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ABSTRACT

Aims: To report a clinical case where a pulp revascularization procedure was performed in an immature
permanent tooth with necrosis and periapical lesion.

Case report: A 7-year-old girl with a history of trauma seven months before presented pulp necrosis in
the upper left central incisor (9) with incomplete root formation. After clinical and radiographic
examinations, the diagnosis was a chronic periapical abscess—the proposed treatment of pulpal
revascularization. Two appointments were performed according to the protocol proposed by the
American Association of Endodontics (AAE). In the first consultation, access surgery was performed, and
presentation protocol with sodium hypochlorite (NaOCl) 1% and EDTA 17%. Calcium hydroxide was used
as root canal dressing for 15 days. The intracanal medication was removed in the second appointment; a
new disinfection protocol was performed, bleeding was induced with a #35 K-file and clot formation,
buffer with mineral trioxide aggregate, and definitive restoration was performed. The follow-up of the case
was carried out over periods of 30 days and later three years.

Results: In the 3-year follow-up, the patient has no signs and symptoms of infection. In addition, a
radiographic image demonstrates the healing of apical periodontitis with a formation of a mineralized
barrier at the apical level.

Conclusion: It is possible to consider the case successful. New consultations are necessary to observe the
completion of the root formation process and the thickening of the root canal walls.

KEYWORDS: Dental trauma. Immature permanent tooth. Pulp necrosis. Pulp revascularization.
https://doi.org/ 10.59306/jrd.v11e3202316-21

INTRODUCTION

Regenerative endodontics is a
biologically based procedure designed
to replace dental structures, including
cells of the dentin-pulp complex!. This
technique is based on the attempt to
regenerate the pulp tissue, with a high
success rate of 75-80%25.

Pulp revascularization aims,
from the remnants of stem cells
present in the apical papilla, to
complement the root formation in
terms of length and thickness of the
root wallsé.  Additionally, pulp
revascularization aims to promote the

closure of the apical foramen and the
healing of the periapical tissues. In this
sense, it promotes the strengthening of
the dental structure, improving the
prognosis and the survival rate of
immature teeth*.
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Figure 1. A periapical radiograph
showed the incomplete formation of
the dental apex of the left maxillary
central incisor.

The  American  Association  of
Endodontists recommends the
disinfection of the root canal system
through irrigating solutions, usually

1% NaOCl and 17% EDTA.
Subsequently, an intracanal
medication based on calcium

hydroxide or a combination of
antibiotics (ciprofloxacin, minocycline,
and metronidazole) must be used’.
After two to three weeks, a mechanical
induction of bleeding is performed
using stainless steel files over the
formed apex and the canal is filled with
blood. This blood-clot will contain
mesenchymal stem cells in the pulp
space that will induce the formation of
root and a pulp-like tissue8?. Mineral
trioxide aggregate (MTA) is the
material of choice due to its excellent
sealing ability and biocompatibility. It
is recommended to place 3 mm of MTA
over the blood clot as a capping

material, followed by a bonded
restorative material to avoid
infiltration410,

Several case reports and series
of cases have described good results
with pulpal revascularization of
immature teeth with radiographic
signs of tooth maturation and
elimination of signs and symptoms>11,
As well, randomized clinical trials also

Figure 2. Odontometric radiography

show good results for regenerative
endodontic therapy, demonstrating
that, likewise, when apexification is
detected, it brings a significant
increase in root length and thickness,
with 100% survival and about 90% of
cases showing clinical e radiographic
success within 12 months!2, This case
report aims to describe the endodontic
treatment of an immature maxillary
incisor with apical periodontitis using
the pulp revascularization technique.

CASE REPORT

The study was submitted and
approved by the Research Committee
of the Federal University of Rio Grande
do Sul. This case report was written
following the 2020  Preferred
Reporting Items for Case Reports in
Endodontics (PRICE) guidelines?3.

