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KEYWORDS SUMMARY

apexification, pulp necrosis, immature Immature permanent teeth with necrotic pulp require endodontic treatment different
permanent teeth, root canal treatment, than conventional procedure. Proper root canal treatment and correct filling of such
MTA teeth is hardly possible due to open wide apices. Apexification is a method that enables

to create hard apical barrier. Until recently the most common material in this method
was calcium hydroxide. It is highly effective, however using calcium hydroxide requires
long time treatment up to 24 months with many appointments to create mineral apical
barrier. This may lead to fracture of the root's thin walls end tooth extraction. Currently,
the MTA (Mineral Trioxide Aggregate) preparation is recommended in the apexification
procedure to close open apex of immature teeth. It enables to carry out apexification pro-
cedure during one or two appointments.

The aim of this study is to describe 5 cases of apexification in posttraumatic and due to
caries non-vital immature teeth using MTA. In the following period of observation in all
the presented cases a positive treatment result was obtained.

In all the presented cases a positive treatment result was obtained.

SLOWA KLUCZOWE STRESZCZENIE

apeksyfikacja, martwica miazgi, Niedojrzale zeby stale z martwa miazga wymagaja leczenia endodontycznego, ktére roz-
niedojrzale zeby stale, leczenie kanalowe,  ni si¢ od stosowanego w zgbach dojrzalych. Prawidlowe leczenie kanaléw korzeniowych
MTA w zebach niedojrzalych i wlasciwe ich wypelnienie nastrecza wielu trudnosci z powodu

szerokiego otworu wierzchotkowego. Apeksyfikacja umozliwia tworzenie twardej barie-
ry wierzchotkowej. Do niedawna najczeéciej uzywanym materialem w tej metodzie byt
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wodorotlenek wapnia. Jest on bardzo efektywny, jednak wymaga wieloetapowego, dtu-
giego postepowania, do 24 miesigcy, w celu utworzenia zmineralizowanej bariery wierz-
chotkowej. Moze to przyczynic si¢ do ztamania cienkich $cian korzeniowych i ekstrakeji
zeba. Aktualnie do zamykania otworéw wierzchotkowych w niedojrzatych zebach sta-
tych rekomendowany jest material MTA, ktéry umozliwia przeprowadzenie apeksyfikacji
na jednej lub dwoch wizytach.

Celem niniejszej pracy jest przedstawienie 5 przypadkéw zebdéw statych niedojrzatych
z pourazowg lub w przebiegu prochnicy martwicg miazgi, w ktérych w leczeniu apeksy-
fikacyjnym zastosowano MTA.

We wszystkich przypadkach uzyskano pozytywne wyniki leczenia.

INTRODUCTION

Teeth with necrotic pulp or irreversible pulpitis require
root canal treatment. The outcome of endodontic treat-
ment depends on various factors such as: diagnosis, correct
instrumentation, disinfection and tight seal obturation of
the root canal system. These procedures are routinely per-
formed in fully developed teeth. An optimal filling of the
root canal system of non-vital immature teeth with open
apices is always problematic for dental practitioners (1, 2).
The immature teeth have incomplete root development.
Root walls are thin and divergent and the apical foramen
is wide opened, therefore it is impossible to seal the root
canal with traditional obturation methods (2).

Apexification is root canal treatment in immature perma-
nent teeth in which root formation ceased due to pulpal
necrosis or irreversible pulpitis. The purpose of this pro-
cedure is to removal of necrotic pulp, debridement of the
canal, control of infection and induce root end closure by
forming a barrier to facilitate obturation of the canal (2, 3).
There are generally two ways to reach this goal. First one is
based on multiple visits when the internal dressing of the
root is changed in 3-6 months periods. Calcium hydroxide is
the most common preparation used for this purpose (2, 3),
since its antimicrobial and odontotropic action limits bac-
terial infection and enables the formation of an natural cal-
cified apical barrier. However, calcium hydroxide has some
relevant disadvantages, including high solubility and low
mechanical stability, which may pose risk of fracture to the
thin root walls (3-6). Moreover, the average time for apical
barrier formation ranges from 5 to 24 months necessitating
multiple-visit treatment, during which a leakage around pro-
visional restoration may result in bacterial re-contamination
of the root canal system (2, 6-8). As all these factors may
lead to the failure, other materials have also been used as
a root-end filling in the apexification procedure. One of
them is MTA (Mineral Trioxide Aggregate), which consists
of hydrophilic particles of calcium, magnesium, silicone,
ferrous oxides that in wet conditions create colloidal gel.
Material sets to a hard structure in about 3 hours after
application and its compressive strength are similar to that
of IRM® (Immediate Restorative Material) or super-EBA®
(Ethoxy Benzoic Acid) cements (7). One of the main reasons
for using MTA as root canal filling material in apexification

is its biocompatibility, osteogenic properties, great sealing
ability and marginal adaptation. MTA is considered as
a bacteriostatic and bactericidal material due to release
of hydroxyl ions during setting and maintaining high pH.
Formation of mineralized layer between MTA and dentin as
well as the fact that MTA can penetrate dentinal tubules pro-
vide challenging conditions for bacterial survival including
Enterococcus faecalis and Candida albicans that are often
cause of unsuccessful endodontic treatment. What is more,
setting properties of MTA are not susceptible to moisture
and bleeding. MTA in contrast to calcium hydroxide does
not undergo disintegration in time (8-11).

