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SUMMARY

The objective of this study was to investigate
bone response after implantation of MTA (Mine-
ral Trioxide Aggregate) in the rabbit mandible.

Experiments were carried out on the right
mandibular body of 8 adult male rabbits. The
animals were divided into two groups (control
group and test group). In this in vivo study, MTA
was used as an interpositional graft material in
critical-size bone defects of rabbit mandibles.
The animals were sacrificed on day 30 after sur-
gery. The samples obtained from the mandibles
were subjected to histological procedures, which
permitted the collection of sections with a thick-
ness of 60+10um. The sections were stained with
Haematoxylin and Eosin and Goldner Trichrome
stain and examined under a light microscope.

No important inflammatory reactions were
detected in any of the samples of the treated
group. The results confirm the excellent biocom-
patibility of MTA. The implantation of MTA in
bone defects led to bone regeneration 4 weeks
after surgery. However, the growth rate was not
significant and the amount of newly formed bone
was limited with the use of MTA in this specific
application. Sample examination did not suggest
complete evidence of new bone growth from eit-
her an inductive or conductive perspective.
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INTRODUCTION

Mineral Trioxide Aggregate (MTA) is widely used
in several dental applications such us periapical
surgery, repairment of root perforations, direct
pulp capping and repairment of internal resorp-
tions (Pitt Ford et al., 1995; Arens and Torabine-
jad, 1996; Torabinejad and Chivian, 1999; Eidel-
man et al., 2001).

In 1993, MTA was introduced as an apical
filling material (Torabinejad et al., 1993; Lee et al.,
1993) and in vitro studies have demonstrated its
capacity to stimulate cytokine release and inter-
leukin production from bone cells, indicating that
this material may actively promote hard tissue
formation (Koh et al., 1995; 1997; 1998). Several
authors have suggested that MTA may be the
ideal material for use on bone because it is the
only material that consistently allows overgrowth
for the “cementum-like” and “bone-like” tissues
and may facilitate the regeneration of periodon-
tal fibres (Schwarz et al., 1999). MTA has been
successfully studied in animals and was found to
present good biocompatibility when implanted in
bone tissue (Torabinejad et al. 1995a; 1997). The
results reported with the use of MTA referring to
the capacity to induce new bone formation in
humans led us to investigate its potential as an
osseous regenerative biomaterial.

The purpose of this study was to investigate
bone repair around the MTA material in the man-
dibles of rabbits because this material was found
to be biocompatible and appears to have oste-
oinductive capacities.
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MATERIALS AND METHODS

MTA (Mineral Trioxide Aggregate)

MTA (ProRoot™; Dentsply/ Tulsa Dental™,
Tulsa OK, USA) powder consists of fine hydrop-
hilic particles and its principle compounds are
tricalcium silicate, tricalcium oxide, and silicate
oxide. Additionally, there are small amounts of
other mineral oxides that are responsible for the
chemical and physical properties of this material
(Torabinejad et al., 1995b). The presence of bis-
muth oxide powder makes the material radiopa-
que and when the material is hydrated it beco-
mes a colloidal gel (Schwarz et al., 1999).

Surgical Technique

The studies on animals were carried out in
accordance with the guidelines laid down by the
European Communities Directives (86/609/EEC-
24/11/1986). At all stages of animal manipula-
tion, special care was taken to minimize the
injury, pain and discomfort of the animals.

Eight healthy 3-month old adult male New
Zealand rabbits weighing approximately 2.3 +/-
0.5 Kg were used. The animals were divided
equally into two groups according to the treat-
ment received. The hair on the skin around the
mandible and neck regions of the rabbits was
shaved and the skin scrubbed with Betadine™
(Viatris Pharmaceuticals™ S.A.U.) to induce
asepsis and disinfection. The animals were ana-
esthetized with an intraperitoneal injection of
10mg/2ml Diazepam™ (Lab. Roche™ S.A.,
Spain) and Ketamine™ (Parke Davis™, Lab.,
Spain) at a dose of 1.5 mg/Kg per body weight,
supplemented with local infiltration of 2% Lido-
caine with 1:50,000 adrenaline. Subsequently,
the animals were transferred to a surgical table
and the mandibular body was exposed through
a submandibular 2-cm long skin incision perfor-
med on the mandibular border. The soft tissues
of the mandible were separated and the bone of
mandible was exposed using blunt dissection. A
bone defect was drilled into the right mandibu-
lar body of each animal using a round bur
mounted on a slow-speed handpiece with conti-
nuous application of sterile saline solution. All
the bone defects were approximately Smm in
diameter for the purpose of obtaining the critical
size defect (Hollinger and Kleinschmidt, 1990).
Extreme precaution was taken to avoid perfora-
tion of the lingual cortex of the mandible. The
MTA was mixed according to the manufacturer’s
instructions and placed into the drilled defects of
one group of animals (the treated group) and in
the control group the bone defects created were
left to heal naturally without any kind of mate-
rial. The masseter muscle was placed over the
defect, flaps were repositioned and sutured by
layers, and the skin was closed by means of inte-
rrupted sutures. The animals were tagged so that

