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gool 5e39MmsMo Jgol 360d36gmmgsbo sEHMmmzgool
©OML  9Mdwgdgwos  0bGHGMIMLGHMmO 083w sbEo3ool
dgLEOMgds, FoMEs 530LS JSWHBYDO QIMMNYGIMOS MO~
390Mwo  33MMbsemds  dmboblbgeo s gogloMgdwo
36Hmmgbgd0l  godmygbgdom. dzwm3zsbo Juimzowol 3GHmMglio—
09050  SGHMMBoom  2dIMf3gIwo  sengzgmIMo  Jgol
mEmdol 9993060905, 335805 033wsbGo3Eools godmygbgdol
d9L5dgdMBdSL  5F30MgOL, J39s Ydol BgM3z0L IB0sBYdOL
350owo MHob3oL, 3060l OML 39ORMEMSE00LS s BYEs Ydob
LobMLOL EMOFHM3560L gogwgx30L godm.

SE3IM@YO0  JgEol  (d3ewolb  bodseEol)  sEgbs
d9L5degdg0s OGO FJOMPYOOL 98MYgbgdom, MMM SGMOL
LobMLEORBHObY0, 3EBLGHO0ZS  SMGHMAZWOM,  HEIZYMIOHVYO
dmMbol olEBHMo30mwo MbEIMygbgHo s 9.0. SE39MEMEMO
Jool 50960l @OHML  gomzswobfjobgdmwo  mbs  oyml
©IBRIJAHOL BHM3MYM R0 1530L90wMJOIOO.
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30199900l 453Mm, d3erm3560 ©IBRIJAHIOOL SOl bggmmdo,
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©96O™M3560 MXMIJOOL T53HJO53 d3eM356 JobgMeE By, LBodwy—
50905 3330 ©939PJ5Mgd0bs dzol MHgagbgMsEools 3Grmiglo.
d3eol 33060l 0gMHmzsbo  MXMEgdo  Fomo  3MEO3M—
A9I6GHOMBOL  borxDg  39b030bI6  3OIM0gBGMHEOLLS
©O0xYMIBE0MYOL. F03MMYPMIIML 3060HMIGIME Fglisdsdolbmdsdo
50bodbmwo  MxMggdo  ©oBIMYI6E0MbI6  MbEgmaabmeo
908560 9d00.

Bo@o®gdmads 33e093903s 51939 330P396s, B3 dzermzsbo
906960l (BIO-0SS) GMmobldsb@ogool dgmeg 0306 ofjygds
dobo  BoffoermdMmozo M98mEIE0Mmgds  MbEGHIMIEalGIdoms @
MbGHIMIWIBEGHIO0.

50bs60365305 , ®MI  J390s Yool IBIJEBHOL MY35M>E30YO
9396965305  800@0bsMIGMIL  EaLIMYIBMEO  MbGHIMybmEo
3bom, MMIGELSE b bsgl JOmbozmwmo 3HMEJE0Mwo
bmgds. gl ¢3bsl3bgo  0f393L  MbGgmagbgBols o
mbGHI@oHBoLboL  3OMEILYOOL 39O 0bo30MYOSL,
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050503l (BIO-0SS)-0,  6mIol  4Mmsbmangdo  sbigangdgb
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dol  BOELL. 53539 O™ M9a9abgMsEgoMmo  3OMmEgLgdo
Lodwegdsls 0dengzs 53 3965L369wol d9dsbozmMo m30L9d9d0L

30BMmsdo. 5939050  Bggbo  98m33wg30l  F99a900
009009996, MHM3 dzwm3s560 ©IRBYIBHIOOL  s©Ygbol O™
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Background

At present, maxillofacial traumas are 93.3% of total injuries
(M.Singaram at all 2016). Plastic of lower jaw defects is one of the
actual issues of maxillofacial reconstructive surgery. Effectiveness of
treatment is determined by bone defect size and also by reparational
regenerative processes in bone, that often occur in infected areas,
with tissue hypoxia and microcirculation disturbances going on in
the background. In addition, the jaw bone has a very low
regenerative ability, because of the low quantity of the
hematopoietic bone marrow stem cells inside the bone. Therefore,
even partial restoration of bone tissue is a very difficult and
challenging goal.

