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The application of implants with bioactive coatings will have a considerable eco-
nomical and social effect. The bony tissue regenerative abilities increase with the
absence of the body intoxication phenomena and nanopathology development is
shown in the paper. The use of innovation methods of allotransplantology makes
quick and noninvasive repair of bony structures possible.

Many nanomaterials possess unique
properties. Let us consider properties of an
any material particle sized kind of tens and
hundreds nanometers. In such a nanoparticle
compared to larger objects the percentage of
surface atoms or molecules increases in com-
parison with total atoms (molecules). It influ-
ence the given particle properties as a whole.
Electric, magnetic, mechanic and some other
properties of the material composed of such
nanoparticles are no longer constant and be-
gin depending on the size and form of the par-
ticles. Sometimes the nanostructured mate-
rials show absolutely surprising qualities,
which can find potential application in the
most various branches of science and tech-
nology, in medicine particularly.

In the Belgorod State University an
integral method of getting biocomposites
based on nanostructured titanium and its al-
loys with nanocrystalline bioactive calcium-
phosphate coatings for making medical grafts.
The presence of the coating gives the compo-
sitc bioactive properties, that improves the
graft ability to integrate with bone marrow
cells and form bony tissue at the coatings sur-
face. The coatings of nanocrystalline bone-
salt, for which an ingenious method of syn-
thesis and application to the graft surface has
been developed, is of special interest.

In connection with this, the purpose of
our research has been the study of biocompa-
tibility and regenerative processes of bony
tissue at operational interventions into bony
tissue using materials with nanocrystalline
bone-salt coatings.

Materials and methods

Model implants of nanostructured tech-
nically pure titanium of the trademark BT1-0
were produced in the form of a rod. Using the
micro-arch oxidizing method the implant was
covered with a layer of 2-5mcm thick and con-
trolled porosity titanium dioxide.

Then nanocrystalline high-purity bone-
salt [1] with layer thickness of about Smcm
was applied to the surface.

Laboratory animals (20 “V-star”-line
rats) were involved into the experiment. The
animals were divided into the following groups.
15 rats were subjected to resection craniotomy
in the right temporal region with the implanta-
tion of a nanostructured titanium graft coated
with nanocrystalline bony-salt. 5 animals made
the control group (false-operated).

The rats were given ether narcosis. Af-
ter the treatment of the operative field in asep-
tic conditions a 0,8cm length incision of soft
tissues up to the bone was made. The wound
edges were separated. In the region of the
transitory fold a widowing was performed
with an ophthalmic scalpel. The opening was
enlarged up to the graft size, ie. to
0,3x0,5cm. The implants were imbedded into
the grade without biostructures’ entrapment.
The wound was sewed tightly. The toilette
was carried out by means of brilliant green
solution. After the anaesthesia recovery the
rat is active, performs the toilette of its exter-
nal integuments. Active movement retained in
full, there were no pyramidal insufficiency
signs registered.

After the operation the rats were di-
vided into 3 groups: the regeneration study in



7 days (the 1™ group). the regeneration study
in 14 days (2), the regeneration study in 21
days (3), 45 days (4).

On the preset terms the animals were
beaten death by decapitation against the
background of etherization. For the determi-
nation of possible graft toxicity the paren-
chymal organs (liver, kidneys, lungs, heart)
were taken out for the macro-examination and
micro-histological study.

Black and grey rabbits weighing 2-2.5
kg (6)were used. 150 ml of thiopental were
administered intramuscularly as narcosis. Af-
ter sleeping phase coming-in an up to 4 cm
length incision of soft tissues was performed
in the right frontotemporal region in aseptic
conditions. The bone was skeletonized and
windowed, the opening being formed into a
square burr hole sized 1,0x1,0 cm. The defect
was substituted by a metal graft with nano-
coating. The graft was fixed in the defect by
jointing on the muscle and periosteal cover-
age. The skin was sutured. The animals were
killed in 7 and 14 days.

The bone lamella was taken out to-
gether with the graft, examined and photo-
graphed through the scanning electron micro-
scope FEI Quana 200 3D without additional
treatment. The histological materials were
colored with hematoxylin and eosin and sub-
jected to a research under the optical micro-
scope “TOPIS-T” CETL

The bone lamella was taken out to-
gether with the graft, examined and photo-
graphed through the scanning electron micro-
scope FEI Quana 200 3D without additional
treatment.

