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The increase in injuries and gunshot wounds because of the war in 
Ukraine makes it imperative to find methods for optimizing bone 
regeneration and filling large-size bone defects. Aim. Study mor-
phological features of reparative osteogenesis when critical size 
femoral bone defects in rats in the early reproductive and mature 
stages are filled with allografts saturated with blood plasma growth 
factors (GF). Methods. Defects (3 × 3 mm) were created in the dis-
tal femoral metaphysis of 60 white laboratory rats, 3-months-old 
(n = 30) and 12-months-old (n = 30). The defects were filled with 
bone allografts saturated with GF in the two experimental groups 
(AlloG+GF), and unsaturated bone allografts in the two control 
groups (AlloG). All groups contained 15 rats of each age. At 14, 28 
and 90 days after the surgery, 5 rats from each group were sacri-
ficed, and histological analyses were performed. Results. In the Al-
loG groups, excessive formation of connective tissue was observed 
14 and 28 days after the surgery, most evident in the 3-month-
old rats. In the AlloG+GF groups, bone formation was delayed 
at 14 days independent of age, while at 28 and 90 days, the area 
of bone trabeculae did not differ from the values in the AlloG 
groups. Throughout the experiment, decreases in allograft area 
(almost all of it was replaced by bone after 90 days) and connective 
tissue (completely absent in 3-month-old rats after 90 days) were 
observed in both AlloG+GF groups. The area of bone trabeculae 
increased in the period from 14 to 28 days. Conclusion. Saturating 
allografts with blood plasma growth factors facilitates an increase 
in the rate at which allografts are replaced by bone tissue, indepen-
dent of the recipient’s age. However, excessive formation of connec-
tive tissues in the defect 14 and 28 days after the surgery, especially 
in 3-month-old rats, may negatively affect the mechanical proper-
ties of the bone, which should be considered in clinical practice. 

Збільшення кількості травм і вогнепальних поранень внаслідок 
війни в Україні обумовлює пошук шляхів оптимізації регене-
рації кістки та необхідність пластики великих за розмірами 
дефектів кісток. Мета. Вивчити морфологічні особливості 
репаративного остеогенезу в критичних дефектах стегнових 
кісток щурів репродуктивного раннього та зрілого пізнього 
вікових періодів за умов пластики алогенними кістковими  
імплантатами, насиченими факторами росту плазми крові (ФР). 
Методи. Використано 60 білих лабораторних щурів 3-місяч-
ного (n = 30) та 12-місячного (n = 30) віку, яким відтворювали 
дефект у дистальному метафізі стегнової кістки (3 × 3 мм). 
Дефект заповнювали: у дослідних групах (АлоІ+ФР) — кіст-
ковими алоімплантатами, насиченими ФР; у контрольних 
(АлоІ) — алоімплантатами. У кожній групі було по 15 тва-
рин кожного віку. Через 14, 28 і 90 діб після втручання щу-
рів виводили з експерименту, проводили гістологічний аналіз. 
Результати. У групах АлоІ виявлено надлишкове утворення 
сполучної тканини в ділянці дефекту через 14 і 28 діб після 
операції з більшим проявом у молодших щурів. У дослідних 
групах визначено затримку кісткоутворення на 14-ту добу 
не залежно від віку, а на 28- му і 90-ту — показники віднос-
ної площі кісткових трабекул не відрізнялися від показників 
груп АлоІ. Упродовж експерименту у щурів обох вікових груп 
АлоІ+ФР зменшувалися відносні площі алоімплантата (про-
цес його перебудови майже завершився на 90-ту добу) та 
сполучної тканини (до повної відсутності в 3-місячних щурів 
на 90-ту добу), а кісткових трабекул — збільшувалися (із 14-ї 
до 28-ї). Висновки. Насичення кісткових алоімплантатів фак-
торами росту плазми крові сприяє швидшій їхній перебудові 
зі заміщенням на 90-ту добу кістковою тканиною пластин-
частої структури незалежно від віку реципієнта. Проте над-
лишкове утворення сполучної тканини в ділянці дефекту через 
14 і 28 діб, особливо в молодших тварин, може негативно по-
значитися на механічних властивостях кістки, що слід урахо-
вувати в клінічних умовах. Ключові слова. Регенерація кістки, 
алоімплантат, фактори росту, моделювання на тваринах, 
гістологія.
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Introduction
The search for ways to optimize bone regeneration 

is due to the need to repair large bone defects formed 
as a result of injuries, gunshot wounds, removal 
of bone tumors, in the case of revision endoprosthetic 
repair, surgical interventions on the spine. Accord-
ing to the latest publications, during the war between 
Ukraine and Russia, due to the use of high-energy 
weapons (ballistic trauma), the number of patients 
(both military and civilians) with long bone fractures, 
complicated by the formation of significant defects, 
increased [1]. According to the UN, as of 15 August 
2022, the number of wounded civilians was 7,698, but 
the real figure is probably higher [2].

