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Among the available materials used for preimplant bone
reconstruction,autologous bone is currently the gold
standard since it does not need any resorption/substitution
process. However, it requires a graft harvested far from
the operation site, which makes the initial operation more
complicated. Furthermore, implant failure occurs frequently
when an implant is placed in a grafted area rather than
in a nongrafted site. To overcome the autograft limits,many
substitution biomaterials have been proposed. Materials
from human and animal origins have the disadvantages
of limited supply and potential risk of cross contamination.
Consequently, products of synthetic origins were developed,
among which is biphasic calcium phosphate (4BONE), an
association of hydroxyapatite (HA) and beta-tricalcium
phosphate (3-TCP). 4BONE offers great potential for bone
reconstruction since it has a chemical composition close
to that of biological bone apatites. 4BONE has already
proven its efficiency as bone substitution material in
different human clinical applications. 4BONE, the MIS label
of the MBCP ,was used for all research and posters
presented in this brochure.

In this brochure we will present an update of research and posters that have
presented the 4BONE to international congresses and meetings all over the world.
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Abstract

To overcome autograft use for dental implantation,
it is important to prevent bone loss after tooth
extraction or to restore alveolar bone level after
pathological diseases. Biphasic calcium phosphate
(BCP), a mixture of HA and B-TCP, has proven
its performance in orthopaedics, but few studies
have been reported in dentistry. We reported 5
year clinical follow-ups on bone regeneration
after immediate dental root filling. MBCP 60/40
and MBCP 20/80 are biphasic CaP intimate
mixtures of HA/TCP 60/40 and 20/80. with
interconnected macroporosity and microporosity.
Forty cases have been distributed in two groups
for alveolar pocket filling. Seven cases without
filling are used as control. X-ray at 0, 3, 6, and
12 months and than at 5 year follow-ups for some
patients were performed. In all 40 cases, radio-opacity
of the implantation area decreased over time,
indicating resorption and bone ingrowths at the
expense of the two bioceramics. No difference
in the resorption kinetics appeared on X-ray. After
1 year, the implantation area looked like physiological
bone and was maintained over time. The newly
formed bone was preserved after 5 years, contrarily
to the control cases (without filling),in which we
observed decreases of 2 to 5 mm. This study
demonstrates that immediate filling of the alveolar
pocket after tooth extraction is a preventive method
of jaw bone resorption. After another year resorption
and bone ingrowth were demonstrated for both
microporous and macroporous biphasic calcium
phosphate with two different HA/TCP ratios.

Introduction

Among the available materials used for preimplant
bone reconstruction, autologous bone is currently
the gold standard because it is a source of osseous
matrix, cells and growth-modulating molecules
[1]. However, second site surgery is required to
harvest the bone material, which makes the initial

operation more complicated. To overcome the
autograft limits, many substitution biomaterials
have been developed. Materials from human and
animal origin have the disadvantages of limited
supply and potential risk of cross- contamination[2,3].
Consequently, synthetic products were developed
[4]. Generally, biphasic calcium phosphate (BCP),
an intimate mixture of hydroxyapatite (HA) and
B-tricalcium phosphate (3-TCP) [5] or pure B-
TCP, was proposed in dentistry as a reference
for synthetic materials. BCP offers great potential
for bone reconstruction since it has a chemical
composition close to that of biological bone
apatites. Biphasic calcium phosphate has already
proven its efficiency as bone substitution material
in different human clinical applications [6-11];
however, there are only a few published clinical
studies that use on long term follow-up. Xenogratt,
such as BioOss derived from bovine bone, was
largely used in dentistry in spite of its animal
origin. BCP offers the potential for bone reconstruction
since it has a chemical composition close to that
of biologic bone apatites. The concept of an HA
and -TCP mixture (BCP) with different HA/-TCP
ratios, demonstrated the bioactivity of these
bioceramics. Subsequently, focused studies on
BCP led to a significant increase in the manufacture
and use of BCP as bone substitute material for
dental and orthopedic applications and for tissue
engineering matrix.

The aim of the present study was to asses the
MBCP™ with two different HA/TCP ratios 40/60
and 20/80 in dentistry. Five- year clinical follow-
ups report bone regeneration with immediate
filling of dental sockets.