Research results

At the function study of the animals it
is evident that cognitive and mainly neuro-
physic functions are not altered. The animals
are active, vigorous in the open plain, active
movements are retained in full. There are no
changes registered on the part of the cardi-
ovascular, respiratory and digestive systems.

At the microscopic examination of the
animals it is seen that the incisions were
healed by means of primary intension. By the
21* day the traumatic defect didn’t stand out
from the general surface. It should be noted
that in the animals, having been operated us-
ing experimental implants, the vascular pat-
tern is more distinct than that of the false-
operated ones. Besides, in the experimental

animals the dura mater vessels’ frank reple-
tion in the region adjacent to the bone lamella
was defined on the 7" and 14" days.

At the submicroscopic scanning the fol-
lowing processes were described by us. So, in
7 days we observed the filling of the defect
between the retained bony tissue and the im-
planted graft with argyrophil and collage fi-
bers, which were already located on the lamel-
la itself, they filling empty spaces with their
processes in the regions with calcium-
phosphate coating (Fig. 1). When studying the
animals in 14 days, the covering of the whole
lamella from the outside with a heavy layer of
collagen and elastinic fibers occurs. The fibrob-
lasts with deviating from them collagen fibers
are seen very well. Only insignificant regions
with the calcium-phosphate coating implant
baring or fragments covered with argyrophil
fibers, as analogous to the animals killed at the
7-day regeneration stage are defined.

When  studying the  reparation
processes in 21 days, a panniculus, which is a
rough fibrous tissue represented by collagen
fibers located loosely and disorderly with the
intercellular matrix, is seen, next is a lamellar
bony tissue, wherein collagen fibers are lo-
cated in parallel rows (bone lamella), but the
orientation of the fibers in the neighboring
layers is different. The lamellar bony tissue
forms compact and spongy bone layers. The
compact layer defines the mechanical strength
of the bone and consists of lamellar bone tis-
sue, where blood vessels and nerves begin
being formed, and osteons. The spongy layer,
which is inside the bone, only starts being
formed. The lamellar bone tissue fibroblasts
with greater amount of collagen and elastinic
fibers gradually oust the cells of the osseous
system process layer: osteoblasts, osteocytes
and osteoclasts.

There is a great amount of processes,
with the help of which they make contacts
with neighboring cells, in the osteoblasts. Se-
creted by practically all the cell’s surface,
procollagen contacts actively with the nano-
coating. It should be noted that of the two
types of osteoblasts (active and inactive) their
active forms, which are responsible for the
synthesis of collagen and other proteins being
part of the organic bone matrix, deposit and
exchange of calcium and other ions, occur for
the most part.












Very few osteocytes occurred at this
stage. The tissue was not yet fully structured
and deprived of lacunes. The osteocytes
represented round shape cells with long fine
processes. The osteocytes in the basal region
contained nuclei, many mitochondria, granu-
lar endoplasmic reticulum elements, Golgi
complex. Moreover, a lamellar bone tissue
formed by bone lamellas was defined in the
preparations, it forming compact and spongy
substance in the bone.

It should be remarked that between the
first and 3-4 days the formation of a hacma-
toma in the graft place was gross observed.
Then, by the 7-14™ day together with mildly
expressed inflammation we observed the mi-
gration and proliferation of mesenchymal
cells, the formation of fibrovascular tissue
round the implant. After that the vascular in-
vasion into the graft, osteoplastic resorption
of the last and formation of a neoformed bone
on the implant’s surface took place.

At the examination of the rats in 45
days it was shown that the most part of the
lamella was substituted by the tissue analog-
ous to bone one located near the region of
trepanation. When compared, the regeneration
in rabbits occurred more quickly than that in
the rats.

At the study of the parenchymal organs
(liver, kidneys, lungs, heart) in a week after
the implant introduction mildly expressed
repletion was defined, that is indicative at the
given stage of the false-operated animal group
as well. There were no changes in 14 and 21
days registered.

Thus, the operative treatment using ti-
tanium implants with calcium-phosphate na-
nocrystalline bony-salt coatings helps better
regencration of bone tissue, the intoxication
phenomena and nanopathology development
being not found out. The use of innovation
methods of allotransplantology makes quick
and noninvasive repair of bony structures
possible.
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