To optimize the process of bone regeneration, 
bone material of auto- and allogeneic origin is used, 
which has osteoinductive and osteoconductive proper-
ties. Since the use of bone autografts is limited due 
to their small volume, shape that does not correspond 
to the size of the defect, and the need for additional 
surgical interventions, it is a common practice to use 
synthetic or allobone implants to fill bone defects [3]. 
Unfortunately, the latter partially lose their osteo-
conductive and osteoinductive qualities in the pro-
cess of manufacturing, sterilization, and storage [4]. 
However, they provide the mechanical strength 
of the bone in the area of use, which ensures early 
loading of the operated area of the skeleton, and is 
a matrix for the formation of bone tissue. It is possible 
to increase the osteoinductive properties of alloim-
plants by saturating them with biological agents, in 
particular, growth factors.

One of the promising approaches is the use 
of platelet-enriched plasma or fibrin due to their 
content of growth factors (platelet-derived (PDGF), 
vascular endothelial growth factor (VEGF), trans-
forming growth factor (TGF)), which contribute to 
the acceleration of angiogenesis [5], cell migration 
and proliferation [6] and, accordingly, bone regene-
ration [7]. The liquid component of the blood centri-
fuge, in addition to growth factors, contains adhesive 
proteins (fibronectin and vitronectin), which increase 
the biocompatibility of the material [8]. In addition, 
it is easier to permeate bio-implants with it than with 
fibrin.

Purpose: to study the morphological features 
of reparative osteogenesis in critical femoral defects 
of rats of reproductive early and mature late age pe-
riods under the conditions of repair with allogeneic 
bone implants saturated with blood plasma growth 
factors.

Material and methods
The study was approved by the Bioethics Com-

mittee at the State Institution Professor M. I. Sytenko 
Institute of Spine and Joint Pathology of the National 
Academy of Medical Sciences of Ukraine (Protocol 
No. 191 dated 22.04.2019) in accordance with the re-
quirements of humane treatment of experimental ani-
mals regulated by the Law of Ukraine «On Protec-
tion of Animals from Cruelty» (No. 3447-IV dated 
21.02.2006) and European Convention on the Pro-
tection of Vertebrate Animals Used for Research and 
Other Scientific Purposes (Strasbourg, 18.03.1986).

Animals
The study involved 60 white laboratory rats 

of 3-month (n = 30) and 12-month (n = 30) age, 
which were reproduced with a defect in the metaphy-
sis of the femur. The animals were divided into four 
groups depending on age and the material used to fill 
the defects:

‒ study (Alloimplant+GF groups) — bone alloim-
plant saturated with growth factors of blood plasma 
(GF) (15 animals of each age),

‒ control (Alloimplant group) — bone alloimplant 
(15 animals of each age), histological studies of this 
group were published by us earlier [9].

In addition, 15 6-month-old rats were used as do-
nors for the production of allo-implants, 6 — for ob-
taining blood plasma growth factors.

Surgical interventions
Operations were performed in aseptic and anti-

septic conditions under general anesthesia (keta-
mine, 50 mg/kg of body weight, intramuscularly). 
After trimming the fur on the left knee and treating 
the area with Betadin® antiseptic, the distal metaphy-
sis of the femur was opened with an anterior-lateral 
approach, and with the help of a dental bur, a hole 
defect of critical size was modeled — a minimal 
defect that does not heal on its own during the life 
of the animal or during the experiment [10]. Earli-
er, we substantiated that the size of such a defect for 
the distal metaphysis of the rat femur is: the diameter 
of the defect is 3 mm, the depth is 3 mm [9]. Cylin-
drical cortical-cancellous alloimplants of the appro-
priate size were placed in the area of the defect in 
rats of the control groups. In the experimental groups, 
before installation, alloimplants were kept for 20 mi-
nutes in 0.2 ml of blood plasma with growth factors. 
Next, after the introduction of the alloimplant defect 
into the cavity, the remaining volume of blood plas-
ma was injected into the implant and the surgical site 
with a syringe. After local treatment with an antibio-
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tic, the muscles and skin wound were sutured, and 
the surgical site was treated with an antiseptic.

