 mL of IndOH-NC suspension (10). The
paste was inserted into a medium flow
precision tip (Maquira, Maringd, Paran,
Brazil) adapted to a precision applicator
(Maquira, Maringd, Parand, Brazil). The
set was placed in the cervical third of each
root canal, and the paste was inserted. A
base of temporary restorative material
(Villevie, Joinville, Santa Catarina, Brazil)
was performed, and for the restoration
procedure, the etchant (Dentsply Sirona,
Pirassununga, SP, Brazil) was applied at
enamel for 15s, rinse for 15s, air-dry to
remove excess water. Then, the adhesive
Scotchbond Universal Adhesive (3M ESPE,
St Paul, USA) brushed for 20s in enamel
and dentin with vigorous agitation, gently
air thin for 5s and light-cure for 10s (Radii
cal, SDI, Victoria, Australia). Resin com-
posite (Filtek 725, 3M ESPE, St Paul, MN,
USA) was placed in increments to restore
the cavity. Each increment was photo-ac-
tivated for 20st (Figure 2B).

The patient was scheduled for a new ap-
pointment after 30 days and did not return
in the combined period. Numerous at-
tempts to contact his guardians were made,
and only in September 2019, the patient
returned for the second appointment. Clin-
ically, the patient was asymptomatic, and
radiographically it was observed radiolu-
cent area regression compatible with the
repair process and mineralized barrier
formation in the apical portion (Figure 2C).
Under rubber dam isolation, a new access
activity was performed, and the paste was
removed with 2.5% NaOCl solution while
stirring with the EasyClean instrument in
3 cycles of 20s and 17% EDTA under the
same agitation protocol. Final saline irri-
gation was performed, and the root canals
were aspirated and dried with #80 absor-
bent paper tips (Dentsply Maillefer, Bal-
laigues, Switzerland).

Apical barrier formation was verified
clinically by a #80 absorbent paper tip.
With this paper point, inside the root ca-
nal, touching the barrier, the working length
was determined (Distal=16 mm, Mesio-bu-
cal=16 mm, Mesio-lingual=16 mm).
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The filling was performed with MTAFill-
apex sealer (Angelus, Londrina, PR, Brazil)
and gutta-percha (Dentsply, Petrépolis, R],
Brazil) by the lateral condensation tech-
nique. Root canal orifices were sealed with
Glass Ionomer Cement (Riva self-cure/SDI,
Bayswater, Victoria, Australia) and coro-
nary sealing was performed with Z250XT
composite resin under the same previous
protocol described (Figure 2D).

In April 2020 (after 12 months of the first
appointment), the patient returned for the
first follow-up. He reported no pain or
swelling. Radiographically, it was observed
progressive regression of lesion size with
increased density of regenerated trabecular
bone tissue (Figure 2E). No adverse events
were reported.

The patient was recalled in October 2020
for the second follow-up visit. He remained
asymptomatic without intraoral and ex-
traoral signs of abnormality. The patient
reported that he was free of pain since the
end of the first appointment. Although a
complete bone repair has not yet occurred,
radiographically was observed a continued
increase in density of the regenerated tra-
becular bone surrounding tooth #36. At the
external surface of the apical third was
observed a radiopaque zone of hard tis-
sue-like spicules aspect (Figure 2F).

All procedures were conducted under
magnification with a surgical microscope
(DFVasconcelos, Valencga, R], Brazil). Radi-
ograph images were viewed and interpret-
ed by two independent endodontists. The
images were assessed on a 21” LED screen
where image brightness and contrast could
be changed using the software VistaScan
(Diirr Dental, Germany).

Discussion

This is the first clinical report assessing
the use of a new endodontic paste with
controlled drug delivery systems as intra-
canal medication describing the formation
of an apical barrier of mineralized tissue
after endodontic retreatment of an open
apex tooth diagnosed with acute periapical
abscess. This encouraging result could be
related to the polymeric nanocapsules con-
teined in the experimental paste that are
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able to carry indomethacin into the inflam-
mation sites. Moreover, the implantation of
antibiotic loaded polymeric systems direct-
ly to the site of infection and consequently,
lowering the amount of amoxicillin needed
to achieve the desired antibacterial effect
probably contributed to the infection con-
trol, favoring the apical repair.