A seven years-old female
patient with no reports of systemic
diseases or allergies, was referred to
the endodontic care service of the
Federal University of Rio Grande do Sul
(UFRGS) for endodontic treatment of
tooth 9. In the first appointment, the
responsible person for the child
reported that the patient had suffered
a trauma in the anterior region of the
maxilla with a coronary fracture of the
left maxillary central incisor around

Figure 3. Calcium hydroxide paste as
intracanal medication.

seven months ago but did not seek by
dental care. After the period, the
presence of a sinus tract associated
with this tooth was observed, which
led to the search for a dental surgeon
from the primary health care unit, who
initiated the emergency treatment of
this case, proceeding endodontic
access and placement of an intracanal
sterilized cotton pellet, and the patient
was referred to UFRGS endodontic
service. A periapical radiograph was
performed and showed the incomplete
formation of the dental apex of the left
maxillary central incisor (Figure 1).
Clinical examination revealed positive
results of pain for apical digitation and
vertical percussion. Cooling test was
negative, and the sinus tract was
absent at this appointment. Therefore,
an apical periodontitis associated to
the left maxillary central incisor was

diagnosed.
After assignment of the
informed consent, the clinical

procedures were performed. First, an

anterior  superior alveolar and
nasopalatine nerve anesthesia was
performed, with 2% lidocaine with
1:100.000. After rubber dam isolation,
the coronary access was performed by
the palatal aspect. The disinfection

procedure was performed as described
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Figure 4. A 3mm MTA-plug

by AAE with a size #40 K-type stainless
steel file (Dentsply  Meillefer,
Ballaigues, Switzerland) until 4 mm of
the terminus of the formed root.
Irrigation with 5mL of 1% sodium
hypochlorite ~ (NaOCl)  (Farmacia
Marecela, Porto Alegre, RS, Brazil) was
used to irrigate the root canal. The
working length (WL) was stablished in
20mm from the incisal point of the
crown based on the work length
radiography (Figure 2). Next, an
irrigation with 5mL of 1% NaOCl was
performed for 5 min using NaviTip
needles (Ultradent) and a dispensable
10mL syringe.

The canal preparation was
gently performed with a size #80
stainless steel file using translational
movements to touch the maximum
area of the root canal walls. Irrigation
was performed with 20 mL of 1%
sodium hypochlorite. Calcium
hydroxide paste (Ultracal; UltraDent
Product, Inc. South Jordan, USA) was
used as intracanal medication for 15
days. The sealing was
performed with a sterilized cotton
pellet, temporary material (Cavit, 3M
ESPE, Seefeld, Germany) and Maxxion
R® glass ionomer cement (FGM,

coronal

Figure 5. Follow-up one month later
appointment, radiographically, the
periapical lesion was slightly reduced.

Figure 6. In the three-year follow-up,
complete repair of the periapical
region is observed, and it was
observed a mineralized barrier at the
apical level of the root, but there was

no thickening of the canal walls.

Joinville, Santa Catarina,
(Figure 3).

After 15 days, the patient
returned for the second appointment.
No clinical signs or symptoms of

infection were observed after clinical

Brazil)

examination. First, an anterior
superior alveolar and nasopalatine
nerve anesthesia was performed, with
2% lidocaine with 1:100.000, rubber
dam isolation, and removal of
temporary restoration
performed. The intracanal medication
was removed under irrigation with 20
mL of 1% sodium hypochlorite for 10
minutes followed by 20 mL of 17%
EDTA for 5 minutes. An over-
instrumentation was performed with a
size #35 K file (2 mm beyond the WL)
to stimulate the bleeding. Next, a
sterilized cotton pellet embedded with
saline was positioned 3mm under the
cementoenamel junction for 5 minutes
to contain the bleeding and to form the
blod-clot. A 3mm MTA-plug (MTA;
Angelus Londrina, Brazil) was
positioned in contact to the blod-clot
3mm above the cementoenamel
junction.  The
performed with Maxxion R® glass
ionomer (FGM, Joinville, Santa
Catarina, Brazil) and composite resin

were

restoration  was

(Magicfill, Vigodent, Sdo Paulo, SP,
Brazil) (Figure 4).

Patient returned one month
later for the first follow-up
appointment  with  absence of
postoperative pain and any symptoms
related to this tooth. Clinically, the
region at the bottom of the sulcus had
a healthy appearance with no sinus
tract anymore. Radiographically, the
periapical lesion was slightly reduced
(Figure 5). In the three-year follow-up,
complete repair of the periapical
region is observed, and it was observed
a mineralized barrier at the apical level
of the root, but there was no thickening
of the canal walls (Figure 6). Patient
did not present any signal or
symptoms of infection.