14, 28, and 90 days after surgery, 5 animals from 
each group were removed from the experiment by de-
capitation under ether anesthesia.

Manufacturing of bone alloimplants
Alloimplants were made from the metaphyses 

of donor femurs or tibias of 6-month-old rats (n = 15), 
removed after the administration of a lethal dose 
of anesthetic (sodium thiopental 90 mg/kg intramus-
cularly), in accordance with the «Methodology for 
obtaining bone alloimplants» (Osteomatrix Sytenko 
allogeny (ОМS-А), certificate of conformity No. UA. 
TR. 101-21-2016). Sterilization of alloimplants was 
performed using radiation at a dose of 15 to 25 kGy 
[9, 11].

Obtaining blood plasma growth factors
8 ml of venous blood was taken into an 8.5 ml 

vacuum tube with an anticoagulant. A vacuum tube 
with blood was centrifuged in a laboratory clinical 
centrifuge OPn-3.02 DASTAN (ILGK.061214.009, 
GOST 12.2.025-76) at 1500 rpm for 10 minutes. After 
the procedure the supernatant fraction was removed 
with Pasteur pipettes, and the plasma left at the bot-
tom of the test tube was used for further research.

Histological studies
After removing the animals from the experiment, 

the selected operated femurs were cleaned of soft 
tissues and fixed for 4 days in 10 % neutral forma-
lin. Decalcification was performed in a 5 % solution 
of trichloroacetic acid, washed in ethyl alcohol, me-
taphyses with the defect area were cut out, dehydrated 
in isopropyl alcohol, soaked in a mixture of isopropyl 
alcohol and paraffin, then a series of paraffins, poured 
into paraffin. The prepared histological sections were 
stained with hematoxylin and eosin.

The structure of cells and intercellular substance 
in the area of the simulated defect was analyzed in 
an Olympus BX63 light microscope (Japan). A digi-
tal camera DP73 (Olympus) and Cell Sens Dimen-
sion 1.8.1 software (Olympus, 2013) were used for 
photography.

Histomorphometry
In the zone of the defect, the areas of newly formed 

bone and connective tissues and implants were mea-
sured (on 7 central sections of each animal) using the 
Cell Sens Dimension 1.8.1 software (Olympus, 2013), 
then their relative content (%) from the total area was 
calculated defect

Statistical methods
Measurement results are given as mean and stan-

dard deviation. The normality of the distribution was 
checked using the Kolmogorov-Smirnov method. Re-

sults were compared using the Student's t-test method. 
Data analysis was performed using the IBM SPSS 
Statistics 20 software. The difference was considered 
statistically significant in p < 0.05.

Results
14 days after implantation
In the 3-month-old rats of the Alloimplant+GF 

group, a bone implant in the process of reconstruc-
tion, connective tissue located between its trabeculae 
and in some places along its perimeter, and newly 
formed bone tissue of a coarse-fiber structure were 
found in the area of the defect (Fig. 1, a).

In the connective tissue, osteoblastic and fibro-
blastic differon cells, capillary-type vessels mode-
rately filled with erythrocytes were observed. Cell 
density was high. Functional activity of fibroblasts 
was reflected by the presence of hypochromic nu-
clei with nucleoli, developed cytoplasm. In the new-
ly formed bone trabeculae, the density of osteo-
cytes was significant. Lacunae were not detected 
around some of them, making it possible to assert 
their participation in reparative osteogenesis. Func-
tionally active osteoblasts were located on the out-
er surface of newly formed bone trabeculae, as well 
as in places on the surface of the alloimplant (both 
outer and inner). Besides, multinucleated cells of fo-
reign bodies of the osteoclast type, which participate 
in its reconstruction, were observed on the surface 
of the alloimplant.

According to the results of histomorphometry, 
the relative area of connective tissue in the defect 
zone was (28.51 ± 8.83) % and was 2.9 times greater 
(p < 0.001), and bone trabeculae ((8.86 ± 3.17) %) and 
bone marrow ((43.33 ± 9.80) %) smaller by 2.1 times 
(p < 0.001) and 1.2 times (p = 0.022), respectively, 
compared to the group of the same age with alloim-
plant without GF (group Alloimplant). At the same 
time, the area of the alloimplant did not differ (Fig. 2).

