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Clinical applications of BioAggregate in pediatric
dentistry – case reports
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SUMMARY
Introduction Calcium-silicate-based, nanoparticle-sized BioAggregate is produced as an alternative
version of mineral trioxide aggregate (MTA). It contains additives such as calcium phosphate and silicon
dioxide but does not contain aluminium oxide and bismuth oxide. Studies have shown that BioAggregate’s calcium-ion release is better than these qualities in MTA concerning fracture and acid resistance,
biocompatibility and sealing ability.
Case outline In this paper, we examine eight case reports. These reports describe the long-term results
of using BioAggregate in areas such as pulpotomy and root canal treatment in primary and permanent
teeth, partial pulpotomy, artificial apical barrier construction of permanent teeth, root resorption repair,
and treatment of dens in dente.
Conclusion As evidenced by the case reports examined here, BioAggregate can be used as alternative
material to MTA in many dental treatments. These reports also show that the biocompatibility, antibacterial properties, hardening when moisture is present, ideal expansion percentage, impermeability, and
dentine adhesion features of BioAggregate provide advantages in clinical use.
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Ceramics are some of the oldest synthetic materials based on natural resources. Bioceramics
are specially designed ceramics used in medicine, including dentistry, to repair, restructure
or replace damaged or injured body organs [1,
2]. Bioceramics consist of polycrystalline ceramics (alumina and hydroxyapatite), bioactive glass, bioactive glass ceramics, or bioactive
composites (polyethylene-hydroxyapatite) [3].
Bioceramics have very attractive properties
for medicine and dentistry. For dental practices,
they have two important advantages. First, bioceramics are biocompatible, nontoxic, shrinkproof, and chemically stable in the biological
environment. For example, bioceramics do not
produce inflammatory tissue responses when
extruded to periodontal tissues during the root
repair process. This is due to the hydroxyapatite
formed during the material’s dentin bonding
[4]. Second, they exhibit a strong antibacterial
quality given their high pH (12.9) on curing.
Mineral trioxide aggregate (MTA) was the
first bioceramic material successfully used in
in dental endodontic practices [5]. Given its
biocompatibility, superior physical and chemical properties, it has become the preferred
material of choice in areas such as perforation
repair, retrograde filling, vital pulp treatment,
and root-canal treatment of teeth with an open
apex [6]. On the other hand, MTA has limitations. These include its long setting time, manipulation difficulty, high cost and tooth discoloration. These deficiencies have prompted

the development of alternative materials for the
uses described above.
Calcium-silicate-based, nanoparticle-sized
BioAggregate (Innovative BioCeramix, Inc.,
Burnaby, Canada) is produced as an alternative version of MTA in Canada [7, 8]. It is like
MTA in many respects. It contains additives
such as calcium phosphate and silicon dioxide
but does not contain aluminium oxide or bismuth oxide. In addition, studies have shown
that its calcium-ion release, acid and fracture
resistance, biocompatibility and sealing ability
are better than for MTA [8–12].
Despite the positive in vitro results, the
studies on the clinical use of BioAggregate are
limited. Therefore, the aim of this paper is to
show the clinical use of BioAggregate in different instances in pediatric dentistry.
CASE REPORTS
The treatments described in the cases presented
here were performed at the Faculty of Dentistry, Department of Pediatric Dentistry of the
Eskisehir Osmangazi University in Turkey after
written informed consent was obtained from
the patients’ parents. BioAggregate was used
as a biomaterial in all of these cases.
Case 1. Pulpotomy in primary teeth
A four-year-old girl who applied for a regular
check-up at our clinic was found to have deep
dentin caries in the mandibular left primary
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second molar (Tooth 85) (Figure 1a). According
to her parents, she had experienced no spontaneous tooth pain. The intraoral examination found
no percussion/palpation sensitivity or mobility.
The oral mucosa was normal. In addition, there
was no pathology found in the tooth’s periapical tissues. Nevertheless, the development of
the mandibular left permanent second premolar
(Tooth 45) follicle was found delayed. Due to the
pulp exposure without caries during the cavity
preparation and the possibility of not forming
permanent premolar (Tooth 45), a pulpotomy
was performed using BioAggregate (Figure 1b).
During the 24-month follow-up, Tooth 85 was
found to be clinically asymptomatic, and the radiographic examinations showed no periodontal/
periapical pathology (Figure 1c).