Nowadays, many auto, allo, xeno, synthetic and biosynthetic
bone transplants exist to restore the maxillofacial bone defects. The
use of autologous bone transplants in maxillofacial surgery is
regarded as gold standard, as they have osteogenic, osteoinductve
and osteoconductive properties. However, the main negative aspect
of autologous bone transplants is the necessity of additional surgical
operation on the donor site. It has a rapid resorption ability.
Allogenic and xenogeneic bone transplants are the alternative to
auto-bone transplants. Allogenic transplants have osteoinductive and
osteoconductive properties, however, the risk of transferring various
infections increases in case of their use. As for the xenogenic
transplants they have quite high risk of transmitting zoonotic
infections and the likelihood of developing immune response.
Alloplastic transplants (polymers, biochemistry, bioactive glass and
other) are also used for restoration of maxillofacial bone defects. The

main advantages of these transplants and their positive benefits is
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biocompatibility and bio resorption, although they have weak
osteoconductive ability, low mechanical resistance and stability.

Ideal transplant must meet the following criteria: a) It must
complete the damaged bone tissue and prevent increase bone defect
size (osteoinductive function); B) material should not be
characterized by such shortcomings as the complex process of
production, low degree of degradation and anti-inflammatory
action. The use of materials should not cause such complications as
prolongation of bone healing, supuration and rejection of implanted
materials. Implanted material should promote the formation of
osteocytes and biointergration. In addition, implant should have
satisfactory biocompatibility and rapid resorption ability. All of the
above requirements are completely satisfied by the composition of
bone mineral (Bio-Oss®, Geistlich) and autologous bone marrow
derived stem cells. Bio-Oss is a natural bone mineral obtained from
bovine bone tissues. It is a mineral of high purity with
osteoconductive structure, that is obtained from a natural bone with
multi-stage purifying process. Since Bio-Oss is of a natural origin, it
is chemically and structurally compatible with human mineralized
bone (nanocrystal line structure of natural apatite).

The goal and objectives of the research

To create Bio-OSS and autologous bone marrow stem cells
composite and to use it for restoration of lower jaw defect in
experiments on animals.

To reach this goal, we set the following tasks:

- Modeling of low jaw bone defect in experimental animals;

- To receive the bone marrow stem cells and place them on the
surface of the bone mineral;

- Restoration of lower jaw defects with bone mineral;
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- Restoration of lower jaw defects with bone mineral and
autologous bone marrow derived stem cells composite;

- To determine the effectiveness of the composition of bone
mineral (BIO-OSS) with autologous bone marrow derived stem cells
in reconstruction of lower jaw bone defects, using morphological,
histological and radiography evaluation methods.

Scientific novelty of the Work

- For the first time a bioactive bone graft was created, which is
composed of bone mineral (BIO-OSS) and autologous bone marrow
stem cells.

- It has been found that bone mineral (BIO-OSS) and
autologous bone marrow stem cells composite has osteogenic,
osteoinductive and osteoconductive properties, which promote rapid
osteointegration.

- Composite of bone marrow (BIO-OSS) and autologous bone
marrow stem cells can be effectively used in maxillofacial
reconstructive surgery.

Practical values of work

Composite of bone mineral (BIO-OSS) and autologous bone
marrow stem cells can be used to fill bone defects for bone
augmentation in the following cases: augmentation / reconstruction
of alveolar ridge; Filling the socket after the tooth extraction. It can
also be used in implantology: preparation of the implant bed, to fill
the bone fragments and for sinus lifting; In periodontology: filling
bone defects; Maxillofacial surgery: reconstruction of bone defects
and restoration of large bone defects in orthopedics.

Key statements to defend:
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- Composition of bone mineral (BIO-OSS) and autologous bone
marrow stem cells has osteogenic, osteoinductive and
osteoconductive properties, which promote rapid osteointegration.

- BIO-OSS and bone marrow stem cells composition can be
effectively used in implantology, periodontology, maxillofacial
surgery and orthopedics, to restore bone defects of various sizes.

- BIO-OSS and stem cells composite is a competitive analog of
autologous bone grafts.

