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Abstract

endodontic procedures in the near future.

This article describes the treatment ofimmature maxillary central incisors associated with complicated crown fracture
with periapical lesion in two clinical cases. For the first, the root-canal was filled with Ca(OH), (calcium hydroxide) as
an interim dressing followed by mineral trioxide aggregate (MTA). In the second case, an incomplete obturation of left
maxillary central incisor, the root canal was filled with calcium hydroxide.

The advantages and disadvantages of Ca(OH), and MTA are discussed. Both materials are effective in the
treatment of immature teeth. The advantages of MTA demonstrate its potential for replacing calcium hydroxide in
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Introduction

Traumatic injuries to teeth with or without pulpal involvement
occur in children and adolescents [1]. The majority of these injuries
occur before root formation is complete, causing in some cases pulp
inflammation and necrosis, with possible impact on the quality of life
of affected individuals [2,3]. Anterior crown fractures are favoured by
the protruded position of maxillary incisors and their eruptive pattern.
The most susceptible age to dental trauma is between 6 to 12 years
[4]. Complicated crown fractures represent 18-20% of all traumatic
injuries to permanent teeth [5]. The treatment options vary due to
tooth maturity, the time lapse between the accident and the treatment,
the severity of pulp exposure, the presence or absence of haemorrhage,
the size of the remaining crown, periodontal status and occlusal
relations [6,7].

Root formation is classified in seven stages by Moorrees et al.
[8]. Vital amputation (pulpotomy) is the treatment of choice for
traumatized immature teeth with pulp exposure [9,10]. It allows
further root development, with apical closure and strengthening of the
root structure [9]. If the pulp vitality of a traumatized immature tooth
is lost, the treatment will be a challenge, especially for pulp necrosis in
teeth with inadequate radicular development due to the fact that an
open apex in permanent tooth takes approximately 3 years to close after
tooth eruption [2,9,11-13]. In the case of pulp necrosis, pulpectomy
and root canal therapy should be preferred [12]. If the apex is not
completely formed, the standard treatment option for traumatized
immature permanent teeth with necrotic pulp is apexification. The
aim is to induce a hard calcified barrier at the apical end of the root to
achieve the definitive root canal filling [14]. The traditional, long-term
radicular closure procedure applies calcium hydroxide, Ca(OH), [15].
This technique was the mainstay for the management of immature
apices for over half a decade [16]. Ca(OH), is the most widely accepted
material, due to its biological and antimicrobial properties, such as
reparative dentin to bridge a pulp exposure, induction of hard tissue
formation and ability to stimulate the formation of new bone, healing
of large periradicular lesions and inhibition of root resorption [17-
19]. Ca(OH), dressing helps to eliminate the microorganisms and
inactivates toxic products [20,21]. The lethal effect of calcium hydroxide
on bacterial cells is probably due to protein denaturation and damage
to DNA and cytoplasmic membranes [22]. Ca(OH), has been also
used as a temporary filling material for non-vital tooth with immature

apex [13]. The average time for apical barrier formation ranges from 5
months to 20 months [23].

In recent times, interest has centred on the use of mineral trioxide
aggregate (MTA), due to its wide array of application in the treatment
of complications following dental trauma. These conditions include
teeth with exposed pulp, root fracture and pulp necrosis located
in the coronal part of the pulp [24-26]. It is the material of choice
as an apical plug during the short-term (one-visit) apexification
techniques, and adjuvant, placed as a cervical plug in the regenerative
endodontic treatment (RET) based on revascularisations techniques
[15]. Hydration of MTA powder results in a colloidal gel composed
of calcium oxide crystals in an amorphous structure [27]. The use of
MTA in endodontics is due to the beneficial properties of this material
like ease of manipulation and placement [28]. It neither gets resorbed,
nor weakens the root canal dentinal structures [29]. It is insensitive
to moisture and blood [16,30]. It shows antimicrobial properties,
biocompatibility, low shrinkage and the capacity to induce cementum
and periodontal ligament (PDL) formation [14,24,31,32]. During
setting time, the pH is between 10.2 and 12.5, favouring hard tissue
induction and creating a bacteria-tight seal [14,20,33,34].

The following two clinical case reports describe the successful
treatment of non-vital immature upper right central incisor with
periapical infection suffered from complicated crown fracture and the
management of immature upper central incisors with incomplete root
canal obturation.

