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AbSTrAcT

The objective of the study was to investigate the quantitative and qualitative features of bone graft 
regeneration, the nature of its interaction with the osteoplastic material CollapAn and the rate of biodeg-
radation of the implant in the deformity of the femoral shaft of rats. CollapAn was implanted into the 
deformity of the femoral shaft in 8 months old rats, followed by light microscopic morphometric and scan-
ning electron microscopic analysis of its regeneration on the 60th and 120th day. Throughout the entire 
experiment, the study found no signs of necrosis and necrobiosis of osteocytes in the maternal bone adja-
cent to the site of implantation. On the surface and in the middle of the CollapAn particles, osteogenic 
cells and foci of osteogenesis were identified. 

On the 60th day in the area of the deformity the experiment identified reticulo-fibrous and lamellar 
bone tissue, and on the 120th day only lamellar bone tissue with residue of osteoplastic material inte-
grated in its structure and with a high content of primary and secondary osteoblasts and osteocytes. 
Gradual resorption of osteoplastic material and its replacement by bone tissue, whose ratio by 60th day of 
the experiment was 11.61±2.31% to 88.39±2.31%, and by 120th day 7.12±1.75% to 92.88±1.75%. 

The microscopic dynamics of the bone deformity regeneration shows a high biocompatibility of the 
material CollapAn, its osteoconductive properties, good integration of osteoplastic material with bone 
tissue, and almost complete restoration from deformity on the 120th day.
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manov VG et al., 2006]. The similarity of the 
chemical structure of these drugs with bone tissue 
and inertia to biological tissues makes it possible 
to use them widely in lost bone tissue replacement 
[Barinov SM, Komnev VS, 2005; Pankratov AS et 
al., 2011; Korenkov AV, 2014].

Drug CollapAn began to be used in clinical prac-
tice since 1995 [Pankratov AS et al., 2011]. During 
this time, it demonstrated high biocompatibility and 
excellent performance in the treatment of bone de-
formities in orthopedics, traumatology, spinal sur-
gery, dentistry and maxillofacial surgery [Barer GM 
et al., 2004; Snetkov AI et al., 2006; Zherdeev KV, 
2007; Kavalersky GM et al., 2013]. However, de-
spite sufficient evidence of the safety and biocom-
patibility of CollapAn, other definitive properties of 
the osteoplastic material, such as dynamics and the 
rate of biodegradation, the substitution of the newly 
formed bone at the implant site, have a significant 
discrepancy in the data, namely from 3 to 6 and 
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introduction

One of the important problems that podiatrists 
face in their practice is the regeneration of bone 
deformities. The high frequency of the reasons that 
lead to bone deformities, dictates the need to find 
the means that would ensure their full recovery 
[Zherdeev KV, 2007; Merkulov VN et al., 2009]. 
Transplantation of bone tissue, usually performed 
with this pathology, has a long history, which has 
made significant progress over the years. How-
ever, due to high incidence of complications that 
may occur during such operations, in recent years 
there has been increasing interest in the calcium 
phosphate osteoplastic materials and their combi-
nations with collagen, which displace bone tissue 
from clinical practice [Zatsepin ST, 2001; Ger-
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more months [Bushuyev OM, 1999; Berchenko GN 
et al., 2006]. In addition, the majority of studies on 
CollapAn relate morphological studies of trabecular 
bone, which lacks the morphometric characteristics 
of histological preparations, microscopic and espe-
cially electron microscopic features of bone graft 
regeneration [Bushuyev OM, 1999; Iordanishvili 
AK et al., 2002; Berchenko GN et al., 2006; Snetkov 
AI et al., 2006; Zherdeev KV, 2007]. Therefore, the 
objective of our work is to use histological, mor-
phometric and electron microscopic techniques to 
investigate the quality and quantity of bone graft 
regeneration, the nature of its interaction with Col-
lapAn, the rate of biodegradation of the implant in 
the deformity of exactly the compact substance (di-
aphysis) of rat femurs.

materials and metHods

The experiment was performed on 12 white, 8 
months old laboratory male rats weighing 250 ± 10 
grams. It was approved by the Institutional Bioeth-
ics Committee in accordance with the principles of 
the Guide for the Care and Use of Laboratory Ani-
mals published by the US NIN (No. 85-25, revised 
in 1985) [Kozhemyakin YM et al., 2002]. Surgical 
intervention was performed under ketamine anes-
thesia (0.3-0.5 ml per 1 kg of rat weight) in aseptic 
conditions. Using 2.5 mm diameter dental drill at 
low rpm and with cooling, transcortical diaphyseal 
deformity was inflicted, which was filled with os-
teoplastic material CollapAn (Intermedapatit 
Company, Russia, registration number 2011/10304 
SDF) without rigid fixation. The latter is an artifi-
cial granular biocomposite material, made from 
high-purity synthetic nanostructured hydroxyapa-
tite, type 1 collagen from cattle split leather and 
antibiotics (lincomycin, gentamicin, etc.) (Fig. 1).