Research methodology

Materials and methods

For experiments were used 100 white laboratory rats of both
sexes with body mass between 200 and 250 g. Animals were provided
from Thbilisi State Medical University Vivarium. Also, 10 laboratory
brown syngenic mice of both sexes, 6 months old C57BL / 6 line,
body weight of 23-25 gr was used. 30 transgenic C57BL / 6-GFP mice
with body weight of 20-25 gr were used to obtain bone marrow stem
cells.

The use of C57BL / 6-GFP line mice was due to the presence of
green fluorescence protein that allowed us to identify the
transplanted bone marrow stem cells on the surface of the BIO-OSS
and to demonstrate their differentiation.

The C57BL / 6 and C57BL / 6-GFP mice were obtained from
the Jackson Lab (JAX-MICE, USA).

Experiments on animals were carried out by the Protocol
approved by the Animal Protection Committee. Surgical
manipulations were carried out under general anesthesia
(intraperitoneal injection of sodium etaminal, 0.5 mL / kg) and in full

compliance with all rules of aseptic and antiseptic.
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All animals (other than the C57BL / 6-GFP line, which are
donors) have a lower jaw bone defect and animals are divided into II
series:

I series animals (white laboratory rats) were divided into III
groups:

I Group animals (n = 30) were represented by the control
group and were under observation without treatment;

IT Group animals (n = 30) After lower jaw defects were created,
they were reconstructed using bone-mineral (BIO-OSS);

IIT) After the creation of the lower jaw defects of the group
animals (n = 30), defect was reconstructed by the composite from
bone mineral (BIO-OSS) and bone marrow derived stem cells;

The remaining 10 white laboratory rats were used as donors
for bone marrow cells.

IT Series animals were divided into two groups. The first group
of animals (n = 30) were represented by the C57BL / 6-GFP line mice
and were used as donors for bone marrow stem cells. In the second
group of animals (n = 10) representing the C57BL / 6 line mice
defects were modeled in the lower jaw and were remodelled with
the composit of bone mineral (BIO-OSS) and stem cells derived from
C57BL / 6-GFP line mice.

Stem cells were made in sterile conditions in laminar flow
cabinet. The lethal dose of anesthetics was administrated in animals
of this group. As soon as animal stopped breathing, alcohol was
applied on the whole body of animal and amputation of the back
extremities was done. Mesenchymal stem cells were isolated from the
femoral and tibial bone marrow of C57BL/6-GFP mice (n=30) with
body mass 20-25gr. After removing muscular tissues, bone marrow was

flushed out with 37°C 5% FBS-IMDM solution with 5 ml syringe. After
aspiration bone marrow was dissociated by mean of multiple aspiration-
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inspiration procedure with 18G needle. Received cell mass was
centrifuged for 10 minutes 300g speed. After cells were resuspended in
buffer for red cell lysis and incubated for 9 minutes. Then cells were
recentrifuged and finally resuspended in 5% FBS-IMDM solution.

The cells were divided into two parts. The first part was used
to define stem cell viabilty with Trypan-Blue. By calculating in the
Neubauer camera under an inverted microscope, we determined the
cell expenditure. While the second part of the stem cells was placed
on BIO-0OSS-bone mineral, the number of cells was 2,5 X 106.

In animals of all group, under general anesthesia animal was
placed and fixed on surgical board, hair cover was removed and skin
was treated with alcohol. 1.5-2 cm long incision was made along the
lower edge of mandible. M. Masseter was separated in a blunt manner
and the body of mandible was uncovered. With dental bur with
controlled certain rotation speed we created rounded cavity with 2mm
diameter, which was not connected to oral cavity

Selection of the area is determined by the significant strength
of the lower jaw bones and its surface area, as well as the fact that
approach is easier and the experimental animal cannot remove the
suture by itself.

The bone defect created in the first group of animals in the
first series remained without treatment, because this was the control
group.

