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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 BioAggre-
gate’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, antibacte-
rial properties, hardening when moisture is present, ideal expansion percentage, impermeability, and
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dentine adhesion features of BioAggregate provide advantages in clinical use.
Keywords: pulpotomy; root canal treatment; nanoparticle-sized BioAggregate; calcium silicate

INTRODUCTION

Ceramics are some of the oldest synthetic ma-
terials based on natural resources. Bioceramics
are specially designed ceramics used in medi-
cine, including dentistry, to repair, restructure
or replace damaged or injured body organs [1,
2]. Bioceramics consist of polycrystalline ce-
ramics (alumina and hydroxyapatite), bioac-
tive 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, bio-
ceramics are biocompatible, nontoxic, shrink-
proof, 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 chemi-
cal 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 limita-
tions. These include its long setting time, ma-
nipulation difficulty, high cost and tooth dis-
coloration. 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 alterna-
tive 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 bis-
muth 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 differ-
ent instances in pediatric dentistry.

CASE REPORTS

The treatments described in the cases presented
here were performed at the Faculty of Dentist-
ry, 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 spontane-
ous 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 periapi-
cal 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 ra-
diographic examinations showed no periodontal/
periapical pathology (Figure 1c).

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 sensi-
tivity, 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 respond-
ed 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 develop-
ment with no periodontal/periapical pathology
(Figure 2c¢).

Case 3. Partial pulpotomy

A 10-year-old girl was referred to our clinic with a com-
plaint 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 maxil-
lary 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 per-
cussion/palpation sensitivity were not observed. The radio-
graphic 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).
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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

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 4. Root canal treatment in primary tooth

A nine-year-old male patient was admitted to our clinic
with severe spontaneous pain in his mandibular left pri-
mary 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 con-
genitally 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).

Case 5. Root canal treatment in permanent tooth

A 10-year-old female was referred to our clinic with com-
plaints of tooth fracture and pain after falling from a bicycle.
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Figure 5. Radiographic appearance of case 5; a — preop-
erative; b — postoperative; c — postoperative 24-month
follow-up

Figure 6. Radiographic appearance of case 6; a — preoperative; b — postoperative;

¢ - postoperative 24-month follow-up

Figure 7. Radiographic appearance of case 7; a - preoperative; b — postoperative;

¢ - postoperative 24-month follow-up

Figure 8. Radiographic appearance of case 8; a — preoperative; b - postoperative;
¢ - postoperative 24-month follow-up

The intraoral examination found a complicated crown
fracture of the maxillary right permanent central incisor
(Tooth 11) that exhibited spontaneous pain, percussion/
palpation sensitivity, and a negative vital response. The
radiographic evaluation revealed an enlarged periodon-
tal space and completed root development with a closed
apex (Figure 5a). A root canal treatment was performed on
the devitalized Tooth 11 using BioAggregate (Figure 5b).
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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 com-
plaint of a crown fracture caused by a fall. In the intake
interview, it was learned that the patient was experienc-
ing severe spontaneous pain in the maxillary left perma-
nent central incisor (Tooth 21) that had started two days
prior to the visit. The intraoral examination
revealed a complicated crown fracture and in-
creased percussion sensitivity in Tooth 21. The
radiographic examination showed an enlarged
periodontal space, a periapical lesion, and an in-
complete root with immature apex (Figure 6a). A
root canal treatment was performed to create an
artificial apical barrier in Tooth 21using BioAg-
gregate (Figure 6b). Throughout the 24-month
follow-up, the tooth showed no clinical pathol-
ogy or coronal discoloration. The radiographic
examinations showed no periodontal/periapical
pathology (Figure 6¢).

Case 7. Root resorption repair in
permanent teeth

An 11-year-old female was admitted to our
clinic complaining of dental pain. In the pa-
tient’s history, we learned that she was in a traf-
fic accident two months prior to visit, and that
a splint was performed at another health center
because of the teeth mobility. The intraoral clini-
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 spontane-
ous dental pain and percussion sensitivity. The
radiographic evaluation showed an enlarged
periodontal space, external root resorption ar-
eas, and an immature apex (Figure 7a). A root
canal treatment was performed using BioAggre-
gate (Figure 7b). During the 24-month follow-
up, Teeth 11 and 21 were found to be clinically
asymptomatic and showed normal color. The
radiographic evaluations revealed that the ex-
ternal root resorptions had been controlled and
that no periodontal/periapical pathology had occurred
(Figure 7c).