Further on the 60th and 120th days after surgery, 
animals were taken from the experiment by decapi-
tation under deep ether anesthesia, followed by ex-
amination of the bones by light microscopy mor-
phometrics and scanning electron microscopy. 
Scanning electron microscopy was performed using 
an electron microscope SEM 106-I (SELMI Com-
pany, Ukraine). Light microscopy of histological 
sections stained with hematoxylin and eosin was 
performed using OLYMPUS light microscope 
(USA) followed by photographing slides with digi-
tal cameras. Morphometric analysis was performed 

using Video Test and Video Size image processing 
software [Sarkisov DS, Perov YL, 1996]. 

The latter was determining in the deformity the 
volume percent of bone tissue and residual osteo-
plastic material as the ratio of these constituents 
(%) to the total area of the deformity (100%) on 
the 60th and 120th day of the experiment.

In addition, the state of the structure adjacent to 
the site of implantation of maternal bone in order to 
establish or refute postoperative complications 
through the presence or absence of signs of necro-
biosis and necrosis of osteocytes was investigated 
using these methods [Grigoryan AS, Toporkowa 
AK, 2007]. The resulting digital values were pro-
cessed statistically by calculating the arithmetic 
mean (M) and standard error (m). The significance 
of differences between the comparable values was 
evaluated using Student t-test using STATISTICA 
5.1 for Windows computer program. Differences 
were considered significant at p<0.05 [Lapach SN 
et al., 2000].

results

On the 60th day of the experiment the defor-
mity area is filled with newly formed bone tissue 
with residue of osteoplastic material immured in 
its structure, covering an area of 88.39±2.31% and 
11.61±2.31%. The bone plate is preferably in a pe-
ripheral portion of the deformity, in its structure it 
contains a significant amount of secondary osteo-
blasts, osteocytes and is tightly attached to the par-
ent bone edges. In the central parts of the defor-
mity prevails reticulo-fibrous bone tissue whose 

fiGure 1. Microstructure of the inner surface of the 
granule of osteoplastic material CollapAn. Elec-
tronic scanning image. X 1500.
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bone trabeculae surface and bone lacunae contain 
primary osteoblasts and osteocytes, while the in-
tertrabecular spaces contain osteoplastic material 
residue undergoing resorption. Osteoplastic mate-
rial residue in hematoxylin and eosin stain has the 
form of a structureless mass of sulfur, undergoes 

gradual resorption, and contains osteogenic cells 
and small osteogenesis foci (Fig 2 a,b,c,d,e). In its 
turn, maternal bone shows the presence of bone la-
cunae with typical osteocytes.

On the 120th day reticulo-fibrous bone tissue is 
not detected in the bone deformity, and there is only 

fiGure 2. The area of a rat femoral deformity on the 
60th day after CollapAn implantation. 

a. Lamellar bone (1) is firmly adherent to the edge of 
the parent bone. Residues of osteoplastic material 
(2) in the intertrabecular spaces of reticulo-fibrous 
bone (3). X 100.

b. Deposits of osteoplastic material immured in reti-
culo-fibrous bone tissue. Electronic scanning 
image. X 250.

c. Primary osteoblast (1) in a lacunae of reticulo-fi-
brous bone that surrounds the osteoplastic mate-
rial. Electronic scanning image. X 2500.

d. Previous photos only at higher magnification. Primary osteoblast (1) in a lacunae of reticulo-fibrous bone that 
surrounds the osteoplastic material. Electronic scanning image. X 5000.

e. Bone tissue of bone graft regeneration (1) surrounds osteoplastic material which is amenable to resorption. Elec-
tronic scanning image. X 1000.

a b

c d

e
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secondary callus of lamellar (mature) nature. Evi-
dence of mature nature of the newly formed bone 
graft regeneration is supported by its expressed la-
mellar structure, formed osteons, which are oriented 
along the axis of the bone, and by the bone located 
in the the lacunae of the secondary osteocytes with 
long spikes. The arrays of bone tissue contain the 
residue of small CollapAn particles with osteogenic 
cellular elements, bone formation foci and occur-
rences of lysis phenomena (Fig. 3 a,b,c,d). 