During apexification procedure MTA is placed at the
apical part of the root. This enables to create an artificial
hard apical barrier, also known as “apical stop” or “apical
plag”, on a single visit and reduces risk factors connected
with using calcium hydroxide. Before next appointment
the material is hardened and the apical closure is achieved.
Then, the backfill part of the obturation using gutta-percha
may be carried out.

REPORT OF CASES

Apexification with the use of MTA was carried out in
5 patients: in 4 patients in central maxillary incisors due
to traumatic injuries and in 1 patient in mandibular pre-
molar due to caries. The clinical examination showed that
treated teeth were non vital and the radiographs revealed
incomplete root development. All procedures were com-
pleted under dental operating microscope after obtaining
an informed consent from the parents. Patients were locally
anesthetized with articaine with 1:200 000 epinephrine.
Instrumentation of root canal with crown-down technique
was made after placing a rubber dam and the radiographic
working length determination. Preparation of the root canal
was mainly chemical due to their thin walls. The canals were
irrigated with 2% sodium hypochlorite and 0.9% saline solu-
tion. Calibrated paper points were used to dry the canals.
A portion of absorbable collagen sponge (Biokol, Stalmed
Kielce or Spongostan, Ferrosan) was placed at the root
end to allow MTA to be placed within the confines of the
canal large space to prevent its extrusion (12, 13). In four
teeth ProRoot MTA (Dentsply Maillefer, Tulsa, OK, USA)
was applicated with a special carrier and then condensed
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Fig. 1a. Immature tooth 21 with necrotic pulp and periapical le-
sion in 10-years old patient

Fig. 1b. Tooth 21 after placement of MTA apical plug

in the apex using Gutta-Condensers and paper points. The
final apical plug thickness was 3-4 mm. Subsequently, the
wet cotton pellet was placed in the pulp chamber and the
cavity was closed with glass ionomer. In one case fast setting
Bio MTA (Cerkamed, Stalowa Wola, Poland) was used in
the apexification procedure (12, 13). The X-ray was taken
to confirm the correct position of the apical plug. In four
teeth with MTA on the next appointment the temporary
filling was removed and the canal was backfilled using

Nowa Stomatologia 2/2022

Fig. 1c. Tooth 21 after backfill obturation

Fig. 1d. Follow-up of tooth 21 after 12 months

Obtura (Spartan) with thermoplastic gutta-percha with
AH Plus Sealer (Dentsply De Trey) and the crown was finally
restored with a composite material. In one tooth in which
Bio MTA was used the canal was backfilled with Obtura
System on the same visit. Another X-ray was taken in the
end of the treatment. An amoxicilline was prescribed in
all cases. The patients attended recall appointments, after
6, 12 months or longer period — 30 and 36 months, during
which a control radiographic examination was performed.
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Case 1

A 10-year-old boy with Class Il malocclusion suffered
trauma to the upper central left incisor 1.5 years before
initial examination. A buccal sinus tract was noted near
the apex. The radiograph confirmed chronic periapical
periodontitis (fig. 1a). After application of rubber dam and
endodontic access preparation the procedure of apexifica-
tion was conducted as described above (figs. 1b, c). At the
same visit a portion of collagen sponge and ProRoot MTA
material were placed in the canal at the root end. After 7

/

A

Fig. 2a. Immature tooth 11 with necrotic pulp and periapical le-
sion in 9-years old patient

Fig. 2b. Tooth 11 after placement of MTA apical plug

days canal was backfilled using Obtura system. The follow-up
appointments after 6 and 12 months showed proper clinical
function of the tooth, healing of sinus tract and absence
of clinical symptoms. The radiographic examination after
6 and 12 months revealed the continuous decrease of peri-
apical lesion and formation of apical barrier (fig. 1d).