In the second group of animals the defect is filled with BIO-
OSS bone mineral. And in the third group defect was filled with the
composit of BIO-OSS bone mineral and autologous bone marrow
derived stem cells. The reconstruction of the lower jaw defects
created by us in the second series was made with composite from
BIO-OSS bone mineral and bone marrow stem cells derived from

C57BL / 6-GFP line mice. wound was sutured in layers tightly with
sterile vicryl sutures, the wound was treated in aseptic manner with 5%
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iodine solution. The experimental animals were under surveillance in
vivarium with standard diet and life conditions. Animals were sacrificed
on 1%, 3. 6", 14", 20" 25", 30", 40", 50", 60", 90" 120", 150" and
180" days after surgery.

The object of postoperative research was the lower jaw bonne
tissues with artificially created defect. The lower jaw bone fragments
were preserved in 4% formaldehyde (pH 7.4) for 24 hours, after skin
and muscles were removed and bone was demineralized for 24 hours.
After decalcified bone was dehydrated and embedded in Paraffin. 5-7
um thick paraffin-embedded tissue sections were used for
morphological evaluation. For tissue morphological assay Hematoxylin-
Eosin staining was utilized. Samples were investigated under light
microscope and also fluorocence microscope was used. In all groups
bone defect regeneration was monitored with radiographic examinations
and Cone-beam computed tomography with Vatech device.

Results

Control group

In the first group in first days after postoperative edema of the
wound, hyperemia and soft tissue infiltration. On the third day after
surgery, direct tissue damage resulted in a strong inflammatory
response. The reduction of inflammatory reaction and damaged
tissue repair was initiated on 7th day of operation. In one animal
phlegmon was developed in the tissues around the wound. On the
14th day after surgery, in the rest of the animals scars have been
developed on the alveolar mucosa. In the same time the cavity of
defect contained necrotic masses, bone fragments and acute
inflammatory cells. The bone margin of defect was partially
demarcated with vascularized connective tissue. On 16" day in the
deep layers of bone defect wall, in the bone tissues has been observed
moderate activation of endooesseus osteogenesis. The dimensions of
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bone defect on the 20th day were reduced due to formation of young
bone tissue. On the 30th day after surgery on the periphery of the
defect was observed the formation of the immature osteogenic
fibrous tissue with ingrowth of the primitive bone tissues from the
lower jaw. Connective tissue edges were moderately infiltrated with
lymphocytes, macrophages and neutrophils, and more deep layers
were presented with mature fibrous tissues. On the edges of the
defect formation of bone tissue was accompanied by secondary
osteolysis developed in response to inflammation in the bone trauma
and regeneration zone. They were presented by remodeling of jaw
bone tissue, accompanied by osteolisys and osteosynthesis.

On 90" day defect was demarcated with osteogenic tissues with

active process of osteogenesis, high quantity of yang osseous laminas
and wide zone of new formed bone was observed.

In the same time the zonal formation of bone tissue was
expressed. The youngest structures were located superficially, while
the mature ones were located in the deeper layers. The process of
bone tissue formation was completed at the 6th month after surgery:
the defect cavity is filled with bone tissues.

Six-month X-ray studies revealed the non-clear defect contours
and perifocal inflammation. Bone tissues were non homogeneous with
cancellous structure. Dimensions of bone defect were decreased and the
defect cavity was filled with the tissues whose density was less than the
density of adjacent healthy bone. All of these above indicate the
immaturity of bone regeneration and its insufficient mineralization.
The first diagram is the process of regeneration of the lower jaw
defect in the dynamics of animals in the control group.

Thus, we can conclude that the reparative regeneration of
posttraumatic defects of bone tissue in this group is in the form of

appositionally, directly from the edges of the defect in the form of
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desmogenic osteogenesis. On the 60th day, at the edges of defect
immature bone is observed, which indicates the lower speed of
reparational regeneration of the lower jaw bone. Reparational
regeneration of lower jaw bone defects is occurring together with
posttraumatic chronic inflammation, the expression and magnitude
of which determine the synchronization ratio of osteoreparation and
secondary osteolysis, which in turn determines the speed and degree
of regeneration of bone defects.

In the second group of animals, in the first three days after
transplantation of BIO - OSS was observed postoperative edema of
the wound, hyperemia and signs of soft tissue infiltration. In contrast
to the first group of animals, animals of this group had a deep
infiltration of soft tissue within 10 days.