In 12-month-old rats of the Alloimplant+GF group, 
the content of the defect zone did not differ from 
the rats of the younger group: they were found to have 
bone alloimplant in the process of reconstruction, 
connective and newly formed bone tissue (Fig. 1, b). 
Compared with 3-month-old rats, the relative area 
of the alloimplant was equal to (24.36 ± 4.83) % 
and was 1.3 times larger (p = 0.003), bone marrow 
((53.18 ± 9.34)%) — 1.2 times (p = 0.002), connective 
tissue ((14.83 ± 10.18) %) — 1.9 times less (p < 0.001). 
Connective tissue was located in the middle of the al-
loimplant, between its trabeculae. The formation 
of bone trabeculae, the relative area of which did 
not differ from that of 3-month-old animals, was 
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observed on the side of the defect both in the can-
cellous bone and in the cortical layer. As in younger 
rats, osteoclasts were found on individual trabeculae 
of the alloimplant.

As in 3-month-old rats, in 12-month-old rats, 
the relative area of connective tissue was 1.8 times 
larger (p = 0.014), bone trabeculae and bone mar-
row were 1.9 times smaller (p < 0.001) and 1.2 times 
(p < 0.001), respectively, comparable to the indicators 
of the Alloimplant group of the same age (Fig. 2).

28 days after implantation
At this observation period, in the 3-month-old 

rats of the experimental group, alloimplant frag-
ments were located in the central part of the defect 
in the form of thin trabeculae, between which con-
nective tissue of varying degrees of maturity was 
formed. The rest of the defect, including in the corti-
cal layer, was filled with newly formed small looped 
bone trabeculae with reticulo-fibrous tissue and red 
bone marrow between them (Fig. 1, c). Compared to 

Fig. 1. Histological pattern of the defect site in the metaphysis of the femur of 3-month-old (a, c, e) and 12-month-old (d, e, g) rats 
on the 14th, 28th, and 90th days after the introduction of the alloimplant (A) saturated with factors blood plasma growth. Fragments 
of the alloimplant, areas of connective tissue (St), newly formed bone tissue (Kt), multinucleated cells of the osteoclast type (arrows) 
on the surface of the allogeneic material are shown. H&E stain

3-month-old rats 12-month-old rats

14th day

28th day

90th day

а b

c d

e f
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the 14th day of observation, the relative area of the al-
loimplant decreased by 2.1 times (p < 0.001) and 
amounted to (9.31 ± 4.91) %, and the bone trabeculae 
increased by 2.2 times (p < 0.001) and was equal to 
(19.50 ± 8.30) %, while the areas of connective tissue 
and bone marrow did not change significantly.

Compared to the Alloimplant group of the same 
age, the relative area of the alloimplant was 1.9 times 
smaller (p = 0.003), bone marrow — 1.4 times 

(p < 0.001) and was (43.21 ± 3.31) %, connective tis-
sue — 12.7 times greater (p < 0.001) and equal to 
(27.98 ± 7.23) %, the relative area of bone trabeculae 
did not differ (Fig. 2).

In 12-month-old rats of the experimental group, 
the histological pattern of the defect zone was similar 
to that described in 3-month-old animals at this time 
(Fig. 1, d). Fragments of the alloimplant were found in 
it, some of its trabeculae contained osteoblasts. Bone 

Fig. 2. Relative areas of the alloimplant and newly formed tissues in the area of the critical defect of the femur of 3- and 12-month-
old rats, depending on the saturation of blood plasma growth factors (GF) on the 14th, 28th, and 90th days after the introduction of the 
alloimplant; ns — no statistically significant difference; * — p < 0.05; ** — p < 0.01; *** — p < 0.001. Figures are given as mean and 
standard deviation. Comparison of groups for each observation period was performed using the Student's t-test method
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tissue was formed from the bone marrow and cortex. 
Compared to the previous period of the study, the re-
lative area of the alloimplant decreased by 2.5 times 
(p < 0.001) and was equal to (9.67 ± 2.23) %, bone 
marrow ((38.87 ± 4.04) %) by 1.4 times (p < 0.001), 
connective tissue ((32.70 ± 3.84) %), on the contrary, 
increased by 2.2 times (p < 0.001), bone trabeculae 
((18.76 ± 4.08) %) by 2.5 times (p < 0.001). Compared 
with 3-month-old rats, the area of connective tissue 
was 1.2 times larger (p = 0.013), bone marrow was 
1.1 times larger (p < 0.001), other parameters did not 
differ (Fig. 2).