Case 2
A 9-year-old girl with Class Il malocclusion had an avul-

sion of the upper central right incisor. The tooth was re-
planted after 1 hour extraoral time in saline solution and

Fig. 2c. Tooth 11 after backfill obturation

Fig. 2d. Follow-up of tooth 11 after 12 months
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a decision was made to stabilize the tooth with semi-rigid
splint for 2 weeks. Patient missed 2 follow-ups after re-
moving the splint and 4 months after the trauma she
was referred to the Department of Pediatric Dentistry
suffering from spontaneous pain. The clinical and radio-
graphic examination showed chronic exacerbated apical
periodontitis, however there were no signs of root re-
sorption (fig. 2a). After placing rubber dam and preparing
access cavity the root canal was gently instrumented and
irrigated with 2% sodium hypochlorite and 0.9% NaCl,
dried with standard paper points. Then a calcium hydro-
xide dressing was applied for 2 weeks period. Before the
second appointment, the tooth was asymptomatic and
after rinsing with 2% sodium hypochlorite and 0.9% sa-
line solution the apexification was commenced (fig. 2b).
Although the procedure was performed under a micro-
scope by an experienced dentist, unfortunately a small
amount of MTA apical plug extrusion was noted (fig. 2c).
The follow-ups after 6 and 12 months showed no symp-
toms and no signs of root resorption. The radiographic
examination after 6 months showed decrease and after
12 months healing of the periapical lesion (fig. 2d). The
creating of apical barrier was incomplete, presumably
due to overfilling of the root canal.

Case 3

A 6.5-year-old boy with Class Il malocclusion suffered
avulsion of central left maxillary incisor. The tooth was
replanted by the child’s mother 15 min after injury. In the
Department of Pediatric Dentistry surgical wire was remo-
ved and semi-rigid splint was placed for 14 days (fig. 3a).

" SRS e,

Fig. 3a. Immature tooth 21 immediately after replantation with
surgical splint

Nowa Stomatologia 2/2022

Fig. 3b. Tooth 21 after placement of MTA apical plug and backfill
obturation

Fig. 3c. Follow-up of tooth 21 after 3 years

Pulp vitality tests after 1, 3 and 6 months were negative.
Laser Doppler flowmetry confirmed the pulp necrosis.
Apexification procedure was performed with ProRoot MTA
as described above, the remaining portion of the canal was
filled with thermoplastic gutta-percha and AH Plus Sealer on
the next appointment (fig. 3b). A 3-year follow-up radiogram
revealed calcified apical barrier in treated tooth 21 and
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normal further development of the root of the contralateral
incisor with healthy pulp (fig. 3c). Clinically, no pain, fistu-
la, tenderness to pressure or percussion mobility, loss of
function, ankylosis or other complications after endodontic
treatment of the tooth 21 were noted.

Case 4

An 8-year-old girl with Class Il malocclusion suffered
avulsion of maxillary right central incisor. Tooth was replan-
ted within 30 min of the injury (fig. 4a) and the decision
was made to stabilize the tooth with semi-rigid splint for 4
weeks due to increased mobility after 2 weeks. Follow-up

Fig. 4a. Immature tooth 11 immediately
after replantation prior splinting

Fig. 4b. Tooth 11 two-year observation
after traumatic injury and replantation

examinations after 1 month, 3 months, 4 months, 13 mon-
ths, 18 months and 24 month demonstrated progressive loss
of vitality (ethyl chloride test) and decreased root growth
relative to contralateral incisor in consecutive radiograms
(fig. 4b). Apexification procedure was carried out, pulp
extirpation (partial necrosis) and chemomechanical canal
debridement according to the previously-described pro-
cedure (fig. 4c). Apical portion of the canal was filled with
BioMTA (fast setting), the remaining portion was obturated
with thermoplastic gutta-percha and AH Plus Sealer (fig. 4d).
Clinical and radiological reviews at 3 months, 12 months
(fig. 4e), 30 months (fig. 4f) exhibited successful outcome.

Fig. 4c. Measurement of working length
in tooth 11 root canal with endodontic file

(disproportionate root development of
central incisors). Decision was made to be-
gin apexification procedure

Fig. 4d. Tooth 11 after placement of MTA
apical plug and backfill obturation

12 months

Fig. 4e. Follow-up of tooth 11 after

Fig. 4f. Follow-up of tooth 11 after
30 months
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Case 5

A 13-year-old girl presented a buccal sinus tract in the
area of the apex of lower second right premolar. Clinical
examination also showed an extensive carious lesion at the
distal and occlusal surfaces of tooth. Radiograph revealed
chronic periapical periodontitis (fig. 5a). After placing rub-
ber dam and creating access preparation the apexification
procedure was carried out according to the protocol descri-
bed above (figs. 5b, 5c). The follow-up appointment and
radiographic examination after 6 months revealed absence
of clinical symptoms, healing of the periapical lesion, and
formation of the apical barrier (fig. 5d). The patient did not
report for further follow-up appointments.

