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ABSTRACT. The aim of this work is the microscopic study of the dynamics of the healing of the defect
of compact bone tissue after the implantation into its cavity of osteoplastic material «easy-graft CRYS-
TAL». The experiment was conducted on 24 Wistar rats. In the middle third of the femoral shaft of rats
there was reproduced perforated defect in the diameter of 2.5 mm to the medullary canal, which was filled
with osteoplastic material «easy-graft CRYSTAL». Fragments of the injured bones were examined on the
15th and 30th day by light microscopy with morphometry and scanning electron microscopy. It was found
that the osteoplastic material «easy-graft CRYSTAL» in the area of the compact bone tissue defect shows
high biocompatibility, osteoconductive properties and provides stability of the defect volume due to good
integration with tissue-specific structures of the regenerate and the absence of reliable signs of resorp-
tion throughout the period of the experiment. © 2016 Bull. Georg. Natl. Acad. Sci.
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One of the most important problems that ortho-
paedic physicians face in their practice is bone de-
fects regeneration. The high frequency of occurrence
of bone defects dictate the need to find tools that
would ensure their full recovery. Transplantation of
bone tissue, which is used to combat this pathology
has a long history and has achieved a considerable
success. However, despite this, the used auto- and
xenografts still have serious drawbacks. Thus, xeno-
geneic material has strong antigenic activity, restruc-
turing process is much slower compared to other

osteoplastic materials. In addition, when bone tissue
of animal originis used, there is a risk of transmission
of infectious diseases. In turn, the use of bone
autografts is greatly limited in the medical practice
because of the additional injuries, failure to use them
in case of large bone defects, prolongation of opera-
tion, the possibility of complications (fractures in the
donor site, nerve damage, cosmetic defects,  pro-
lapse of bone defects), the inability of the workpiece
and preservation of autogenous plastic material. As
a result, in recent years there has been a growing
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interest in calcium phosphate osteoplastic materials
to replace bone tissue in the clinical practice. The
similarity of their chemical structure with that of bone
tissue and inertness to biological tissues makes pos-
sible to widely use them to replace the lost bone
tissue [1]. In addition, synthetic nature of calcium
phosphate material guarantees safety in practice pre-
venting the risk of infection, and clinical trials con-
sistently demonstrate exceptional biocompatibility
the materials [2].

It is known that to replace bone defects tricalcium
phosphate and hydroxyapatite are most commonly
used, which have different resorption in the area of
implantation [3]. Physicians take into consideration
this ability when using implants in each clinical
sitution. Thanks to the fact that tricalcium phosphate
undergoes resorption faster than hydroxyapatite, it
is possible to combine them in a biphasic osteoplastic
medication in order to regulate the process of
resorption in the area of implantation through the
changes of the ratio of its components [4]. Today it is
believed that the optimal ratio of hydroxyapatite and
tricalcium phosphate as part of biphasic osteoplastic
material is 60% to 40% [5]. One of these relatively
new substances is «easy-graft CRYSTAL», which
was developed in Switzerland by the company
Degradable Solutions AG. With the help of the study
of -tricalcium phosphate phase of the «easy-graft»
producti, it was found that after its implantation into
the bone defect it undergoes resorption and
replacement by the bone tissue during 6–7 months
[6]. At the same time advertising information and
scientific and clinical studies indicate that biphasic
osteoplastic «easy-graft CRYSTAL» preparation
undergoes a partial resorption and mainly due to  -
tricalcium phosphate, and hydroxyapatite thus
remaining in the area of the defect for a longer period,
ensuring prevention of atrophy and preservation of
bone tissue volume [7]. However, these conclusions
were made from histological studies on the jaws, flat
and spongy bones, but there is no information on
the impact of «easy-graft CRYSTAL» on healing of

compact bone tissue defect [8]. Therefore, the aim of
our study was to investigate the process of healing
of the defect of compact bone tissue after the
implantation of osteoplastic material «easy-graft
CRYSTAL» using histological, morphometric and
electron microscopic methods.

