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ABSTRACT

This research work is devoted to the development of an innovative
type of dental implant, with a surface as close as possible to bone
tissue. The aim of our work was to create a prototype dental implant
with a bioactive coating based on a synthetic complex with the most
important biogenic elements that are actively involved in the
biochemical processes of bone tissue regeneration, which should
have a positive effect on the reparative regeneration of the bone
tissue peri-implantation zone. After that the spectral analysis of
prepared bone tissue’s sample was conducted with the usage of the
IK Fourier HITACHI TM 3000 spectrometer. After the completion of
research and developments we elaborated and developed models of
dental implants with bioactive covering on the basis of synthetic
complex supplemented by biogenic elements approximate as much
as possible to the composition and structure to the bone tissue what
will influence in positive way the reparative regeneration of bone

INTRODUCTION

Before the beginning of this work the meticulous analysis of
Russian and foreign sources was conducted where works of
scientists involved with experimental and clinical researches
in different areas of medicine dedicated to biological
processes in bone tissue such as physiological and reparative
were published [1, 5, 12, 13, 14, 19, 20].

Nowadays the high ability for osteo-integration is considered
to be the most important feature that dental implants must
possess [5, 8, 9, 12].

Per-Ingvar Branemark has become the first scientist to reveal
bioinert features of titanium but time and technology move
forward too [15]. Nowadays the tendency is determined that
even if the implant is made of bioinert titanium alloy of
medical purpose mark BT-6, bone tissue will react to the
damage of bone tissue integrity by this implant all the same
aggressively. Frequenly problems the above mentioned
problems can be found among patients with lower bone’s
mineral density i.e. in cases of osteoporosis [16].

During the process of implantation in cases of stomatological
practice the great number of different dental implants is used
and they are successful in the majority of cases of patients
with normal bone tissue structure though unsatisfactory
results of the treatment are awaited. But due to the high
prevalence of such disease as the osteoporosis in the whole
world standard dental implants don’t always help to achieve
of the good result of patient’s treatment.

As a result of this many scientists actively search for new
kinds of implants. Different ways of improvement are offered
such as a new design, new type of screw-thread, the
roughness of implant’s covering, but all of this doesn’t solve
the problem of aseptic instability and further loosening and
migration of implanted endoprosthetics in early and further
post implant period.

The analysis has determined the problem of durable fixation
of dental implants in further post operational period. The
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tissue around the implanted endoprosthetics and the formation of
durable bone-metallic unit in the “implant-bone” contact, and
consequently it has to provide the stability of set implants in the post-
operational period.
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reason of it is frequently the problem of affinity between
implant and bone and more specifically the interaction of
implant-bone contact that can be described as “own-alien”,
including the basis of osteopenic syndrome and more often
among patients of senile and old age.

The bioactive interlayer on the surface of dental implant is
necessary for the increase of biocompatibility to be made in
form of synthetic covering being similar in its constitution
and structure to bone tissue which will allow the decrease
organism’s reaction to the alien structure and the affinity to
surrounding tissues.

It is also necessary to understand that the alienness is
determined by the chemical element composition. Chemical
composition of bone tissue is represented by such
microelements as calcium and phosphorus that represent
themselves the basis and also by other chemical elements
such as microelements and ultra-microelements.

The scientific basis of analysis of biological role of chemical
elements was established by the academic V. I. Vernadsky.
The further study of biological role of chemical elements was
contintued by A.P. Vinogradov, V.V. Kovalsky and other
scientists [2, 3, 4, 6, 7, 10].

GOAL

To increase the affinity of the surface of dental implant’s
surface with bone tissue by the by the modification of its
structure and by the way of synthetic complex application
supplemented with important biogenic elements.

MATERIALS AND METHODS

The preparation of synthetic complex, supplemented by
biogenic elements takes place by the following way in the
beforehand prepared solution of certified chemical
compounds in molar ratio:

Ca-1.67,P-1,Mg-1.2x10% F - 1.1x10°.
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Acid-alkalic environment of the solution is sustained in the
range of pH numbers 7,2-7,4, which matches physiological
values.

Then evaporation of the solution in the porcellaneous cup
takes place at a temperature of 35 - 55 °C with the avoiding
of severe differentials.