The constant movement of the adjacent
structures to the #36 tooth, which occurs
due to the permanent teeth eruption pro-
cess, could have impaired the #36 tooth
stability, which may justify the incomplete
periapical bone repair observed until the
present moment. Nevertheless, the peria-
pical lesion regression in the present case
could be explained by the chemical-me-
chanical action of irrigant solutions, en-
dodontic instruments, and the antimicro-
bial and anti-inflammatory effects of int-
racanal endodontic paste. Calcium hydrox-
ide paste, routinely used in the referred
clinical situation, demonstrated low effec-
tiveness in postoperative pain control (4).
Furthermore, it has been shown that
dentin’s buffering action can counteract
the antimicrobial activity of calcium hy-
droxide (13). Acute endodontic infections
present multispecies microbial communi-
ties, being strict anaerobes (Porphyro-
monas, Prevotella, and Parvimonas), the
most frequent species isolated/detected
inside the root canal (14). Moreover, E.
faecallis bacteria, one of the most prevalent
species in cases of refractory infections to
endodontic treatment (15, 16), has shown
resistance to medium alkalinization caused
by calcium hydroxide (13, 17). The exper-
imental endodontic paste has demonstrat-
ed efficacy against E.faecallis and plank-
tonic bacteria (10), probably attributed to
amoxicillin delivery at the infection site
(18).

Further, no pain was reported after the
first intervention. Indomethacin is a non-
steroidal anti-inflammatory agent inhib-
iting prostaglandin synthesis by reversibly
blocking cycloxygenases 1 and 2 (COX-1
and COX-2) action (19). The systemic use
of oral indomethacin shows adverse intes-
tinal and gastric effects due to the non-se-
lective action of COX-1 and COX-2 enzymes
(20). Controlled drug release could over-
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come the issues related to systemic anti-
microbial and anti-inflammatory admin-
istration (21).

In the present case, the new endodontic
paste was able to induce mineralized tis-
sue barrier formation, observed clinically
and radiographically at the follow-up pe-
riods. Bezgin et al. (2012) each with at least
one necrotic permanent central incisor
requiring apexification treatment, were
selected for this study. Twenty-two select-
ed teeth were divided into two test groups
(10 CHP and 12 CHPP (22) observed an
average of 11 months for mineralized tissue
barrier formation in teeth diagnosed with
acute periradicular abscess treated with
calcium hydroxide-based medication. In
this case report, at the second appointment
(5 months after filling the root canal with
the paste), a mineralized barrier formation
at the apex was observed. The formed
apical barrier could be explained by the
antimicrobial and anti-inflammatory ac-
tion associated with a bioactive calcium
phosphate filler (10). Further, alfa-TCP
influences fibroblast cell migration, differ-
entiation, and proliferation of mineralized
tissue producing cells, favoring the healing
process and repair of periradicular tissues
(9, 23).

These parameters may suggest an apexifi-
cation process induced by the new intra-
canal endodontic paste. An apical barrier
isrequired to avoid bacteria and its toxins
from the root canal into the periradicular
tissue and act as a base preventing root
canal filling extrusion (24). Besides the
mineralized barrier induction, at the last
follow-up appointment, was observed a
radiopaque zone in spicules aspect at the
external apical third surface (figure 2F)
which differs radiographically from the
image observed when MTA or calcium
hydroxide paste are used for the apexifi-
cation process (2, 25). However, to be sure
regarding the type of tissue formed, a
histological evaluation should be per-
formed.

A possible limitation of this case report
was the lack of standardization of the
diagnosis radiography as the patient had
pain while chewing, precluding the use
of a positioner device. However, without

pain, the subsequent radiographs were
standardized enabling follow-up. Besides
the absence of standardization of the first
image, a mineralized barrier and the lesion
regression could be observed.

Several new materials are developed in
recent years to increase the clinical out-
comes of endodontic treatments. However,
the translation of bench results to the
chair-side does not follow the same speed.
The literature shows that a breakthrough
discovery could take about 17 years to be
incorporated into the clinical routine (26,
27). To overcome this issue, new materials
screen in vitro and translation to clinical
condition is of paramount importance. In
this way, the knowledge translation of the
state-of-the-art research to the standard of
care could enhance clinical outcomes.
Although case reports are the first line of
evidence in oral health and randomized
clinical studies are necessary, the use of
a new endodontic paste with reliable in
vitro results was translated to clinical
application with promising outcomes,
shedding light on immature permanent
teeth treatment.

Conclusions

The case outcome showed that the paste
might be an efficient alternative to conven-
tional apexification materials.

Clinical Relevance

The use of a new endodontic paste with
controlled drug delivery system could be
used for apexification in immature teeth.
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