2 of these 30 species of animals developed the phlegmonic
inflammation of the soft tissues that was spread on the skin. In the
remaining 28 animals signs of the inflammation slowly decreased and
completely faded on 15 days after surgery. The mucous membrane of
the wound was marked with a rough and pink scar. All the animals
in this group were accompanied by the sharp inflammation of soft
tissue with the development of macrophylic granulomas. After a
month of BIO-OSS transplantation, the defect cavity was filled with
necrotized mass of thin bone fragments, with matrix foils of BIO -
OSS and inflammatory cells. Acute inflammation, neutrophilic
infiltration, necrosis of bone tissue and osteolysis was observed on
the edges of bone defect. The number of BIO-OSS matrix fibers was
gradually decreased, but their visualization was still possible on the
60th day of observation. After two months of BIO-OSS
transplantation, the defect is completely covered with intensively

vascularized granulation tissue. In addition, granulated tissue with
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infiltrated with macrophages, neutrophil and lymphocytes in a
number of areas. The deep layer of defect was marked with signs of
activation of endosostal osteogenesis, which was expressed by
proliferation of osteoblasts. From the inner surface of the defect the
formation of a thin osteogenic pneumoneic fibrous tissue spread over
the perimeter of the defect.

The lower jaw was marked by primitive bone tissue.
Connective tissue at the defect edges was infiltrated with
lymphocytes, macrophages, and neutrophils.

Three months after the BIO-OSS transplantation, intensive
infiltration of demarcation capsule was observed. In some areas
macrophages formed granulomas, containing giant multinuclear
cells. All this indicated the host response to the long-lasting
degradation of BIO - OSS. Due to inflammatory infiltration of
connective tissue, the osteogenesis process has a different character.

After four months of operation, the BIO-OSS and soft tissue
border area was covered with inflammatory granulation tissue. The
large number of fibroblasts was visualized in the pores of granular
tissue. On the periphery of the BIO-OSS, giant cells were visualized
near the soft tissues. In the central part of the BIO - OSS, fibrin grafts
and erythrocytes and connective tissue cells were observed. After six
months of operation, there was a sharp increase in the number of
giant cells. The replacement process started from the periphery and
was gradually moved to the central part of the BIO - OSS.

Bone tissue defect was still observed, but its diameter
reduction was due to the formation of young bone tissue which was
marginally presented on the perimeter of the defect. Seventh-month
X-ray studies after surgery revealed the non-clear contours of the

defect and peripheral inflammation. Bone tissue is homogeneous and
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dull, with cancellous picture. Bone tissue defect dimensions are
significantly reduced and its hollow is filled with less dense bone
tissues on the X-ray.

e On the first day after transplantation of (BIO - OSS) and
bone marrow stem cells composite, studies have shown signs of
inflammation of postoperative edema, hyperemia and soft tissue, like
in I and II series animals.

Unlike the previous series of animals, the signs of infections of
soft tissues in the series had only occurred in the first 5 days. The
signs of inflammation slowly decreased and completely faded on the
10th day after surgery. No animal of this group has developed
phlegmon of the soft tissues. The scaring process of mucous
membrane was completed on the 17th day. The scars were soft and
pink.

The defect was circumferenced with extensively vascularized
granulation tissues. After Bio-OSS and stem cells composite
transplantation, defect margins in some areas were infiltrated with
macrophages, lymphocytes and neutrophils. On the 20th day, the
formation of the osteogenic fibrous tissues originated from the inner
surface of the bone defect and was spread in the perimeter of the
defect. The lower jaw was marked by primitive bone tissue. The
connective tissue was infiltrated at the edges of the defect. In the
same time it was possible to visualize the formation of new bone
tissue of the cribriform osteoblasts. A month after transplantation,
the bone hollow was filled with necrotized masses of bone
fragments, (BIO - OSS) particles and inflammatory cells.

On the 60th day of operation, some parts of the implant
surface were covered with a newly developed bone. It was also
possible to visualize the basophylic layer on the surface of the «BIO -
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OSS». On the periphery of the BIO - OSS, giant cells were visualized
near the soft tissues. In the central part of the BIO-OSS, fibrin
clusters and erythrocytes and small amounts of tissue cells were
observed.