Materials and Methods

The experiment was performed on 24 white Wistar
rats eight months of age with a mass of 250±10 g. All
procedures were agreed with the Commission on
Biomedical Ethics of Sumy State University (Minutes
№4/13 of 05.18.2015). The study protocol was
according to the provisions “European Community
Directive of 24 November 1986 on the maintenance
and use of laboratory animals for research purposes”.
Before surgery, animals were initially injected with
0.6 mg of acepromazine (2.5 mg per 1 kg body weight
of rat), and in 5 minutes 18 mg of ketamine (75 mg per
1 kg of rat weight). After the introduction of the animals
in anesthesia under aseptic conditions in the middle
third of the femoral shaft using a portable drill with a
spherical cutter at low speed with cooling we
reproduced the defect to the medullary canal with
the diameter of 2.5 mm, without rigid fixation we filled
it with the osteoplastic material «easy-graft
CRYSTAL» (Degradable Solutions AG, Switzerland
registration No 2008/03310). The preparation is
produced in the syringe with granules and a vial with
an organic solvent BioLinker®.

The granules consist of 40% -tricalcium
phosphate and 60% hydroxyapatite, and BioLinker®

– of water and N-methyl-2-pyrrolidone (NMP). Each
granule of the material (Fig. 1) is covered with thin
(10 m) polymer of polylactic and polyglycolic acid
(PLGA), which is capable of resorption [3, 5].

Before the injection of the material into the defect
the granules were soaked in the BioLinker® liquid,
which temporarily softened the outer shell of granules
and provided their bonding. In this case the material
gained a lamellar mass consistency, which was easy
to model in the shape of the defect. After injecting



Regeneration of the Diaphysis of a Long Bone of the Skeleton... 149

Bull. Georg. Natl. Acad. Sci., vol. 10, no. 2, 2016

the material into the bone defect it was soaked with
blood, which ensured the removal of BioLinker®, and
the material began to harden within minutes. Thus a
stable porous mass with microcells inside the
granules the size from 1 to 10 m and macrocells
between separate granules was formed.

After entering into the bone defect of osteoplastic
material the wound was tightly stitched with silk
thread through all layers of soft cover, the seam was
treated with 3% alcohol solution of iodine. Then,
during the next 3 days after operation for prevention
of septic complications the after-operation seam was
treated with an alcohol solution of iodine, and for
analgesia ketorolac was injected intramuscularly at a
dose of 0.6 mg 2 times a day.

After 15th and 30th days after surgery the animals
were taken out of the experiment by decapitation under
deep ether anesthesia with further research of the
injured bones by the methods of light (with
morphometry) and scanning electron microscopy,
which was performed on the electron microscope
“REM 106-I”. Histological cuts stained with
hematoxylin and eosin, were analyzed in light
microscope «OLYMPUS», photographed with a
digital camera. Morphometric analysis was performed
using image processing program “Video-Test” and
“Video-Size”: we determined in the area of the defect
the relative percentage of bone, connective tissue
and remnants of osteoplastic material as the ratio of

Fig. 1. The granule of osteoplastic material «easy-graft
CRYSTAL». Electronic scanning image. X 150.

the area of these components (%) to the total area of
the site of the defect (100%). In addition, we
investigated the state of the structure of the adjacent
to the site of implantation maternal bone in order to
establish or refute postoperative complications due
to the presence or absence in it of signs of necrobiosis
and necrosis of osteocytes. The resulting digital
values were processed statistically calculating the
mean value (M) and standard error (m). The
significance of differences between comparable
indicators was evaluated using Student t-test with
the use of statistical computer program MS Excel XP.
The differences were considered significant at p<0.05.