they could be identified and they received a
course of intra-muscular antibiotic and analge-
sic/anti-inflammatory therapy to reduce pain and
the risk of infection. Primary healing was obtai-
ned in all animals and they gained weight in a
normal way during the experimental period.

The rabbits were sacrificed on day 30 after
surgery with an intra-peritoneal overdose of Pen-
tobarbital® (Pentotal R sodium, Abbott Lab. S.A.,
Spain). At the time of sacrifice, the mandible was
disarticulated and sectioned at the symphisis.

The graft was examined macroscopically and
tested for mobility and location. Radiographs of
the mandibles were taken to localize the mate-
rial implanted before sectioning.

Histological procedures

Once the mandibles had been removed,
block sections of the implanted material with
their surrounding tissues were immersed in 4%
buffered formalin solution at pH 7.4 for 24 hours
for fixation. Subsequently, specimens were
dehydrated in a graded series of alcohol solu-
tions for 48 hours, with a final soaking in 100%
ethanol for six days. The samples were embed-
ded in hard methyl methacrylate resin and were
cut perpendicular to the external mandibular
surface. Blocks of resin were sectioned using
hard-tissue cutting equipment (Accutom™,
Struers) to a thickness of 180+30 pm, and ground
in a grinding machine (DIAP-8™ Struers) to a
thickness of 60+10 um. Then, the samples were
stained with Hematoxylin (Harris Hematoxylin
Acidified Shandon Sci™. Ltd, UK) and Eosin
(Eosin Y, Shandon Sci™. Ltd, UK), and Goldner
Trichrome for histological examination under the
light microscope (Leica™ LB30T, Germany)
which was connected to a video camera (Don-
pisha™ 3CCD, Sony™, Japan) through a compu-
ter-based system (Leica™ Q500I1W, Germany).

REsuLTS

None of the samples studied presented signs of
severe adverse reactions. The bone defect con-
trol demonstrated normal healing, with little new
bone formation (Figs. 1 and 2). In the treated
group, histological examination revealed the
presence of a dense fibrous connective layer
around the material (Fig. 3). Almost none or a
slight inflammatory reaction was noticed in the
adjacent tissues. The bone-defects implanted
with MTA were full of particles, although some
particles had migrated into the masseter muscle.
It was common to find some particles of the
material in the defect. Figure 4 illustrates an area
where early osteoid formation can be seen to be
associated with MTA particles. Histological exa-
mination revealed that the grafts were surroun-
ded by a thin fibrous layer in all cases.
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Fig. 1.- In the control group, little bone formation (BF) was
observed. H+E, (x 50, bar=100 pm).

Fig. 3.- Note the presence of MTA particles (MTA) in direct
contact with the bone (Bo). H+E, (x 50, bar=100 pm).

DiscussioNn

The model for testing bone repair or regenera-
tion materials has frequently been the tibia of
small animals (Olsen et al., 1994; Olsson et al.,
1981). The mandible bone has been tested less
(Bhambhani and Bolanos, 1993) despite being
recommended for testing endodontic materials
since root-filling cements are placed in intima-
te contact with perirradicular tissues (Torabi-
nejad et al., 1995¢; 1998). MTA is a new mate-
rial developed for endodontic use that has
significant improvements over other materials
used for procedures in bone tissues (Schwarz
et al., 1999). In addition to endodontic appli-
cations, MTA may also have other clinical uses.
The present study is a preliminary report on
the use of MTA as a possible bone substitute
and further studies are needed to ascertain this
possible application. An interesting clinical
question is whether MTA can be used together
with bone-grafting techniques: for example, if
a tooth perforation has caused an infra-osseous
periodontal defect, the perforation could be
repaired with MTA while assuming treatment
of the bone defect.