Compared with 12-month-old rats of the Alloim-
plant group, the relative area of the connective tissue 
was 6.6 times larger (p < 0.001), and the bone mar-
row was 1.7 times smaller (p < 0.001), but the area 
of the alloimplant, and bone trabeculae did not differ 
(Fig. 2).

90 days after implantation
In rats of both experimental age groups, the bone 

alloimplant was almost completely replaced by bone 
tissue of lamellar structure. The remains of the allo-
implant were found among the rebuilt bone trabecu-
lae (Fig. 1, e, g). Its relative area did not exceed 1‒3 % 
(3-month-old rats — (0.45 ± 0.21) %, 12-month-old 
rats — (2.56 ± 0.88) %) of the total area of the de-
fect and decreased compared to 14 day 42.9 times 
(p < 0.001) and 9.6 times (p < 0.001) in younger and 
older animals, respectively. At the same time, the in-
dicator of the alloimplant area in 12-month-old rats 
was 5.7 times greater than the indicator in 3-month-
old rats (p < 0.001). The injured cortical layer was 
restored to its original structure in 3-month-old rats, 
and small cells of connective tissue were noted in it in 
12-month-old rats.

Compared to the 14th day of observation, 
the relative area of bone trabeculae and bone mar-
row in 3-month-old rats increased by 1.9 times 
(p < 0.001) and amounted to (17.21 ± 5.90) % and 
(82.35 ± 5.04) %, respectively, in 12 months — 
3.0 times (p < 0.001) and 1.4 times (p < 0.001) and 
was equal to (23.01 ± 9.32) % and (72.17 ± 11.07 ) % 
respectively. Connective tissue was not detected in 
the defect zone of 3-month-old rats at this time, and 
in 12-month-old rats, although its area decreased by 
6.6 times compared to the 14th day (p < 0.001), and 
from the 28th to 14.5 times (p < 0.001), still accounted 
for (2.26 ± 3.62) % of the total area of the defect.

Compared with age-matched groups using an allo-
implant without GF for plastic repair of the defect in 
3-month-old rats, the relative area of the alloimplant 
in the defect area on the 90th day of observation was 
23.6 times smaller (p < 0.001), and of the bone mar-

row was 1.2 times larger (p < 0.001), other indicators 
did not differ. In 12-month-old rats, the relative area 
of the alloimplant was 3.9 times smaller (p < 0.001), 
other indicators did not differ (Fig. 2).

Discussion
In the presented study, performed using laborato-

ry rats of different ages (3 and 12 months at the begin-
ning of the experiment), the possibility of improving 
the osteoinductive and osteoconductive properties 
of structural allogeneic bone implants sterilized by 
γ-radiation was studied by saturation with blood plas-
ma growth factors. Because of the increase in inci-
dence due to military conflicts (in particular, the full-
scale war between Russia and Ukraine [1]) of large 
bone defects that do not heal on their own, we chose 
critical size defects (3 mm depth, 3 mm diameter) in 
the distal metaphysis of the femur as a model [9].

Bone alloimplants are used for bioreconstruction 
of large bone defects after injuries, removal of tu-
mors, during operations on the spine and endopros-
thesis of large joints, etc. They have advantages over 
autografts, as their acquisition does not require ad-
ditional surgical intervention and prevents problems 
with the donor site [12, 13]. The main disadvan-
tage of bone alloimplants is low osteoinductive and 
strength qualities due to processing after receiving 
from the donor, namely freezing, drying or process-
ing with a glycerin-based solution [14, 15]. It nega-
tively affects the strength of the alloimplant and γ-ra-
diation [16], which is associated with the destruction 
of the molecular structure of collagen [17], also af-
fecting the osteoinductive properties.