Results

On the 15th day of the experiment in the area of the
defect there were detected solid rounded granules of
«easy-graft CRYSTAL» and their small fragments that
were integrated into the bone and connective tissue
of the regenerate. On the outer surface and inside the
granules of «easy-graft CRYSTAL» there was a
significant amount of osteogenic cells which formed
foci of fibro- and osteogenesis. There were places
where between the granules of «easy-graft
CRYSTAL» and bone tissue there was located a thin
layer of connective tissue as well as places of direct
contact of bone tissue with the osteoplastic material
(Fig. 2). Bone tissue of the regenerate bone was
represented by bone gullies containing in its structure
a significant number of osteoblasts, osteocytes and
integrated fragments of osteoplastic material (Fig. 3).
Bone gullies formed small- and large-loop mesh
structures with a total area of 22.92 ± 1.67%. In the
inter-gully spaces of the bone tissue there were found
the remnants of osteoplastic material and the
connective tissue of the regenerate, which occupied
39.23±1.45 % and 37.85±1.52 % of the total area of the
defect. Connective tissue was constructed from
fibroblasts, collagen fibers, blood vessels and
contained in its structure integrated small fragments
of osteoplastic material. The maternal bone adjacent
to the implantation site of «easy-graft CRYSTAL»
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was characterized by the presence of typical
osteocytes in its composition.

On the 30th day of the experiment in the area of
the defect there still remained solid granules and small
fragments of osteoplastic material, which were
integrated mainly into bone and connective tissue of
the regenerate. Bone tissue had rough-fibrous nature,
and its gullies with a significant number of primary
osteoblasts, osteocytes were formed directly on the

Fig. 2. The area of the defect of the femur of a rat on the
15th day after the implantation of «easy-graft
CRYSTAL». The solid granules of osteoplastic
material (1) and their small fragments (2) integrated
into the bone (3) and connective (4) tissues of the
regenerate. Adjacent to the site of implantation
maternal bone (MB). Haematoxylin and Eosin
staining. X 100.

Fig. 3. The area of the defect of the femur of a rat on the
15th day after the implantation of «easy-graft
CRYSTAL». Osteoblasts (1) in the newly formed
roughly-fibrous bone tissue, which is located directly
on the surface of osteoplastic material. Electronic
scanning image. X 5000.

surface of granules of «easy-graft CRYSTAL» and
integrated their small fragments into own structures.
The amount of bone tissue compared with the 15th
day of the experiment increased by 49.43% (p <0.05)
and mounted to 34.25±1.64% of the total area of the
defect. Inside the inter-gully spaces of the bone tissue
and directly on the surface of some sections of the
granules of osteoplastic material there was located
connective tissue. The latter consisted of fibroblasts,

Fig. 4. The area of the defect of the femur of a rat on the
30th day after the implantation of «easy-graft
CRYSTAL». The solid granules of osteoplastic
material (1) and their small fragments (2) integrated
into the bone (3) and connective (4) tissues of the
regenerate. Adjacent to the site of implantation
maternal bone (MB). Haematoxylin and Eosin
staining. X 100.

Fig. 5. The area of the defect of the femur of a rat on the
30th day after the implantation of «easy-graft
CRYSTAL». Osteocytes (1) in the newly formed bone
tissue, which is located directly on the surface of
osteoplastic material. Electronic scanning image.
X 3000.
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collagen fibers, blood vessels and covered
30.51±1.63% of the total area of the defect, which
was at 19.39% (p <0.05) less than in the previous
period of observation.

The osteoplastic material in the area of the defect
was mainly represented by the solid granules of the
round shape, inside of which there were determined
osteogenic cells with foci of fibro- and osteogenesis.
The area of the implanted material compared to the
15th day of the experiment decreased by 10.19% (p>
0.05) and was 35.23±1.49%. The adjacent to the area
of implantation of «easy-graft CRYSTAL» maternal
bone, as in the previous period of the experiment,
was characterized by the presence in its composition
of typical osteocytes with appendixes.

