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NanoBone® leads you to the goal

An ideal bone grafting material couples the biodegradation on the new bone
structure. That’s only possible, when the bone grafting material takes part in
the structuring and degradation of the bone — while remodelling. This bone
graft must be degraded by osteoclasts.

NanoBone® leads you to this goal.

A granule grain in three resolutions

O It is possible to maintain a very loose [ The microscopic structure of the gra- [ The transmission electron microscopic
packing due to the fir cone shape nule grain can be identified with higher picture shows the nanocrystalline
(scanning electron microscopic image) magpnification hydroxyapatite with the nanopores

(scanning electron microscopic image)

Special features of NanoBone®

m Osteoinductive* ®m Absorbs natural body produced

) proteins into the nanopores
m Fully synthetic

) m Degradation by osteoclasts
= Not sintered

m Silica is an important structure

= Highly porous material for collagen and bones

= .Nanostructured m \Very good processability

Q artoss ® No ionic solution products

*NanoBone®, wich is implanted in Goettinger minipigs in the subcutaneous adipose tissue, is transformed into macroscopic bone tissue after 8 months.



NanoBone®
A product of Nanotechnology .

The particulars: Nanotechnology

Equal chemical composition behave differently due to a diverse physical
structure. Because of the nanostructure of the material, new properties with
equal chemical composition will be developed.

The intelligent structure:
camouflage by body produced proteins

The smaller the particle is, the larger the surface area is in volume. Nano-
Bone® uses this fact. The nanocrystallites show a loose microstructure: na-
nopores are situated between the crystallites. This material structure will be
completed by pores in the micrometer area. By doing this process, a rough W Osteoclasts in a lacuna during the decomposi-
surface area is formed on the boundary layer between the biomaterial and tion of the NanoBone®

cell, which is very important for fast cell growth. Porosity values of around

60 % can be found in both, the nano- and the micrometer pores. All pores
are interconnecting, i. e. by contacting the patient’s blood, body produced
substances merge into the pores.

Because the cells are too big for the small pores, blood plasma containing all
the important proteins is attained in the interstices.

The surface of the pores — also of the nanopores — is modified in such a way,
that it literally “hangs on” to the proteins. This is to be carried out by silica
molecules — a compound, which is of most importance.

From the porosity to the nanometer range, NanoBone® mainly acts as a

surface on which proteins can configure. That’s why the cells recognise it as
body*s own material B Osteoblasts on a NanoBone®-surface

Nature and nanostructures

The lotus effect: A role model for the nanostructures

In Buddhism, lotus leaves are a symbol of purity. Their beauty is nearly NanoBone® is an ideal nano-
impossible to tarnish. This lotus effect is due to a very effectively struc- structured “composite material”.
tured leaf surface in the micro- and nanometer range. The scanning Itis an example

electron microscopic image (on the right) shows a double structured for perfection

surface, optimised on self-cleaning: By combining the microstructure in nature.

(cells) and nanostructure (wax crystals) contact areas will be minimized We apply this

and dirt can not adhere to the surface. knowledge

in NanoBone®.
Other living creatures show interesting nanostructures. Diatoms
have hulls of silica, which are structured into the nanometer
range. Sponges have a skeleton made of needles from silica,
which are also structured into the nanometer range.

B Lotus leaf

M Diatom B Sponge
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Bones: a living organ

B Compacta and spongiosa in
schematic presentation

As stroma bones consist mainly of calcium phosphate and the protein collagen.
The bones adopt different functions in the body — as a structural support for the
body and as a reservoir for important minerals.

Bone is not a reposing, dead mass, instead it is an organ, which is interfused with
blood wessels. This organ is always subjected to bone resorption and bone forma-
tion, the remodelling. Even the mature skeleton is yearly remodelled by 10 %.

The bone assimilates itself to the dominant load and obviates the fatigue of the
material while going under this permanent reconstruction. If no burden is present
the bone will be degraded.

The bone mass rapidly grows during infancy and reaches its maximum size, by
both sexes, at 30 years. During the aging process the bone mass decreases, occa-
sionally leading to osteoporosis.

Tensile strength: extra cellular matrix

B Transmission electron microscopic
image of the bone matrix

The organic components of the bone matrix is mainly formed by the collagen
type | — a fibril protein, whose molecular modules are produced by osteoblasts.
By transversely connecting the molecules tensile collagen fibrillose is developed
which passes spirally in the bone lamina.

Resistant to fracture: mineralisation of the oste

The osteoid mineralises after ten days. Thereby the hydroxyapatite
crystals are deposited between the collagen fibrils, which produce
additional hardness of the bone.

Schematic image of the bone
matrix: the hydroxyapatite

crystals are located between
the collagen fibres.