In the 3rd month of operation, there was a sharp increase in
the number of giant cells. The tissue replacement process started
from the periphery and was gradually transmitted to the central part
of the BIO-OSS. The dimensions of the latter are significantly
reduced. On the 120th day of implantation, bone tissue plates were
observed, which contained the bone marrow. All above mentioned
indicate reconstruction of newly formed tissues. A substantial part of
the implant was substituted with bone on the 120th day of operation.

Four months after the surgery, X-ray studies have shown
complete recovery of defects with newly formed bone, which is
homogeneous and dense. The third diagram shows the process of
regeneration of lower jaw defects in dynamics - using BIO-OSS and
bone marrow stem cells composite.

Our special interest was the combination of implanted bone
mineral in the lower jaw defects with the bone marrow cells from
the C57BL / 6-GFP mice. Studies have established the periostal,
endostal and stromal localization of donor cells. On the 18th day of
transplantation, positive osteocytes were detected in bone defects. In
the same terms along the edges of bone defects, the cells with various
forms of green fluorescence protein. According to morpho-
topographical characteristics, we have identified them as proteoblasts
and osteoblasts. There is no doubt that these cells took direct part in
the reparative osteohistosynthesis. After four months of
transplantation, the formation of a single bone colony was observed.

There was also a formation of hyaline cartilage tissue. The regenerate
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trabeculae had osteo-chondrogenic build, in which were actively
involve so-called "Green cells".

Thus, the transplanted bone marrow stem cells produced
colonization of bone defects and replenish the recipient's cambium
elements. In addition, these cells were progressively differentiated
into the product line of bone matrix. Our research has shown that
bone marrow stem cells are proliferation and differentiation. At the
expense of bone marrow stem cells polyobacteria, cells that are in
line with the conditions of the microorganisms can be differentiated
in osteogenic direction. Depending on the above mentioned, we can
conclude that the use of BIO-OSS and bone marrow stem cells
compounds promotes rapid bone formation in the bone marrow.

Analysis of the results of the study has shown, that
reparational regeneration of bone tissue in basic group animals and as
well as in control group is characterized by formation of periostal
and intermedial regenerat. At the same time, consolidation of bone
defects in 3rd group is much faster than in the control group. This is
due to the fact that in these early posttraumatic changes in these
groups, the inflammatory reaction is less pronounced. This is due to
the fact that early posttraumatic changes in the primary group of
animals are not inflammatory reactions, because they are inhibited
by stem cells. At the same time, in the phase of regeneration,
differentiation of stem cells causes intensive proliferation of bone
tissue cambial cells and their differentiation into osteoblasts.

The BIO-OSS has a substantial role in accelerating the
regenerative processes and regenerate’s functional adaptation. Its
structure acts as matrix in the formation of new bone tissue. In
addition, the BIO-OSS's inorganic bone matrix has a macro and

micro-porous structure similar to that of a human bone mineral
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structure. The second month of transplantation begins with partial
remodeling of BIO-OSS with osteoclasts and osteoblasts.

Thus, the findings of our research indicate that the use of bone
marrow stem cells, which are characterized by osteoinductive,
osteoconductive and osteointergrative properties can help in
accelerating the consolidation process of lower jaw bone fragments.

Discussion

As already noted, the restoration of the maxillofacial bone
defects of different etiology, accompanied by anatomical, functional,
cosmetic and severe mental disorders, is one of the most important
issue of modern medicine. The most common reasons for
development of the lower jaw bone and soft tissue defects are
traumatic injuries and the surgical removal of neoplasia.

The clinical presentation of the lower jaw defects depends on
its localization, area, scar contracture between fractured fragments,
the presence of teeth on the fractured bone fragment and the damage
degree of surrounding skin areas. Effectiveness of surgical treatment
of maxillofacial defects caused by atrophy, trauma, tumor, congenital
deformities, periodontal diseases and perineural jaw cysts depends on
the ability of bone regeneration. There are five main directions of
bone plastic: autoplasty, alloplasty, xenoplasty, implantation and
combined transplants.