Discussion

Using microscopic techniques the study has found
that the osteoplastic material «easy-graft CRYSTAL»
is characterized by high biocompatibility, as evidenced
by the absence through the entire duration of the ex-
periment of the inflammatory process in the area of the
defect and necrosis, necrobiosis of osteocytes in the
area adjacent to the implantation site of the maternal
bone. These results are consistent with the data of
most researchers [5, 6, 9]. In addition, osteogenic cells
showed high tropism for osteoplastic material, as evi-
denced by their location both on the surface and in-
side the granules of «easy-graft CRYSTAL». On the
surface of osteoplastic material between its separate
parts and inside the granules of «easy-graft CRYS-
TAL» osteogenic cells formed foci of fibro- and osteo-
genesis, indicating osteoconductive properties of os-
teoplastic material, its good integration with tissue-
specific structures of regenerate and the presence in
the area of implantation of signs of only desmal osteo-
genesis. Schmidlin P.R. et al. in their study also ob-

served in the defect of the frontal and parietal bones
of rabbits neoplasm of bone tissue of regenerate di-
rectly on the surface of the granules of «easy-graft
CRYSTAL». However, the percentage of the bone
tissue on the 4th and 16th week after the implanta-
tion of «easy-graft CRYSTAL» was relatively small
(20.16±5.27% and 22.40±5.54%) and most importantly,
there was no significant difference between them [9].
According to the authors, one of the factors that
could affect this is the low rate of resorption of os-
teoplastic material. The latter, according to [10], may
be due to the fact that the biphasic osteoplastic ma-
terial undergoes resorption through the ß-tricalcium
phosphate phase of the drug, whereas hydroxyapa-
tite for a long time does not resolve and keeps its
occupied area. In our experiment, «easy-graft CRYS-
TAL» was also subjected to resorption very slowly
as evidenced by the predominance in the defect of
diaphysis of the femoral shaft of granules of solid
character and not significant difference of their area
between the 15th (39.23±1.45%) and 30th
(35.23±1.49%) day of the experiment. However, the
amount of the bone tissue of the regenerate on the
30th (34.25±1.64%) day increased significantly com-
pared with the 15th (22.92±1.67%) day of the experi-
ment. This was possible due to the reorganization of
the connective tissue of regenerate and insignificant
resorption of osteoplastic material.

Conclusion

Thus, osteoplastic material «easy-graft CRYSTAL»
in the area of compact bone tissue defect shows high
biocompatibility, osteoconductive properties and
provides stability of the defect volume due to the
good integration with tissue-specific structures of
the regenerate and the absence of reliable signs of
resorption throughout the term of the experiment.
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samedicino mecnierebani

ConCxis grZeli Zvlis diafizis regeneracia mis
dazianebul nawilSi osteoplastikuri masalis
“Easy-Graft CRYSTAL”-is implantaciis Semdeg

a. korenkovi

sumis saxelmwifo universiteti, adamianis anatomiis departamenti, sumi, ukraina

winamdebare naSromis mizania kompaqturi Zvlovani qsovilis aRdgenis mikroskopuli
Seswavla Zvlovan defeqtSi osteoplastikuri masalis “Easy-Graft CRYSTAL”-is
Canergvis Semdeg. kvleva Catarda vistaris 24 virTagvaze. virTagvebis barZayis Zvlis
Sua mesamedSi warmoiqmna 2,5 mm diametris perforirebuli defeqti xerxemlis arxisken,
romelic ivseboda osteoplastikuri masaliT “Easy-Graft CRYSTAL”. dazianebuli
Zvlebis fragmentebi Semowmda me-15 da 30-e dRes sinaTlis mikroskopis morfometriiT
da skanirebadi eleqtronuli mikroskopiT. aRmoCnda, rom osteoplastikurma masalam
“Easy-Graft CRYSTAL”-ma aCvena maRali bioTavsebadoba, osteokonduqtiurobis Tvisebebi
da defeqtis qsovilovan specifikur regenerirebad struqturebs Soris zonaSi
stabiluroba. aseve dakvirvebis ganmavlobaSi gamoiricxa rezorbciis niSnebi.
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