Figure 1. Radiographic appearance of case 1; a – preoperative; b – postoperative;
c – postoperative 24-month follow-up

Figure 2. Radiographic appearance of case 2; a – preoperative; b – postoperative;
c – postoperative 12-month follow-up

Case 2. Pulpotomy in permanent teeth
An eight-year-old male patient was admitted to
our clinic and it was determined to have deep
dentin caries in the mandibular right permanent
first molar (Tooth 46) (Figure 2a). There was no
spontaneous pain, percussion/palpation sensitivity, or pathologic mobility. The oral mucosa
was also normal. The radiographic examination
revealed that the mandibular right first molar’s
root development was not complete and that
there was no pathology in the periapical region.
A pulpotomy procedure was performed with
BioAggregateon the tooth, which had responded positively to the vitality test (Figure 2b). In
the follow-up radiographic examination at 12
months, Tooth 46 was observed to be vital and
showing evidence of continuing root development with no periodontal/periapical pathology
(Figure 2c).

Figure 3. Radiographic appearance of case 3; a – preoperative; b – postoperative;
c – postoperative six years follow-up

Figure 4. Radiographic appearance of case 4; a – preoperative; b – postoperative;
c – postoperative 24-month follow-up

Case 3. Partial pulpotomy

Case 4. Root canal treatment in primary tooth

A 10-year-old girl was referred to our clinic with a complaint of a crown fracture that occurred when she fell at
school. During the clinical examination, an enamel-dentin
fracture with pulp exposure was observed in the maxillary right permanent central incisor (Tooth 11). Tooth 11
responded positively to the electric pulp test and exhibited
sensitivity to cold and heat. Pathological mobility and percussion/palpation sensitivity were not observed. The radiographic examination found that Tooth 11 showed nearly
complete apex formation and that there was no alveolar
fracture or any other injury in the apical region (Figure 3a).
A partial pulpotomy was performed using BioAggregate
(Figure 3b). Throughout the six-year follow-up, Tooth 11
exhibited no clinical pathology or coronal discoloration,
and the pulp was observed to be vital. The radiographic
examinations showed a closed apex and a dent in bridge
at the pulpotomy site (Figure 3c).