Methods

MBCP® 60/40 and MBCP 20/80 are biphasic

CaP nanoscale mixtures of HA/TCP 60/40 and
20/80, with similar interconnected macroporosity
and microporosity (70% total porosity with 75%

of macropores of 300 to 600um and 25%.of
micropores). The 40 cases from 27 patients were
followed up after tooth extraction and immediate
socket filling. Nine males and 18 females with an
age range from 24 to 60 years were selected.
The forty cases were divided into 2 groups, one
for alveolar filling and the other for a control.
Seven cases were not filled and were selected
as controls after surgical extraction. After mucosa
preparation, the sockets were filled with granules
of 0.5 to 1 mm mixed with blood. X-rays were
taken at 0, 3, 6 and 12 months and then at 3 to
5 years. Ten biopsies were realized before
implantation and processed for histomorphometry
and micro-CT. Briefly, under local anesthesia,
biopsies were performed; using a cylindrical
trocard and irrigation 3 mm in diameter, bone
biopsies were harvested. The biopsies were fixed
in a formalin solution, dehydrated with graded
alcohol and embedded in GMMA for histological
analyses. Before a sectioning process using a
diamond saw and a hard-tissue microtome, the
blocks were analyzed with micro-CT (Skyscann
1072). On thicker sections (100um), SEM observations
using back-scattering electrons (BSE) combined
with image analysis were used for bone ingrowth
and bioceramic resorption evaluation. Light
microscopy was performed on 7 um thick sections
(Movat's pentachrome staining) and polarized
light microscopy on sections of 100um thick
without staining.

Results

For all 40 cases, radio-opacity of the implantation
area decreased over time, indicating resorption
and bone ingrowth at the expense of the two

bioceramics. No statistical difference in the kinetics
of resorption was observed on X-rays between
the two BCP ratios. After 1 year, the implantation
area looked like physiological bone and was

maintained over time. The high bone regeneration
level remained the same after 5 years. The newly
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Fig 2a. MBCP 60/40, 56 months

Fig 2b. MBCP 20/80, 36 months

Fig 2c. MBCP 20/80, 31 months























































































cell attraction, proliferation and differentiation in
the wound healing process [15, 33]. Despite all
these biological properties, the osteoinductive

potential of fibrin glue is not clearly understood.
After intramuscular implantation for 24 weeks,
mineralized bone tissue, neither exhibited cartilage
tissue nor chondrocytes. The newly formed bone
inside the MBCP/fibrin material had probably

followed the route of intramembranous ossification
[36]. Surface microstructure of the bioceramics
plays a key role in bone formation and healing
[11]. Bone formation may be due to an inflammatory
reaction produce by the local release of micro
particles from the surface of the biomaterial [37].

The degradation of the blood clot within a bone
fracture might also provoke a local inflammatory
reaction. In our study, the fibrin glue mixed with
bioceramics might also provoke a local inflammatory
reaction which promotes the proliferation and
differentiation of mesenchymal stem cells to form
bone tissue [38]. Vascularization is also considered
to be a crucial step in osteogenesis.Several
studies have reported the benefits of fibrin glue
onto wound healing and even osteogenesis [39,
40]. In the present study, blood vessels were
observed both macroscopically and histologically
(data not shown). The blood vessels were observed
in between the MBCP ceramic granules and
near mineralized bone tissue. Nevertheless the
results of these works have not made it possible
to drawconclusions about the effect of fibrin glue
on bone formation in ectopic sites. In fact, the
fibrin clot degraded within two weeks whereas
newly formed bone is usually observed after 6-
12 weeks in muscles [22, 41]. Fibrin glue component
(fibrinogen, thrombin, fibronectin) may act just
after implantation in the early stage of ectopic
bone formation [42]. The fibrin glue also form
a similar blood clot as it observed after a bone
fracture. Degradation of this clot generally occurred
in a few days [34]. The products of degradation
and the macrophagic cells involved in this
pathway allow the recruitment of many cell
populations, like osteoprogenitor cells, in the
bone fracture site. A neo vascularisation process
occurred in the bone defect while an abundant

extra cellular matrix is produced by the osteoblastic
cells and mineralized in a second time. This
woven bone is involved in the process of bone
turn over and remodelled by the synergistic
action of osteoblastic and osteoclastic cells
according to the Wolff's law [35].