DISCUSSION

The case report describes a
pulp revascularization in the maxillary
left central incisor with incomplete
apex of a 7-year-old patient. The dental
trauma resulted in an apical
periodontitis. These data corroborate
those found in the literature, dental
trauma being the main cause of pulp
necrosis in immature permanent teeth
and upper central incisors!4.
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The treatment of a pulp
necrosis is through an endodontic
procedure to prevent bacterial
dissemination and worsening of the
infectious Furthermore,
other adverse events may occur in
cases of dental trauma, such as
obliteration of the canal lumen and

condition.

internal or external dentine
resorptiont516, After coronal opening, a
gently preparation  was
performed aiming to disorganize the

bacterial biofilm but not to wear the

canal

canal walls!t 17, Most of the root canal
achieved by the
chemical and mechanical effects of the

disinfection is

irrigant, rather than the mechanical
action of the endodontic instruments
on the canal walls!820, NaOCl is the
solution of choice for these cases!8 19,
Higher exhibit
cytotoxicity to the undifferentiated
mesenchymal cells of the dental papilla
and can impair their differentiation
into cells similar to those of the tooth-
pulp complex?20.

The literature shows the possibility of
using  basically two
medications: a calcium hydroxide-
based paste or a combination of
antibiotics. The use of antibiotics, such
paste (TAP),
combine minocycline, ciprofloxacin,
and metronidazole. Calcium hydroxide
appears as an alternative to TAP since
the combination of antibiotics has
disadvantages, such as the microbial
resistance, allergic reactions, and color
changing of the dental crown caused by
minocyclinell21, Dental staining has

concentrations

intracanal

as the triantibiotic

been reported as the main
complication  found in  pulpal
revascularization cases*!l. On the

other hand, the calcium hydroxide
paste has antimicrobial properties,
osteoconductive  properties, less
cytotoxicity, and does not cause tooth
staining?0. Data  regarding the
effectiveness of calcium hydroxide for
use as a delay dressing are evidenced
in the literaturel7.18.22, The
antimicrobial properties of calcium
hydroxide derive from its high pH,

which
unfavorable for the survival of most
microorganisms23. Furthermore, it can
cause the hydrolysis of
lipopolysaccharide (LPS) present in
the cell wall of gram-negative cells?3.
LPS is responsible for inflammatory
events such as stimulating the release
of chemical mediators of inflammation
and reabsorption of hard tissues?+
Furthermore, the bacterial resistance
to antibiotics when multi-antibiotics
are used for a short period is
documented and argues against triple
antibiotic paste21.24, In this sense, in the
present case, the calcium hydroxide
paste was used as the root canal
dressing.

In the second session, after the
final irrigation with NaOCl, 20 mL of
17% EDTA was also performed for 5
minutes. The combination of NaOCl
and 17% EDTA is crucial because of
their ability to dissolve organic matter
and eliminate bacteria and remove the
smear layer, respectively?s. EDTA also
acts activating the releasing of dentin
growth  factors, promoting the
differentiation of papilla cells20.2226,
Histological studies have shown that
most of the tissues formed in the pulp
revascularization technique are not
histologically identical to pulp and
dentin but rather cementoid and
osteoid-like17.2227, According to
histological analyses, there are distinct
tissues that form within the canal
space: intracanal cementum, which
provides an increase in the thickness of
the dentin walls tissue similar to bone
tissue, and fibrous periodontal tissue
that develops around the cementoid or
osteoid-like?2. The formation of these
tissues may be like the pulp due to the
permanence of the apical papilla2s.