The area of newly formed bone tissue increased 
as compared with the previous follow-up period by 
5.07% (р>0.05), and that of the osteoplastic mate-
rial, on the contrary, decreased by 38.67% (р>0.05) 

fiGure 3. The area of a rat femoral deformity on the 120th day after CollapAn implantation. 
a. Deposits of osteoplastic material (1) are integrated in the bone plate of regenerated bone graft (2). X 200.
b. Osteons (1) lamellar bone tissue with residue of immured osteoplastic material CollapAn in their arrays (2). Elec-

tronic scanning image. X 300.
c. Residue of osteoplastic material CollapAn in the structure of lamellar bone tissue bone graft regeneration, next to 

which is the bone marrow. Electronic scanning image. X 400.
d. Secondary osteocytes with spikes (1) comprising lamellar bone tissue that surrounds residues of osteoplastic ma-

terial. Electronic scanning image. X 2500.

and was 92.88±1.75% in the first and 7.12±1.75% 
in the second case. A part of the parent bone adja-
cent to the edges of the deformity, as in the previ-
ous follow-up period, is characterized by the pres-
ence of lacunae with typical osteocytes.

Discussion

Microscopic examination of compact substance 
(diaphysis) rat femurs after osteoplastic material 
CollapAn implantation into their deformity found 
that it has a high biocompatibility, as demonstrated 
by the presence in the implantation site adjacent to 
the parent bone of lacunae with typical osteocytes, 
without signs of their necrobiosis and necrosis. 

a b

c d
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Most researchers also report high biocompatibility 
of CollapAn, not to mention that we did not find 
any work disproving it in literature data analysis 
[Bushuyev OM, 1999; Barer GM et al., 2004; 
Berchenko GN et al., 2006; Snetkov AI et al., 2006; 
Zherdeev KV et al., 2007; Pankratov AS et al., 
2011; Kavalersky GM et al., 2013]. In addition, it 
was found that CollapAn shows osteoconductive 
properties, as indicated by the location of osteo-
genic cells on the surface and in the middle of a 
CollapAn particle and the formation of osteogene-
sis foci. It is known that the osteoplastic material 
that creates the necessary support for cells to at-
tach, gives them the opportunity to share and main-
tain their differential phenotype, as osteogenic 
cells proliferate only when attached and spread on 
a solid substrate. Therefore, the use of osteogenic 
material by osteoplastic cells as a platform for at-
tachment and generation of new bone tissue on the 
surface and in its cavities is the essence of osteo-
conduction [Jenkins MJ, 2011]. 

Microscopic examination also made it possible 
to establish the qualitative and quantitative param-
eters of bone tissue regeneration, and the amount 
of osteoplastic material. Thus, on the 60th day of 
the experiment the deformity area is filled with 
reticulo-fibrous and lamellar bone tissue, and on 
the 120th day only the lamellar one with a high con-
tent of primary, secondary osteocytes and osteo-

blasts and with residue of osteoplastic material in-
tegrated into their structure. Histological studies of 
other authors also show bone tissue neoplasm pro-
cess in the deformity of femoral epiphysis with 
gradually lysed CollapAn particles. In this case, 
without indicating morphometric parameters 
Berchenko GN et al (2006) describe almost com-
plete recovery of the deformity with small residue 
of implant particles on the 90th day of the experi-
ment, while Bushuyev O.M. (1999) describes com-
plete resorption of osteoplastic material and re-
gression of the deformity in 6 months after the 
CollapAn implantation. In our study, we also ob-
served a gradual resorption of osteoplastic mate-
rial and its replacement by bone tissue regenerate. 
However, morphometric method made it possible 
even to set the amount of the implant and regener-
ated bone tissue, whose ratio on the 60th day of the 
experiment was 11.61±2.31% to 88.39±2.31%, 
and on the 120th day – 7.12±1.75% to 92.88±1.75%.

Conclusion

Thus, the microscopic dynamics of the bone de-
formity regeneration indicates high biocompatibil-
ity of the CollapAn material, its manifestation of 
osteoconductive properties, good integration of 
osteoplastic material into bone tissue and the re-
sorption rate of the implant and bone tissue neofor-
mation, whose ratio on the 120th day was 7.12±1.75 
% to 92.88±1.75%.
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