DiscussioN

Pulp necrosis in teeth is a common complication of trau-
matic injuries. Traumatic dental injuries often affect children
aged 6-9 with incomplete root formation. The second cause

Fig. 5a. Immature tooth 45 with necrotic pulp and periapical le-
sion in 13-years old patient. RTG with hand instrument to deter-
mine working length

Fig. 5b. Tooth 45 after placement of MTA apical plug

Nowa Stomatologia 2/2022

of arrested root formation is caries and its complications
(irreversible pulpitis). Presented cases confirmed apexifica-
tion as effective procedure in immature permanent teeth.
Application of MTA significantly reduces the treatment
time and minimizes the potential complications connected
with the use of calcium hydroxide. The preparations based
on calcium hydroxide are placing in the canal only for two
weeks to one month to disinfect canal space, after this
time root end is closed with MTA material (12). The suita-
ble alternative to MTA in one-visit apexification is the fast
setting material Biodentine (Septodont) (14). Apexification
with calcium hydroxide is effective, however it requires
several appointments. This causes the risk of treatment
failure as multiple visits may be unpleasant and difficult to
remember for young patients and their parents. The appo-
intments might be forgotten because the teeth often remain
asymptomatic (6). It is reported that long-term root canal
treatment with calcium hydroxide dressings may influence

Fig. 5¢. Tooth 45 after backfill obturation

4

Fig. 5d. Follow-up of tooth 45 after 6 months
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the mechanical resistance of the tooth and increase the risk
of tooth fracture (6). Utilizing MTA enables to avoid such
problems. In addition, tooth structure may be strengthened,
when after apex closure the remining part of root canal
is obturated with adhesive composite material instead of
gutta-percha.

In endodontics, the smear layer is a thin layer covering
canals dentin that forms during instrumentation. Smear
layer may be removed with various agents, such as the
solution of EDTA or citric acid. Although some authors state
that removing smear layer benefits the obturation seal, it is
reported that presence of smear layer decreased the micro-
leakage of MTA used as orthograde root canal filling (15).
Thus in our study the smear layer was not removed from
the root canal walls prior to application of MTA.

MTA is quite difficult to handle, so some studies have
been made to improve its physical properties. It was propo-
sed to use 10% calcium chloride as an accelerator to ensure
MTA more adequate and easy handling consistency and
higher luster (16). The addition of calcium chloride does not
change MTA biologic properties, but the study only concerns
direct pulp capping after pulpotomy so the accelerator was
not used in this cases. Placing MTA in the apical foramen
is a precise procedure and it had to be performed with the
endodontic microscope as it facilitates visualization of the
root end (8, 9, 17).

MTA is biocompatible, hard tissue inductive and conductive,
nontoxic, noncarcinogenic, nongenotoxic, insoluble in tissue
fluids and dimensionally stable. Thanks to above mentioned
features MTA has a variety of clinical indications. Nowadays
it is recommended for apexification, direct pulp capping, pul-
potomy, root canal filling, repair of root perforations and both
internal and external resorptions (9, 12, 13, 18-25).

Mente et al. (22) investigated the outcome of endodontic
treatment using MTA to create apical plug. According to
this study 95% of assessed teeth were fully functional after
30 months, what means that periapical lesions were healed
or significantly diminished and the teeth were asymptoma-
tic. Creating apical barrier with MTA, when compared to

CONFLICT OF INTERESTS REFERENCES

multi-visit apexification with calcium hydroxide, demonstra-
ted higher rate of success during clinical and radiographic
follow-ups (20).

The novel alternative to apexification in treating immatu-
re teeth with a necrotic pulp is the regenerative endodontic
therapy involving revascularization or autologous platelet-
-rich plasma and scaffolds to elicit host steam cells is defined
as “biologically based procedures designed to physiologi-
cally replace damaged tooth structure, including dentin
and root structures, as well as pulp-dentin complex” (25).
This method of treatment has have the unique potential
advantage, allows for the further growth of the root and the
growth of its wall thickness as in apexogenesis (12, 25-33).
However, there is no obvious benefit to providing revascu-
larization procedure to teeth with thick enough dentinal
walls to withstand a fracture, in these cases apexification
is the most optimal endodontic treatment because it is
a more predictable method in terms of obtaining a positive
treatment outcome (25).

Tooth injuries leading to pulp necrosis and the need
for apexification treatment often occur in children with
malocclusion as it was in four cases presented in this study.
There is the question of how orthodontic treatment affects
the condition of endodontically treated teeth especially
with the apexification method. The results of retrospective
study conducted by Keinan at al. (34) showed that ortho-
dontic movement of immature traumatized teeth after
apexification appears to be safe. The authors observed
minor root resorption in teeth treated endodontically with
MTA apexification method than in healthy teeth with vital
pulp. The endodontically treated teeth are less susceptible
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CONCLUSIONS

Apexification with MTA is a valuable alternative to me-
thods utilizing calcium hydroxide. It is successful optimal
treatment in endodontic therapy of immature teeth with
necrotic pulp.
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