A nine-year-old male patient was admitted to our clinic
with severe spontaneous pain in his mandibular left primary second molar (Tooth 75). The intraoral examination
found increased percussion sensitivity and mobility. The
oral mucosa was normal. The radiographic examination
found that the periodontal space of the corresponding
tooth was enlarged and that the permanent tooth was congenitally deficient (Figure 4a). A root canal treatment was
performed on the devitalized tooth using BioAggregate
(Figure 4b). During the 24-month follow-up, Tooth 75 was
found to be clinically asymptomatic, and the radiographic
examinations showed no periodontal/periapical pathology
(Figure 4c).
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Case 5. Root canal treatment in permanent tooth
A 10-year-old female was referred to our clinic with complaints of tooth fracture and pain after falling from a bicycle.
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Throughout the 24-month follow-up, Tooth 11 was found
to be clinically asymptomatic and showed normal color.
The radiographic examinations showed no periodontal/
periapical pathology (Figure 5c).
Case 6. Artificial apical barrier construction in
permanent teeth
A 10-year-old male was admitted to our clinic with a complaint of a crown fracture caused by a fall. In the intake
interview, it was learned that the patient was experiencFigure 5. Radiographic appearance of case 5; a – preoping severe spontaneous pain in the maxillary left permaerative; b – postoperative; c – postoperative 24-month
nent central incisor (Tooth 21) that had started two days
follow-up
prior to the visit. The intraoral examination
revealed a complicated crown fracture and increased percussion sensitivity in Tooth 21. The
radiographic examination showed an enlarged
periodontal space, a periapical lesion, and an incomplete root with immature apex (Figure 6a). A
root canal treatment was performed to create an
artificial apical barrier in Tooth 21using BioAggregate (Figure 6b). Throughout the 24-month
follow-up, the tooth showed no clinical patholFigure 6. Radiographic appearance of case 6; a – preoperative; b – postoperative;
ogy
or coronal discoloration. The radiographic
c – postoperative 24-month follow-up
examinations showed no periodontal/periapical
pathology (Figure 6c).
Case 7. Root resorption repair in
permanent teeth
An 11-year-old female was admitted to our
clinic complaining of dental pain. In the patient’s history, we learned that she was in a traffic accident two months prior to visit, and that
a splint was performed at another health center
Figure 7. Radiographic appearance of case 7; a – preoperative; b – postoperative;
because
of the teeth mobility. The intraoral clinic – postoperative 24-month follow-up
cal examination found that the splint was still in
her mouth and that a root canal treatment had
been started in the maxillary permanent incisors
(Teeth 11 and 21). Nevertheless, the exam found
that the patient was still experiencing spontaneous dental pain and percussion sensitivity. The
radiographic evaluation showed an enlarged
periodontal space, external root resorption areas, and an immature apex (Figure 7a). A root
canal treatment was performed using BioAggregate (Figure 7b). During the 24-month followFigure 8. Radiographic appearance of case 8; a – preoperative; b – postoperative;
up, Teeth 11 and 21 were found to be clinically
c – postoperative 24-month follow-up
asymptomatic and showed normal color. The
radiographic evaluations revealed that the external root resorptions had been controlled and
The intraoral examination found a complicated crown that no periodontal/periapical pathology had occurred
fracture of the maxillary right permanent central incisor (Figure 7c).
(Tooth 11) that exhibited spontaneous pain, percussion/
palpation sensitivity, and a negative vital response. The Case 8. Treatment of dens in dente
radiographic evaluation revealed an enlarged periodontal space and completed root development with a closed A seven-year-old boy was referred to our clinic with a
apex (Figure 5a). A root canal treatment was performed on complaint of dental pain. The intake interview revealed
the devitalized Tooth 11 using BioAggregate (Figure 5b). learned that the severe dental pain had started two weeks
DOI: https://doi.org/10.2298/SARH190509124C
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before the visit. The intraoral examination detected percussion/palpation sensitivity, pathologic mobility, swelling
in the vestibular mucosa and a negative response to the
electric pulp test in the left upper central incisor (Tooth
21). The radiographic evaluation revealed an open apex,
extensive radiolucency of the periapical tissue and type 3
dens in dente (Figure 8a). A root canal treatment was performed using BioAggregate (Figure 8b). Throughout the
24-month follow-up, Tooth 21 was found to be clinically
asymptomatic and showed normal color. The radiographic
examinations showed no periodontal/periapical pathology
(Figure 8c).
DISCUSSION
The use of calcium-silicate-based bioceramics has been
steadily increasing due to the negative clinical characteristics of the MTA that is used widely in biomimetic-based
treatments. Bioceramics have found place as alternative
materials in clinical use not only because of their ductal
patency but also for they showed positive results in vital
treatments such as pulpotomy and direct pulp capping,
apical plugging and retrograde filling [4].
Among these materials, the calcium-silicate-based
BioAggregate has specific advantages. First, it is preferred
because of its strong physical properties and because it is
highly biocompatible, nontoxic, shrink-proof and chemically stable within the biological environment. Second,
when extruded to periodontal tissue, it does not cause
inflammation, which is very important in endodontic applications [13]. It was also observed that bioceramics can
be used as an alternative paste for root canal treatments
of open apexes or perforated teeth due to positive properties such as its biocompatibility, and its ability to increase
cementoblastic and osteoblastic activity [14, 15, 16].
A further advantage of BioAggregate is that it creates a
chemical bond between dentin and filler material by forming hydroxyapatite during the setting process. The resulting hydroxyapatite-like structure acts as a graft material
that takes up bone. A significant component of BioAggregate’s improving this adherence to the canal wall is its
hydrophilic nature and low surface tension. These qualities
ensure a high closure for the cover [17]. In addition, it has
been shown that the presence or absence of a smear layer
does not affect the adherence to the canal wall [18].