With these MBCP/fibrin composites, we attempted
to induce bone formation in the muscle of sheep
and to mimic the bone healing process of fractures.
In the rabbit experiment, combination between
fibrin glue and bioceramic was performed whether
by direct mixing or by a sequential application
of the fibrin glue component These two associations
aimed to show the influence of the adsorption
of thrombin onto the MBCP granules on the
mechanical and osteogenic properties of the
composite material. Bone healing was observed
after implantation of both materials in a rabbit
bone defect. As shown in Fig. 5, for both materials,
after an initial bone growth, the quantity of newly
formed bone reached a plateau and finally
increased. The plateau may correspond to the
period of remodelling process occurred between
3 and 12 weeks. Slight differences are observed
in bone quantity with implantation time between
the materials. Bone remodelling process seems
to be observed after 6 weeks of implantation,
the group of MBCP/fibrin glue mixed sequentially
while MBCP/fibrin direct mixing material produced
later bone remodelling, between 6 and 12 weeks.
These differences in the bone healing process
can be explained by the different osteogenic
properties of each composite material. This delay
may also explain the difference in mechanical
strength observed for the two composite materials
after 6 weeks of implantation (Table 2). At this
time, The MBCP/fibrin glue direct mixing material
exhibits a better mechanical strength than the
sequential one. A good correlation was therefore
observed between the quantity of bone and the
mechanical strength in the material-filled femoral
defects. The difference of mechanical strength
between these two composite materials could
be also explained by their mode of preparation:
direct or sequential mixing method. In the first
process, the three main components of the

Fig. 4
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composite material, fibrinogen, thrombin and
MBCP granules, were simultaneously mixed. In
the second one, thrombin component was first
adsorbed onto the surface of MBCP granules
and then mixed with fibrinogen. Qualitatively, we
noticed that the direct mixing provided better
initial strength for the MBCP/fibrin glue composites
than the sequential mixing. The direct mixing
association of the three components may lead
to the formation of a 3 dimensional network of
fibrin fibres in which the granules are fully
incorporated. By using the sequential mixing
association, the network formation appeared
with different biophysical properties. The network
may be weaker with diffuse fibres into the
composite than for the direct mixing method.

Conclusion

The osteogenic property of MBCP/fibrin glue
composite materials was studied using two
animal models, intramuscularly in sheep and
intraosseously in rabbits using a critical sized
bone defect. Bone tissue had formed ectopically
in contact with the surface of the ceramic after
24 weeks. The newly formed bone appeared
well-mineralized, forming trabeculae between
the granules, and had characteristics similar to
those of cancellous bone. Bone growth in the
femoral defects of rabbits filled with the MBCP/fibrin
materials increased with implantation time. The
newly formed bone was in direct contact with
the MBCP granules and progressed centripetally.
The sequential mixing of the fibrin components
seemed to initiate an early bone remodeling but
resulted in poor mechanical properties for the
bone defect filled with the MBCP/fibrin glue
composite. In summary, these MBCP/fibrin
composite materials exhibited interesting biological
and mechanical properties for filling large bone
defect. These composites may also be used in
combination of bone marrow cells for bone tissue
engineering applications.

BSE micrographs of the different MBCP/fibrin materials after 3 (a, €),
6 (b, ), 12(c, g) and 24 (d, h) weeks of implantation. The MBCP/fibrin
direct mixing group (a, b, ¢, d) and MBCP/fibrin sequential mixing
group (e, f, g, h). Newly bone was formed between the MBCP granules
from the edge towards the centre of the defect. (White: MBCP granules,
gray: bone and black: connective tissue)
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Fig. 5

Bone growth in the two different materials after 3, 6, 12
and 24 weeks of implantation into critical sized defects
in the femoral epiphysis of rabbits. For the SEM technique,
bone growth was expressed as a percentage by dividing
the surface of the bone by the surface of the empty
space. For the UCT technique, the percentage of bone
was obtained by dividing the volume of bone by the
empty volume.

Table 2

Micro indentation testing of the different MBCP/fibrin materials
after implantation for 6 weeks in rabbit femoral epiphyses. Mechanical
testing of trabecular bone was used for comparison.

Penetration Hadness
Materials depth @m) (N/mm?)
Trabecular bone 4.8+1 09 180.7:64
(n=40)
MBCP/fibrin (direct mix,) 9724 118.6+60.6
(n=20)
MBCP/fibrin (sequential mix.) 536+114 211

(n=20)
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