Case Report-1

An 8 year old boy reported to the Pedodontic and Orthodontic
Department of the Dental Faculty of Semmelweis University, Budapest
for evaluation and treatment of a right maxillary central incisor. He
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had suffered traumatic injury during a mobile accident with loss of
the coronal fragment of teeth 1.1 and 2.1. The clinical examination
revealed complicated crown fracture of the right upper central
incisor. The tooth failed to respond to thermal or electric pulp testing.
Periapical radiographs demonstrated incompletely formed root apex
and periapical radiolucency. The root developmental stage 2 to 3 was
established according to Moorrees et al. (Figure 1) [8]. Because of
difficulties in the disinfection and drying of the root canal, a modified
short-term apexification technique was chosen as treatment option.

A conventional access opening was made under absolute isolation
conditions. The root length was estimated using periapical radiograph.
Root canal instrumentation was performed, and the working length
was established at 1 mm short of the radiographic apex. Copious
irrigation with 0.5% sodium hypochlorite (NaOCl) was done
throughout the cleaning and shaping procedures. The root canal was
dried with absorbent paper points, and filled with calcium hydroxide.
Ca(OH), was changed at one week intervals over two months, and the
access cavity was restored with a glass ionomer temporary restoration.

At the 2 months check-up, the tooth was asymptomatic and showed
no tenderness to percussion and palpation. The temporary restoration
was removed and again the canal was irrigated with 0.5% NaOCI. The
canal was enlarged up to size of root canal instrument ISO number
80. MTA was mixed according to the manufacturer's instruction
and was applied with hand plugger. Control radiograph showed a
thickness of MTA about 4 mm. Hardness of apical plug was checked
after 1 week and the canal was obturated with heated gutta-percha and
a sealer using lateral condensation technique (Figure 2). For the final
crown restoration of both fractured upper central incisors light-curing
composite material was used.

After one year, radiographic examination of tooth 1.1 showed
apical closure and decrease of the radiolucent area was evident (Figure
3). The two year check-up revealed complete healing of the apical
structures (Figure 4).

Case Report-2

A 7 year old boy was referred to the department with traumatic
fracture in the left maxillary central incisor due to a sports accident at
school. The clinical examination revealed a complicated crown fracture
(Figure 5) with tooth mobility within normal limits. Radiographic
examination detected immature teeth with open apices and a large
radiolucent area. The root developmental stage 3 to 4 was established
according to Moorrees et al. [8]. The tooth was accessed; root canals

Figure 1: Incompletely formed root length and wide open apex for teeth 1.1,
1.2 and 2.2; complicated crown fracture with pulpal involvement of tooth 1.1;
crown fracture without pulpal involvement for tooth 2.1.

Figure 2: The MTA apical plug and gutta-percha filling of tooth 1.1.

Figure 3: Check-up after one year.

Figure 4: Check-up after two years.

were cleaned and instrumented (Figure 6). Irrigation with 0.5% NaOCl
was applied. Disinfection and mechanical root canal treatment was
extremely difficult and performed with great care because of the thin
dentinal root walls and open apex. The large periapical lesion made
appropriate drying also difficult and time-consuming, therefore the
long-term apexification using Ca(OH), was chosen. The tooth was
restored with temporary glass ionomer cement. Ca(OH), dressing
was changed every three months. Periapical radiograph were taken
periodically. After 12 months, X-ray examination showed complete
formation of the root apices in left maxillary central incisor. Permanent
root canal obturation with half heated gutta-percha was performed,
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Figure 5: Left upper maxillary central incisor before treatment showing large
radiolucency in the periapical area.

Figure 6: Calcium hydroxide dressing of the root for tooth 2.1.

Figure 7: Permanent gutta-percha root canal obturation; 1 year radiographic
check-up.

followed by additional points, dipped in resin-chloroform using lateral
condensation. On the control radiographic examination made after
one year periapical healing was evident (Figure 7).

Discussion

Despite the higher success rate of apical barrier formation using
Ca(OH),, it still has its inherent clinical problems, like the possibility of
cervical root fracture of the weakened teeth because of the desiccating
properties of high pH Ca(OH),failure to control infection, multiple

appointments, which complicated the treatment, the nature of
barrier which might be porous or sometimes contains soft tissues
[13,14,20,29,31,35,36]. The presence of Ca(OH), paste in the root for
more than 30 days, and the long-term treatment procedures raise the
tooth susceptibility to fracture [15,35,36]. Disadvantages of Ca(OH),
can be the variability of treatment time, unpredictability of apical
closure, high rate of cervical root fracture, difficulties with patient
follow-up and delayed treatment [37].