In case of significant atrophy of the jaw alveolar ridge, it is
impossible to perform an intraosseous implantation, and it is very
difficult to perform prosthetic work with removable and fixed
prostheses. Reduction of the alveolar ridge caused by progressive
atrophy of bone tissue reduces the possibility of intraosseous
implantation due to high risk of lower jaw injuries, oral perforation

and maxillary sinus membrane perforation.
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Alveolar ridge can be augmented using various methods such
as sinus lifting, osteoplasty with autologous bone graft, distractive
osteogenesis of alveolar ridge, etc. In the restoration of the alveolar
ridge, the topographic characteristics of defect should be considered.

Bio-Oss is a natural bone mineral obtained from bovine bone
tissues. It is a mineral of high purity with osteo-conductive structure
that is obtained from a natural bone with multi-stage purifying
process. Since BIO-OSS is of a natural origin, it is chemically and
structurally compatible with the mineralized human bone
(nanocrystalline structure of natural apatite).

Bio-Oss's inorganic bone matrix has a macro or micro-porous
structure similar to that of a mineral structure of human cancellous
bone. Formation and ingrowth of new bone tissue in the area of
transplantation (implantation) is stimulated by the natural
composition of porous structural volumes and minerals. Over time
the partial remodeling of Bio-Oss is performed by osteoclasts and
osteoblasts (physiological remodeling). Bio-Oss is a competitive
analog of autologous bone transplantation in the field of bone defects
regeneration due to its properties. Adding the bone marrow stem
cells to the bone mineral, allowed us to speed up the bone
regeneration process. Bone marrow stem cells were undergoing
proliferation and differentiation due to their pluripotency. In
accordance of microenvironment conditions these cells were
differentiated in osteogenic direction.

Conducted studies have also shown, that from the second
month after transplantation of bone mineral (Bio-Oss), its partial
remodeling with osteoclasts and osteoblasts begins.

It is noteworthy, that the reparative regeneration of lower jaw

defects is running in a desmogenic osteogenic way, accompanied by
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chronic productive inflammation. The latter initiates the parallel
processes of osteogenesis and osteolysis, whose ratio determines the
speed and quality of bone tissue regeneration. Besides osteogenic
differentiation bone cells are characterized by anti-inflammatory
action which reduces secondary osteolysis.

Depending on this, we can conclude that, the use of bone
mineral (BIO-OSS) and bone marrow stem cells composite in the
reconstruction of bone defects promotes rapid formation of the bone
marrow in the bone.

Analysis of the results showed, that reparational regeneration
of bone tissue in the control group of animals, like study cells, run
with the formation of periostal and intermedial regenerate.
Consolidation of bone defects in the main group is much faster than
in the control group, which is due to the fact that early posttraumatic
changes in the primary group of animals are not inflammatory
reactions, because they are inhibited by stem cells.

BIO-OSS plays a crucial role in acceleration of regenerative
processes and consequent adaptation of regenerate, whose granules
play the role of matrix in the formation of new tissue and run its
growth. At the same time, increase in regeneration increases the
mechanical properties of the latter. Thus the results of our study
suggest, that the use of bone marrow stem cells, which have
osteoinductive, osteoconductive and osteointegration properties,
together with bone mineral in the recovery of bone defects facilitates
acceleration of the consolidation process of fractured fragments of
lower jaw.

Conclusion

The composite of bone mineral (BIO-OSS) and autologous

bone marrow derived stem cells has osteogenic, osteoinductive and
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osteoconductive properties, which promote rapid osteointegration. It
can be effectively used in implantology, periodontology, maxillo-
facial surgery and in orthopedics to restore bone defects. Composite
of bone mineral (BIO-OSS) and autologous bone marrow derived
stem cells is a competitive analog of autologous bone grafts.

Practical recommendation

Composite of bone mineral (BIO-OSS) and autologous bone
marrow derived stem cells can be used to fill bone defects and for
bone augmentation in the following cases: augmentation /
reconstruction of alveolar ridge. Filling the socket after the tooth
extraction. It can also be used in implantology: preparation of the
implant bed, to fill the bone fragments and for sinus lifting; In
periodontology: filling bone defects; Maxillofacial surgery:
reconstruction of bone defects and restoration of large bone defects

in orthopedics.
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