The connective component (plastificator) is included in the
obtained product such as carboxymethyl cellulose, for
example, or polyvinyl spirit or hydromethyl cellulose or
glycerin or methylcellulose. The content of connective
component is 5-25% by mass above 100%. The mixtures is
being tempered at the 650-900 °C temperature. The
temperature above 1200 °C leads to the melting of calcium
phosphate. The obtained product is grinded in orbicular mill
to the formation of micro- and nano- particles. Particles
obtained after the grinding process represent themselves
incorrect spherical forms or crystalloid forms that will be
afterwards used to provide the maximum affinity to the bone
tissue structure.

The fluorine microelement is included into the prepared
pulverulent macro elemental complex by the way of

interfusion in the orbicular mill to the formation of
homogenous mass.

By this way the synthetic complex is prepared with molar
ration of elements being: Ca - 1.67, P - 1, Mg - 1.2x10? F -
1.1x10%.

Ca10(PO4)s(OH)2, CaCO3 were taken as a calcium in the
preparation of synthetic complex. Magnum was used in the
form of magnesium carbonate MgCOs or Mg(OH). or
Mgs(POs).. CaF: was used for the fluorine usage.
Carboxymethyl cellulose or polyvinyl spirit or hydromethyl
cellulose or glycerin or methylcellulose could be used as the
intermedium.

The mineral composition of bone tissue area has been
researched with the usage of spectral analysis. Bone tissue was
obtained from the femur’s capitulum during the treatment of
two patients with the diagnosis of deforming hip joint
arthrosis of 3" degree by the method of total endoprosthetics.
Such method of bone tissue sampling is performed with the
patient’s agreement and it is legally competent.

Figure 1. Photo. Quorum Q150 ES Vacuum Post and Process Preparation of a procedure for spraying a conductive layer
with a piece of bone tissue to form a conductive layer and further study in an IR spectrometer.

The spectral analyses was performed in scientific-research
laboratory of Earth Cryosphere Institute, Tyumen Scientific
Centre SB RAS due to the fact that the spectral analysis itself
can be performed only in the presence at this object of
metallic substrate, which is necessary for the reflection.

The research of every type of covering on the titanium
implants is possible. But the conduction of bone tissue area
analysis can’t be performed without the preliminary
preparation. The preparation of wet bone material by the
method of drying and spraying of golden dust on its surface
is required. That will allow the necessary moment of
reflection and will give the possibility to conduct the required
spectral analysis of the bone material.

The turbomolecular pumped coater - Quorum Q150 ES is
used during the conduction of dehydration and production
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of biological wet preparations for the analysis on
spectrometer. The work of the coater is presented by the
deletion (displacement) of H.O and water vapor with the
application of carbon dioxide whereupon the drying by
carbon dioxide takes place.

This procedure is performed in the condition of high vacuum
and, being sparing, ensures the preservation of fragile
samples, preparing them to the spraying of conductive layer.
At the moment of drying process completion the researched
object is set in the facility for the conductive layer spraying.
After that the spectral analysis of prepared bone tissue’s
sample was conducted with the usage of the IK Fourier
HITACHI TM 3000 spectrometer.
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Figure 2. The result of the deposition of a conductive layer on the surface of the bone tissue

During the spectral analysis evaluation of two samples of
bone tissue thr conclusion can be made that there is nothing
standardized. Every man is individual and consequently, as it
was mentioned above, the bone tissue is the depot for
microelements and their quantity is different in cases of
different patients. But in spite of this the composition of

determined biogenic elements is identical and their quantity
is just about the same. Macroelements of calcium,
phosphorus and magnum have been detected. Such method
allows the determination of the presence of chemical
elements more than 10, But the presence of fluorine has
been revealed by the routine method.

HITACHI

Figure 3. Stage of installation of the stage with an experimental titanium implant with the Bioactive Covering on the Basis of
Synthetic Complex with Biogenic Elements
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Further we used more widespread and economically
profitable electrochemical method in our work or, how it is
more commonly known, method of microarc oxidation
(MAO) in water electrolyte solutions. It has gotten wide
spread lately as the method of application of bioactive
calcium-phosphate coverings to the titanium surface.
Titanium has been chosen not accidentally. It was recognized
as the bioinert and accessible metal. The formation of
covering is connected with the conduction of high-
temperature processes in the area of local microarc
discharges under the influence of external source of high
voltage and it occurs due to the oxidation of the basic material
and also due to the transfer into the covering of
ultradispersed phase located in the electrolyte. Coverings
received by this method possess good specter of physical and
chemical features such as high corrosive durability, wear

resistance, strength and chemical sustainability in aggressive
environment [5, 8, 11].