The use of materials potentially inducing mineralisation such as
MTA can be used to avoid these inconveniences [14]. Portland cement
bismuth oxide MTA is the first material that consistently allows for
the overgrowth of cementum and bone formation, furthermore it
facilitates the regeneration of the periodontal ligament [30, 38] and is
achieving a hermetic seal against bacteria [24,31,38]. These properties
resulting in the combination of an effective bacterial seal and formation
of new cementum and PDL makes techniques using MTA a biologically
preferable method and MTA a gold standard root filling material for
immature teeth with open apex [24,38]. However, MTA has certain
drawbacks such as difficulty in handling and very slow setting reaction,
which might contribute to leakage, surface disintegration, loss of
marginal adaptation and continuity of the material [38].

Many studies compared the effectiveness of Ca(OH), versus MTA,
and concluded, that MTA equals Ca(OH), cases with open apex.
Further, it has proven to be effective in performing the same procedure
in a considerably shorter period of time with more predictable results
[28]. By using MTA as a physical barrier apically, root canal filling can
be placed immediately without waiting for biological response [37].
MTA was effective in severe crown fracture too [20]. In cases where the
initial treatment of the injured tooth included long-term apexification
with Ca(OH), showing no apical stop 3 years later, by replacing it with
MTA at the 12 months follow up the tooth was asymptomatic and
showed repair of the radiolucent apical lesion [39]. The treatment with
Ca(OH), is time consuming, ranging from 3 to 21 months, dependent
on the diameter of open apex, the rate of tooth displacement and
the tooth repositioning method after luxation injury [35]. Lemon
advocated the use of a matrix when the perforation diameter is larger
than 1 mm to avoid extrusion of the sealing material [28].

In the second case presented, at the moment of injury the root canal
was in an early stage of development. Moorrees et al. reported that in
early root developmental stages (between 2 and 4), Ca(OH), helps not
only regeneration of surrounding bone tissue and periodontium, but
also subsequent closing of wide apical opening [8]. This was taken into
consideration at treatment choice for Case 2. The required treatment
time was 12 months. A complete formation of the root apices was
achieved with complete periapical healing. Ca(OH), was applied as
temporary filling material also in the apical regions, producing better
results than placed beyond the coronal half [40]. In the first case, an
apical plug of MTA was used for short-time apexification in a combined
treatment method. Ca(OH), was applied as root canal medicament
dressing for two months. According to Moorrees et al. when the root
formation is in stages between 3 and 4, the use of Ca(OH), for one or
two months before the application of MTA helps the apex closure, the
drying process, keeping the root canal free from microorganisms and
most of endodontic pathogens [8,21,25,29]. This results in avoiding
infections induced by acidic environment which could adversely affect
the setting of MTA [25]. During root canal debridement, the canals
were irrigated with NaOCl in both cases. NaOCl was diluted to 0.5% to
limit the potential for apical tissue damage [25]. In both cases Ca(OH),
dressings were placed without triple antibiotic paste to avoid teeth
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discoloration due to minocycline [15,41]. For Case 1 after Ca(OH),
medication, a plug of 4 mm of MTA was introduced to the apical
parts of the canal with a fitted gutta-percha cone under radiographic
evaluation. MTA has been considered an excellent root-end filling
material as it provides good sealing ability and is biocompatible to
periapical tissues [12]. The apex closure finalized within one year, and
two-year follow-up showed good periapical repair.

Conclusion

The presented cases and their treatment showed that both MTA
and Ca(OH), apexification techniques are effective in achieving an apex
closure with barrier formation of immature teeth in young patients. For
MTA, the duration for periapical tissues healing around the apex was
less than the required time when using Ca(OH),. Although Ca(OH),
is effective in apexification process, but due to the long healing process
and such the possibility of crown fracture, the use of MTA seems to be
a better option in endodontic treatment of immature teeth.

The combined use of calcium hydroxide as adjuvant medication
before the application of MTA in immature teeth helps drying the
canal and keeping it free from infection and microorganisms. It also
promotes the apical closure process. Apexogenesis and apexification
of traumatized young permanent teeth requires a complex therapy and
even for necrotized teeth the revascularization procedures are being
more and more emphasized.
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