Therefore, it is of interest not only to develop 
methods of preservation, processing and sterilization 
of alloimplants, but also to find ways to improve their 
osteoconductive and osteoinductive qualities. For this 
purpose, we used blood plasma growth factors ob-
tained by centrifugation of blood at 1500 rpm, which 
were used to saturate the alloimplant before installa-
tion in the cavity of the defect and then additionally 
injected into the area of the traumatic injury. It is be-
lieved that the use of the liquid component of blood 
centrifuge (obtained by centrifuging blood without 
an anticoagulant in a non-glass tube at approximately 
1300 to 2400 rpm [18, 19]) makes it possible to infil-
trate bio-implants. In addition, it contains, in addition 
to growth factors, proteins fibronectin and vitronec-
tin, which increase the biocompatibility of the ma-
terial [8]. It was determined that the growth factors 
obtained in this way influence the proliferation and 
differentiation of gingival fibroblasts and osteoblasts 
[20, 21], and their combination with allogeneic ma-
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terial in vitro increases the viability, migration and 
proliferation of human osteoblasts [22].

In our study, in rats of both age in the experi-
mental groups (the defect was filled with an alloim-
plant saturated with growth factors of blood plas-
ma) compared to a series of experiments where an 
alloimplant without growth factors was used as an 
osteoplastic material, excessive formation of connec-
tive tissue in the area of the defect was determined 
14 and 28 days after the operation with greater mani-
festation in 3-month-old rats. Presumably, this is due 
to the high content of interleukins (IL): IL-4, IL-6 
and IL-10 in the used blood centrifuge, in particu-
lar IL-4, which affects the differentiation and mi-
gration of fibroblasts [23]. At the same time, a delay 
in bone formation was detected in rats of both age 
groups only on the 14th day, and on the 28th and 90th, 
the indicators of the relative area of bone trabeculae 
did not differ from the indicators of the Alloimplant 
group [9]. During the experiment, in rats of both age 
groups, the relative area of the alloimplant decreased 
and the process of its reconstruction, in contrast to 
the Alloimplant groups [9], was almost completed 
by the 90th day. Also, with the passage of time (from 
the 28th to the 90th day), the relative area of connective 
tissue decreased (to its complete absence in 3-month-
old rats on the 90th day), and bone trabeculae (from 
the 14th to the 28th) and bone marrow (from the 28th 
to the 90th) — increased. The anatomical structure 
of the femurs was normal in all cases.

Therefore, on the basis of the conducted his-
tological study, it was determined that saturation 
of the alloimplant with growth factors obtained by 
centrifugation of blood at 1500 rpm contributes to its 
faster reconstruction with replacement by bone tissue 
of the lamellar structure on the 90th day, regardless 
of the age of the recipient. However, in clinical condi-
tions it is necessary to take into account the excessive 
formation of connective tissue in the area of the de-
fect after 14 and 28 days (especially in younger re-
cipients), which can negatively affect the mechanical 
properties of the bone and limit the load on it.

Conclusions
Saturation of bone alloimplants with growth fac-

tors of blood plasma contributes to their faster re-
construction (compared to a series of experiments 
where only alloimplant was used as osteoplastic ma-
terial) with replacement on the 90th day by bone tis-
sue of the lamellar structure, regardless of the age 
of the recipient. However, excessive formation of con-
nective tissue in the area of the defect after 14 and 
28 days (with the greatest manifestation in younger 

animals) can negatively affect the mechanical proper-
ties of the bone, which should be taken into account 
in clinical conditions.

Conflict of interest. The authors declare no conflict 
of interest.

References
1. Kazmirchuk, A., Yarmoliuk, Y., Lurin, I., Gybalo, R., Buri-

anov, O., Derkach, S., & Karpenko, K. (2022). Ukraine’s 
Experience with Management of Combat Casualties Using 
NATO’s Four-Tier “Changing as Needed” Healthcare System. 
World Journal of Surgery, 46(12), 2858–2862. https://doi.
org/10.1007/s00268-022-06718-3

2. Holt, E. (2022). Ukraine invasion: 6 months on. Lancet (Lon-
don, England), 400(10353), 649–650. https://doi.org/10.1016/
S0140-6736(22)01635-X

3. Nappe, C. E., Rezuc, A. B., Montecinos, A., Donoso, F. A., 
Vergara, A. J., & Martinez, B. (2016). Histological compari-
son of an allograft, a xenograft and alloplastic graft as bone 
substitute materials. Journal of Osseointegration, 8(2), 20–26. 
https://doi.org/10.23805/jo.2016.08.02.02

4. Sohn, H. S., & Oh, J. K. (2019). Review of bone graft and bone 
substitutes with an emphasis on fracture surgeries. Biomaterials 
Research, 23(1). https://doi.org/10.1186/s40824-019-0157-y