In our work we have conducted the elaboration of the
application method to titanium implants that begins with the
application of covering to the titanium substrate [18]. The
convenience of experimental titanium substrate sizes used for
application, analysis of structure and durability of covering’s
adhesion to the implant’s surface, is very important in the
experiment’s conduction.

RESULTS AND DISCUSSION

The presence of the most important macroelements such as
calcium, fluorine and magnum in bone composition was
confirmed by the results of performed microscopy and
spectral microanalysis.

L

TM3000_7548

Analogically the elemental composition of synthetic
covering on the experimental dental implants was analyzed.
As a result of performed spectral analysis analogical
correlation of elements in the bone tissue composition was
detected as well as on the experimental dental implants
coverings.

The important moment is the necessity of reflection of
vibrations in stoichiometric correlation of calcium to
phosphorus with the meaning of 1,67 in the synthetic
complex on the basis of calcium and phosphorus and
supplemented by the biogenic elements. But after the
application of such complex to titanium implants these
meanings begin from 0,5 and reach 1,33. Everything
depends on parameters and settings of electro chemical
facility during the application to implants.

After the performed analysis and elaboration of electro
chemical way of application of bioactive covering to the
surface of titanium implants, the author’s methodic was
standardized by wus that corresponds to modern
requirements and allows the control of necessary thickness,
elemental composition and covering’s structure which
features can be used in different goals and pathology. The
methodic of electric chemical method of application of
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Figure 4. Microscopic picture of the structure of the bioactive coating on an experimental titanium implant (magnification
of 30 microns).

1117 A 30 um

porous covering to titanium implants was elaborated and
standardized by us. It is the basic demand during the
establishing of small batch manufacture. Applied synthetic
covering of the titanium bars of experimental dental
implants has next parameters: thickness of it is 55-65 mkm.,
and its porousness is 10-30 mkm.

During the process of research and developments results
were systematized and that found its continuation in the
creation of the computer program: “The Program of
Biogenic Elements and Constructive Features Selection
during the Titanium Implant Development” (Biolement-
Implantat Pro). The program is intended for the selection
of biogenic chemical elements combinations that can be
used in the appliance of bioactive covering and
systematization of constructive features of developed
titanium implants. This program allows the effectuation of
elemental composition systematization of bioactive
coverage and constructive features of developed implants
[17].

The chemical basis of applied covering, the selection of
biogenic elements positively influencing the reparative
regeneration of bone tissue, the covering structure, the
variety of titanium implant, its form and screw-thread are
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all taken into account in this program. The covering
possessing high affinity to the surface of dental implants
with surrounding bone tissue by its elemental structure and
composition is one of the most important features of our
experimental dental implant. As a result of our work
necessary bhiogenic elements were determined namely
magnum and fluorine.

These elements actively participate in biochemical reactions
of difficult process of reparative regeneration of bone tissue
after mechanical trauma in the moment of dental
implantation process. After all the violation of bone structure
integrity takes place during the implantation process and
consequently it triggers the cascade of destructive processes.
It is necessary to increase the affinity between implant and
bone, interaction between which can be described as “own-
alien” in the “implant-bone” contact, to the limit for the
decrease of the destruction rate. Consequentially the
similarity in the elemental composition and structure will
allow the decrease of experimental dental implants aliennsess
and increase the affinity of dental implants with surrounding
bone tissue that can be realized with the usage of synthetic
complex on the basis of calcium and phosphorus
supplemented with biogenic elements and applied to
implants in the form of bioactive covering by the electric
chemical way.

CONCLUSION

After the completion of research and developments we
elaborated and developed models of dental implants with
bioactive covering on the basis of synthetic complex
supplemented by biogenic elements approximate as much
as possible to the composition and structure to the bone
tissue what will influence in positive way the reparative
regeneration of bone tissue around the implanted
endoprosthetics and the formation of durable bone-
metallic unit in the “implant-bone” contact, and
consequently it has to provide the stability of set implants
in the post-operational period.
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