The initial goal of the pulp
revascularization is to control the
inflammatory process related to the
infection installed into the canal. In

makes the environment

addition, it aims to stimulate the root
formation in length and width. To
induce the root development, the cells
of Hertwig's epithelial sheath must be

viable even after the installation of
apical periodontitis or apical abscess?®.
However, success in cases of
revascularization goes beyond just
completing root
absence of clinical signs such as sinus
tract, edema, mobility, painful
symptomatology, and radiographic
images demonstrating the reduction or
repair of the periapical lesion must also
be considered??. One study followed up
to 26 months of 20 cases of immature
permanent teeth  with  apical
periodontitis and incomplete root
formation, treated with the pulp
revascularization protocol. Seventy-
five per cent of the cases showed
radiographic evidence of increased
root wall thickness. In 5 cases, there
was no significant continuation of the
root development, but with the
formation apical
Basically, five different

related to root development can occur
after pulp revascularization in
immature permanent
increase in the thickness of the dentin

formation. The

of an barrier.

outcomes

teeth: an

walls and continuation of root
formation; non-significant
continuation in root formation with the
formation of an apical stop; a
continuation of root formation but no
closure of the apex; calcification of the
canal space, and formation of a hard
tissue barrier between the MTA plug
and the clot!?é,

CONCLUSION

In this case report, the pulp
revascularization controlled the canal
periapical
inflammation healed. The patient
remains asymptomatic, and the tooth
demonstrates complete repair of the
apical periodontitis with a formation of
a mineralized barrier at the apical level
after three years follow-up. Along term
follow up is still necessary to verify if
an increase in the thickness of the canal
walls or the root length will occur.

infection and the

19



Centenaro et al  Journal of Research in Dentistry 2023, 11(3):16-21

REFERENCES

1. Hargreaves KM, Diogenes A,
Teixeira FB. Treatment options:
biological basis of regenerative
endodontic procedures. Pediatr Dent.
2013;35(2):129-40.

2. Ulusoy AT, Cehreli ZC.
Provisional use of a natural tooth
crown following failure of
replantation: a case report. Dent
Traumatol. 2008;24(1):96-9.

3. Banchs F, Trope M.
Revascularization of immature
permanent teeth  with  apical

periodontitis: new treatment protocol?
J Endod. 2004;30(4):196-200.

4, Torabinejad M, Nosrat A,
Verma P, Udochukwu O. Regenerative
Endodontic Treatment or Mineral
Trioxide Aggregate Apical Plug in
Teeth with Necrotic Pulps and Open
Apices: A Systematic Review and Meta-
analysis. ] Endod. 2017;43(11):1806-
20.

5. Cehreli ZC, Isbitiren B, Sara S,
Erbas G. Regenerative endodontic
treatment  (revascularization)  of
immature necrotic molars medicated

with calcium hydroxide: a case series. ]
Endod. 2011;37(9):1327-30.

6. Zhai Q, Dong Z, Wang W, Li B,
Jin Y. Dental stem cell and dental tissue
regeneration. Front Med.
2019;13(2):152-9.

7. Alobaid AS, Cortes LM, Lo ],
Nguyen TT, Albert ], Abu-Melha AS, et
al. Radiographic and clinical outcomes
of the treatment of immature
permanent teeth by revascularization
or apexification: a pilot retrospective
cohort study. ] Endod.
2014;40(8):1063-70.

8. Lovelace TW, Henry MA,
Hargreaves KM, Diogenes A.
Evaluation of the delivery of
mesenchymal stem cells into the root
canal space of necrotic immature teeth
after clinical regenerative endodontic

procedure. ] Endod. 2011;37(2):133-8.

o. Petrino JA,
Shambarger S,

Boda KK,
Bowles WR,

McClanahan  SB.  Challenges in
regenerative endodontics: a case
series. | Endod. 2010;36(3):536-41.

10. Witherspoon DE, Small ]C,
Regan JD, Nunn M. Retrospective
analysis of open apex teeth obturated
with mineral trioxide aggregate. ]
Endod. 2008;34(10):1171-6.

11. Kim JH, Kim Y, Shin SJ, Park JW,
Jung 1Y. Tooth discoloration of
immature permanent incisor
associated with triple antibiotic
therapy: a case report. ] Endod.
2010;36(6):1086-91.

12. Lin ], Zeng Q, Wei X, Zhao W,
Cui M, Gu ], et al. Regenerative
Endodontics Versus Apexification in
Immature Permanent Teeth with
Apical Periodontitis: A Prospective
Randomized Controlled Study. ] Endod.
2017;43(11):1821-7.