5. Hu, K., & Olsen, B. R. (2016). The roles of vascular endothe-
lial growth factor in bone repair and regeneration. Bone, 91, 
30–38. https://doi.org/10.1016/j.bone.2016.06.013

6. Crane, J. L., & Cao, X. (2014). Bone marrow mesenchymal 
stem cells and TGF-β signaling in bone remodeling. Jour-
nal of Clinical Investigation, 124(2), 466–472. https://doi.
org/10.1172/JCI70050

7. Popsuishapka, K., Ashukina, N., & Radchenko, V. (2017). De-
termination of the role of fibrin-enriched platelets in the process 
of regenerating the defect of the vertebral body (experimental 
study). Orthopaedics, Traumatology and Prosthetics, 3, 32–38. 
https://doi.org/10.15674/0030-59872017332-38

8. Serafini, G., Lopreiato, M., Lollobrigida, M., Lamazza, L., 
Mazzucchi, G., Fortunato, L., Mariano, A., Scotto d'Abus-
co, A., Fontana, M., & De Biase, A. (2020). Platelet Rich Fibrin 
(PRF) and Its Related Products: Biomolecular Characterization 
of the Liquid Fibrinogen. Journal of clinical medicine, 9(4), 
1099. https://doi.org/10.3390/jcm9041099

9. Ashukina, N., Maltseva, V., Vorontsov, P., Danyshchuk, Z., 
Nikolchenko, O., & Korzh, M. (2022). Histological evaluation 
of the incorporation and remodeling of structural allografts 
in critical size metaphyseal femur defects in rats of different 
ages. Romanian Journal of Morphology and Embryology= 
Revue Roumaine de Morphologie et Embryologie, 63(2), 349-
356. https://doi.org/10.47162/RJME.63.2.y

10. Poser, L., Matthys, R., Schawalder, P., Pearce, S., Alini, M., & 
Zeiter, S. (2014). A standardized critical size defect model in 
normal and osteoporotic rats to evaluate bone tissue engineered 
constructs. BioMed Research International, 2014. https://doi.
org/10.1155/2014/348635

11. Korzh, M. O., Vyrva, O. Y., Vorontsov, P. M., Khmyzov, S. O., 
Serbin, M.Y., Timchenko, D. S., Kuryata, O. P., & Maksy-
menko, O. M. (2015). Method for producing biomaterials 
from bone tissue. Ukrainian patent № 108813. https://base.
uipv.org/searchINV/search.php?action=viewdetails&IdClaim= 
213067&chapter=biblio

12. Golovina, Ya. O. (2022). A systematic approach to the surgi-
cal treatment of patients with long bone tumors using bone 
segmental alloimplants. Orthopaedics, traumatology and 
prosthetics, (1–2), 26–33. DOI: http://dx.doi.org/10.15674/0030-
598720221-2226-33

13. Baldwin, P., Li, D. J., Auston, D. A., Mir, H. S., Yoon, R. S., & 



ISSN 0030-5987. Orthopaedics, traumatology and prosthetics. 2023.  № 2

Koval, K. J. (2019). Autograft, Allograft, and Bone Graft 
Substitutes: Clinical Evidence and Indications for Use in 
the Setting of Orthopaedic Trauma Surgery. Journal of Or-
thopaedic Trauma, 33(4), 203–213. https://doi.org/10.1097/
BOT.0000000000001420

14. Samsell, B., Softic, D., Qin, X., McLean, J., Sohoni, P., Gon-
zales, K., & Moore, M. A. (2019). Preservation of allograft 
bone using a glycerol solution: A compilation of original 
preclinical research. Biomaterials Research, 23(1). https://
doi.org/10.1186/s40824-019-0154-1

15. Graham, R. S., Samsell, B. J., Proffer, A., Moore, M. A., Vega, 
R. A., Stary, J. M., & Mathern, B. (2015). Evaluation of glyc-
erol-preserved bone allografts in cervical spine fusion: A pro-
spective, randomized controlled trial. Journal of Neurosurgery: 
Spine, 22(1), 1–10. https://doi.org/10.3171/2014.9.SPINE131005

16. Nguyen, H., Morgan, D. A. F., & Forwood, M. R. (2007). 
Sterilization of allograft bone: Effects of gamma irradiation 
on allograft biology and biomechanics. Cell and Tissue Bank-
ing, 8(2), 93–105. https://doi.org/10.1007/s10561-006-9020-1