Fig. 2.- Note normal healing, with litle new bone formation
(BF). Goldner Trichrome, (x 50, bar=100 pm).

Fig. 4.- Bone regeneration (BR) was observed in contact with the
internal layer of the material. Goldner Trichrome, (x 50,
bar=100 pm).

Another aspect we considered in this study
was the type of bone implantation used. Displa-
cement of the MTA to the surrounding tissues
occurs with this type of intraosseous implanta-
tion since it is a complex and time-consuming
technique (Friend and Browne, 1969). We did
not use Teflon tubes or silicone tubes as a vehi-
cle to carry MTA into the prepared bone defects
because the presence of inflammatory cells in
the histological preparations is caused more by
the properties of the vehicle material than the
cytotoxicity of the material tested (Olsson et al.,
1981; Bhambhani and Bolanos, 1993). Despite
the technical difficulties, we used this technique
in mandibles since it represents a more realistic
approach. The only premise to test a new mate-
rial must be that it must be in contact with osse-
ous tissue. Previous histological findings revea-
led that the application of MTA as a apical filling
material does not prevent the regeneration of
dental and osseous tissues and may produce
cementoid formation on MTA (Torabinejad et al.,
1995a). However, one of the most interesting
aspects of this study was the failure to note any
significant increase in the amount of bone asso-
ciated with MTA. With current emphasis on the
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importance of cortical penetration to stimulate
bone formation or at least to facilitate osteocon-
duction (Majzoub et al., 1999), the failure to note
more widespread osteogenesis in any animals of
our series suggests that additional criteria are
necessary to support the osteoconductivity of
MTA, which might include longer-term studies.
There are a number of factors that must be con-
sidered prior to drawing any definitive conclu-
sions from the results reported. Essentially, in
order to conclude that the particles exhibited
osteoconductive potential, the characteristic his-
tological presentation of osteoblastic and osteo-
clastic activity should have been present.

MTA has been shown to be biocompatible in
several reports, including the present study
(Bhambhani and Bolanos, 1993; Kettering, 1995;
Torabinejadet al., 1995d). The ideal bone substi-
tute should be biocompatible, osteoinductive or
at least osteoconductive, and should have satis-
factory mechanical properties. Among inorganic
materials, calcium salts were the first implants to
be successfully used in clinical practice. They
have the advantage of simulating the human
mineral bone phase and they do not elicit any
immune response because they do not contain
living cells or any organic matrix. Calcium and
phosphorous ions are the main ions present in
the composition of MTA. MTA may prove to be
biocompatible when used in contact with osse-
ous cells and hard tissues because these ions are
also the principal components of these tissues
(Koh et al., 1998; Mitchell et al., 1999). Thus,
when MTA was used as a apical filling material,
fibrous connective tissue and thin layers of hard
tissue formed in direct contact with it (Regan et
al., 2002; Economides et al., 2003). The forma-
tion of cementum and periodontal ligament
fibres was also observed on its surface (Torabi-
nejad et al., 1995a; 1997). Although MTA has
been used as an apical plug (Torabinejad et al.,
1999), an extensive search of literature perfor-
med for this study no evidence was found rela-
ting MTA to a bone substitute. In addition, MTA
has proned to be useful in many clinical situa-
tions (Schwarz et al., 1999). In fact, the pattern
of healing adjacent to MTA, characterized by the
almost complete absence of inflammation, toget-
her with a greater incidence of hard tissue for-
mation against the MTA implants, supports the
investigation of this material as a bone repair
material (Bhambhani and Bolanos, 1993). Our
histological study demonstrated none or minimal
inflammatory reaction of MTA implanted in
bone. This factor may be an advantage in the cli-
nical use of MTA as a bone substitute in small
bone defects, despite the fact that its handling
properties are not ideal. MTA can be difficult to
place and compact in bone defects. In practical
terms, it does not present the ideal handling pro-
perties essential in a bone repair material.

The results of the present study confirm the
excellent tissue biocompatibility of MTA allowing
us to conclude that the implantation of this mate-
rial, in critical-size bone defects, results in bone
regeneration, although not at a considerable
growth rate. The results of this study also
demonstrate the osteoinductive capacities of MTA.
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