A significant portion of BioAggregate’s composition is
tantalum oxide, which is used instead of the bismuth oxide
used in MTA for radiopacity [19]. BioAggregate has a 3.8
mm aluminium equivalent radiopacity, which is higher
than MTA’s radiopacity [17]. For this reason, it is considered an alternative material because of its advantages in
the evaluation of restoration quality [20].
Bioceramic pastes such as BioAggregate exhibit biological activity that includes an alkaline pH (pH > 12), high
calcium-ion release, and hydroxyapatite formation. In addition, BioAggregate’s tantalum oxide content contributes
to antimicrobial activity. Such activity helps prevent failures in pulpal and endodontic treatments in cases involving coronal and apical leakage of microorganisms [16].
In this manuscript, we have shown eight different uses
of BioAggregate that achieved successful long-term outcomes. No apical pathology occurred because of these
treatments. In addition, as reported in a study by Tuloglu
et al. [21], no coronal discoloration was observed in these
instances because BioAggregate, unlike MTA, does not
contain metal oxides.
That being said, we note that traditional root canal
disassembly techniques do not completely remove bioceramics from root canals and that this requires further
dismantling of the canal filler. The need for this procedure and the additional time it requires are considered
the greatest disadvantage of these materials [22]. We also
note that there are limited clinical long-term studies on
the performance of this newly developed repair material
as an alternative to MTA. Such studies should be done to
achieve a greater understanding of BioAggregate’s properties and performance.
In conclusion, BioAggregate could be used as an alternative material in many clinical dental treatments. Its
biocompatibility, antibacterial properties, hardening in
the presence of moisture, ideal expansion percentage, impermeability and dentine adhesion features provide the
described advantages in clinical uses.
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Примена клиничких биоагрегата у стоматологији – приказ болесникâ
Сечил Чалишкан, Нурај Тулоглу, Шуле Бајрак
Универзитет Османгази у Ескишехиру, Стоматолошки факултет, Главно одељење за дечју стоматологију, Ескишехир, Турска
САЖЕТАК
Увод Биоагрегат (BioAggregate) на бази калцијум-силиката,
величине наночестица, произведен је као алтернативна варијанта минералног триоксидног агрегата. Садржи адитиве
као што су калцијум-фосфат и силицијум-диоксид, али не
садржи алуминијум-оксид и бизмут-оксид. Истраживања
су показала да Биоагрегат ослобађа јоне калцијумa који су
отпорни на ломљење и киселину, биокомпатибилни су и
непропустљиви, за разлику од својстава минералног триоксидног агрегата.
Приказ болесникâ У овом чланку испитујемо осам приказа
болесника. Ови случајеви објашњавају дугорочне резултате
употребе Биоагрегата у подручјима као што су пулпотомија
и лечење коренских канала примарних и трајних зуба, дели-
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мична пулпотомија, уметна апикална баријерска структура
трајних зуба, поправљање ресорпције корена и лечење dens
in dente.
Закључак Као што се види из овде прегледаних случајева,
Биоагрегат се може користити као алтернативни материјал
минералном триоксидном агрегату у многим стоматолошким третманима. Ови извештаји такође показују да биокомпатибилност, антибактеријска својства, стврдњавање у
влажном окружењу, идеалан постотак својстава експанзије,
непропустивости и протетског адхезијског својства пружају
предности у клиничкој примени.
Кључне речи: пулпотомија; лечење коренских канала; Биоагрегат величине наночестица; калцијум-силикат
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