17. Pendleton, M. M., Emerzian, S. R., Liu, J., Tang, S. Y., O’Connell, 
G. D., Alwood, J. S., & Keaveny, T. M. (2019). Effects of ex 
vivo ionizing radiation on collagen structure and whole-bone 
mechanical properties of mouse vertebrae. Bone, 128. https://
doi.org/10.1016/j.bone.2019.115043

18. Miron, R. J., Xu, H., Chai, J., Wang, J., Zheng, S., Feng, M., 
Zhang, X., Wei, Y., Chen, Y., Mourão, C. F. de A. B., Sculean, 
A., & Zhang, Y. (2020). Comparison of platelet-rich fibrin 
(PRF) produced using 3 commercially available centrifuges 
at both high (~ 700 g) and low (~ 200 g) relative centrifugation 
forces. Clinical Oral Investigations, 24(3), 1171–1182. https://

doi.org/10.1007/s00784-019-02981-2
19. El Bagdadi, K., Kubesch, A., Yu, X., Al-Maawi, S., Orlowska, 

A., Dias, A., Booms, P., Dohle, E., Sader, R., Kirkpatrick, C. J., 
Choukroun, J., & Ghanaati, S. (2019). Reduction of relative 
centrifugal forces increases growth factor release within solid 
platelet-rich-fibrin (PRF)-based matrices: a proof of concept 
of LSCC (low speed centrifugation concept). European Journal 
of Trauma and Emergency Surgery, 45(3), 467–479. https://
doi.org/10.1007/s00068-017-0785-7

20. Wang, W., & Yeung, K. W. K. (2017). Bone grafts and bio-
materials substitutes for bone defect repair: A review. Bio-
active Materials, 2(4), 224–247. https://doi.org/10.1016/j.
bioactmat.2017.05.007

21. Sumida, R., Maeda, T., Kawahara, I., Yusa, J., & Kato, Y. 
(2019). Platelet rich fibrin increases the osteoprotegerin/recep-
tor activator of nuclear factor κB ligand ratio in osteoblasts. 
Experimental and Therapeutic Medicine, 18(1). https://doi.
org/10.3892/etm.2019.7560

22. Kyyak, S., Blatt, S., Pabst, A., Thiem, D., Al-Nawas, B., & 
Kämmerer, P. W. (2020). Combination of an allogenic and a 
xenogenic bone substitute material with injectable platelet-rich 
fibrin – A comparative in vitro study. Journal of Biomaterials 
Applications, 35(1), 83–96. https://doi.org/10.1177/0885328220914407

23. Serezani, A. P. M., Bozdogan, G., Sehra, S., Walsh, D., 
Krishnamurthy, P., Sierra Potchanant, E. A., Nalepa, G., 
Goenka, S., Turner, M. J., Spandau, D. F., & Kaplan, M. H. 
(2017). IL-4 impairs wound healing potential in the skin 
by repressing fibronectin expression. Journal of Allergy 
and Clinical Immunology, 139(1), 142–151.e5. https://doi.
org/10.1016/j.jaci.2016.07.012

The article has been sent to the editors 22.05.2023

* Petro Vorontsov, MD, PhD in Traumatology and Orthopaedics: vorontsov64@ukr.net 
* Nataliya Ashukina, PhD in Biol. Sci.: natalya.ashukina@gmail.com 
* Valentyna Maltseva, Phd in Biol. Sci.: maltseva.val.evg@gmail.com 
* Zinaida Danуshchuk, MD: zinada1962@gmail.com 
* Olga Nikolchenko, PhD in Biol. Sci.: o_nicolchenko@ukr.net 
* Kateryna Samoylova: samoylova_e@ukr.net

HISTOLOGICAL EVALUATION OF REPARATIVE OSTEOGENESIS  
IN CRITICAL SIZE FEMORAL BONE DEFECTS IN RATS  
OF DIFFERENT AGES AFTER INTRODUCTION OF ALLOGRAFTS SATURATED 
WITH BLOOD PLASMA GROWTH FACTORS
P. M. Vorontsov, N. O. Ashukinа, V. Ye. Maltseva,  
Z. M. Danуshchuk, O. A. Nikolchenko, K. M. Samoylova
Sytenko Institute of Spine and Joint Pathology National Academy of Medical Sciences of Ukraine, Kharkiv