13. Nagendrababu V, Chong BS,
McCabe P, Shah PK, Priya E, Jayaraman
], et al. PRICE 2020 guidelines for
reporting case reports in Endodontics:
a consensus-based development. Int
Endod J. 2020;53(5):619-26.

14. Born CD, Jackson TH, Koroluk
LD, Divaris K. Traumatic dental injuries
in preschool-age children: Prevalence
and risk factors. Clin Exp Dent Res.
2019;5(2):151-9.

15. Kahler B, Rossi-Fedele G,
Chugal N, Lin LM. An Evidence-based
Review of the Efficacy of Treatment
Approaches for Immature Permanent
Teeth with Pulp Necrosis. ] Endod.
2017;43(7):1052-7.

16. Chen MY, Chen KL, Chen CA,
Tayebaty F, Rosenberg PA, Lin LM.
Responses of immature permanent
teeth with infected necrotic pulp tissue
and apical periodontitis/abscess to
revascularization = procedures. Int
Endod ]. 2012;45(3):294-305.

17. Soares Ade ], Lins FF, Nagata
JY, Gomes BP, Zaia AA, Ferraz CC, et al.
Pulp revascularization after root canal
decontamination with calcium
hydroxide and 2% chlorhexidine gel. |
Endod. 2013;39(3):417-20.

18. Eramo S, Natali A, Pinna R,
Milia E. Dental pulp regeneration via
cell homing. Int Endod |
2018;51(4):405-19.

19. Shah D, Lynd T, Ho D, Chen ],
Vines ], Jung HD, et al. Pulp-Dentin
Tissue Healing Response: A Discussion
of Current Biomedical Approaches. ]
Clin Med. 92020.

20. Jung C, Kim S, Sun T, Cho YB,
Song M. Pulp-dentin regeneration:
current approaches and challenges. |
Tissue Eng.
2019;10:2041731418819263.

21. Galler KM, D'Souza RN,
Federlin M, Cavender AC, Hartgerink
JD, Hecker S, et al. Dentin conditioning
codetermines cell fate in regenerative
endodontics. | Endod.
2011;37(11):1536-41.

22. Shimizu E, Jong G, Partridge N,
Rosenberg PA, Lin LM. Histologic
observation of a human immature
permanent tooth with irreversible
pulpitis after
revascularization/regeneration
procedure. ] Endod. 2012;38(9):1293-
7.

23. Song W, Li S, Tang Q, Chen L,
Yuan Z. In vitro biocompatibility and
bioactivity of calcium silicate-based

bioceramics in endodontics (Review).
Int ] Mol Med. 2021;48(1).

24. Bedran NR, Nadelman P,
Magno MB, de Almeida Neves A,
Ferreira DM, Braga Pintor AV, et al.
Does Calcium Hydroxide Reduce
Endotoxins in Infected Root Canals?
Systematic Review and Meta-analysis. |
Endod. 2020;46(11):1545-58.

25. Haapasalo M, Shen Y, Wang Z,
Gao Y. Irrigation in endodontics. Br
Dent]. 2014;216(6):299-303.

26. Kharchi AS, Tagiyeva-Milne N,
Kanagasingam S. Regenerative
Endodontic Procedures, Disinfectants
and Outcomes: A Systematic Review.
Prim Dent]. 2020;9(4):65-84.

27. Vatankhah M, Najary S, Dianat
0. Clinical, Radiographic, and
Histologic Outcomes of Regenerative

20



Centenaro et al  Journal of Research in Dentistry 2023, 11(3):16-21

Endodontic Treatment in Human
Immature Teeth Using Different
Biological Scaffolds: A Systematic
Review and Meta-analysis. Curr Stem
Cell Res Ther. 2022.

28. Sanz JL, Forner L, Almudéver
A, Guerrero-Gironés J, Llena C. Viability
and Stimulation of Human Stem Cells
from the Apical Papilla (hSCAPs)
Induced by Silicate-Based Materials for
Their Potential Use in Regenerative
Endodontics: A Systematic Review.
Materials (Basel). 2020;13(4).

29. Alghamdi F, Alsulaimani M.
Regenerative endodontic treatment: A
systematic review of successful clinical
cases. Dent Med Probl.
2021;58(4):555-67.

21