Case 8. Treatment of dens in dente
A seven-year-old boy was referred to our clinic with a
complaint of dental pain. The intake interview revealed

learned that the severe dental pain had started two weeks
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before the visit. The intraoral examination detected per-
cussion/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 per-
formed 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 character-
istics 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 chemi-
cally stable within the biological environment. Second,
when extruded to periodontal tissue, it does not cause
inflammation, which is very important in endodontic ap-
plications [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 proper-
ties 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 form-
ing hydroxyapatite during the setting process. The result-
ing hydroxyapatite-like structure acts as a graft material
that takes up bone. A significant component of BioAg-
gregate’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].
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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 consid-
ered an alternative material because of its advantages in
the evaluation of restoration quality [20].

Bioceramic pastes such as BioAggregate exhibit biologi-
cal activity that includes an alkaline pH (pH > 12), high
calcium-ion release, and hydroxyapatite formation. In ad-
dition, BioAggregate’s tantalum oxide content contributes
to antimicrobial activity. Such activity helps prevent fail-
ures in pulpal and endodontic treatments in cases involv-
ing coronal and apical leakage of microorganisms [16].

In this manuscript, we have shown eight different uses
of BioAggregate that achieved successful long-term out-
comes. 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 bioc-
eramics from root canals and that this requires further
dismantling of the canal filler. The need for this proce-
dure 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 proper-
ties and performance.

In conclusion, BioAggregate could be used as an al-
ternative material in many clinical dental treatments. Its
biocompatibility, antibacterial properties, hardening in
the presence of moisture, ideal expansion percentage, im-
permeability and dentine adhesion features provide the
described advantages in clinical uses.
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MpumeHa KNAMHUYKKUX Broarperata y CTOMaToN0rMju — NPMKa3 601eCHUKA

Ceunn YanuwkaHr, Hypaj Tynorny, Lyne bajpak

YHuBep3uteT OcMaHrasu y Eckuiwexupy, Cromatonolwku dakynteT, [naBHO oferbetbe 3a Aeujy ctomatonorujy, Eckuwexup, Typcka

CAMETAK

YBop buoarperar (BioAggregate) Ha 6a3u Kanumujym-cunmkara,
Be/INYMHE HaHOYeCTULa, MPOMN3BEAEH je Kao anTepHaT/BHa Ba-
pvijaHTa MMHEpanHor TpMoKcuAHor arperata. Cagpu agutriee
Kao LWTO Cy Kanuujym-pocdat v cunmumjym-anoKCua, anv He
cappXu anyMUHUjyM-OKCUA 1 6U3MYT-OKCKA. VicTpaximBatba
cy nokasana fia buoarperat ocno6aha joHe Kanuumjyma Koju cy
OTMOPHWU Ha NIOM/bEHbE U KNCENVHY, 61IOKOMNATUOWIHY Cy 1
HenponycT/byuBY, 3a PasfiuKy Of CBOjCTaBa MUHepPasHOT Tpu-
OKCW[HOT arperara.

Mpuka3s 60necHnKa Y 0BOM UniaHKy UCMUTYjeMO OCaM NpUKasa
6onecHrka. OBy cnyyajeBu objaLlikbaBajy AyropoyHe pesynrare
ynoTpebe broarperata y noapyyjuma Kao WTo cy nyanotomuja
1 leyerbe KOPEHCKIUX KaHara MPUMapHYIX 1 TPajHUX 3y6a, aenu-
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MMWYHa NyNNoTOMIja, yMeTHa anuKanHa bapujepcka CTpyKTypa
TpajHuWx 3y6a, NonpaB/bakbe pecopruyje KOpeHa v eyetrse dens
in dente.

3akrpyyak Kao LTo ce BUAM 113 OBAe NperniefiaHnx cyyajeBa,
Buroarperat ce Moxe KOPUCTUTUI Kao anTepHaTUBHY MaTepujasn
MVIHEepPasIHOM TPUOKCVAHOM arperaTy y MHOMIM CTOMaTOJIOLL-
KM TpeTmaHrma. OBM U3BeLLTaju Takohe nokasyjy fa 6uo-
KOMMaTUOWIHOCT, aHTUOaKTePUjCKa CBOjCTBa, CTBPAbaBake Y
B/IA>KHOM OKpPY»Kehby, nfeaniaH NoCToTak CBOjCTaBa eKCrnaH3vje,
HenponycT1BOCTM 1 NPOTETCKOr aAXe3MnjCKOT CBOjCTBA NPY»Kajy
NPeAHOCTA Y KIMHUYKO]j MPUMEHMN.

Kl'by‘lHe peun: nynnoli/lja; Nnevyerbe KOPEHCKNX KaHaa; bro-
arperar BeJinvynHe HaHo4YeCTnUa; KaJ'ILlI/ijM-CVIJ'IVIKaT
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