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Abstract
Introduction The use of ceramic materials is a promising approach to bone defect repair. Various orthobiological 
agents are used to improve their properties and enhance their regenerative potential.
The aim of this study was to determine the efficacy of platelet-rich plasma in repairing bone defects 
with yttria‑doped zirconia ceramic implants.
Materials and Methods Bioceramic samples were zirconium dioxide. The ceramic implants measured 
0.15 × 0.15 × 1.00 cm. Male Chinchilla rabbits were used in the experiment: Group 1 (n = 10) included animals 
that underwent bilateral metaphyseal bone defect filling with implantation of ceramic augments; Group 2 
(n = 10) included animals that underwent bone defect repair without implantation. Platelet-rich plasma (PRP) 
was injected into the bone defect in the right femur of rabbits in both groups; PRP was not injected into the defect 
in the left femur. Blood samples were collected preoperatively and at the end of the experiment, four and eight 
weeks after surgery. Key blood parameters, including C-reactive protein, and platelet-derived growth factor 
(PDGF) in PRP were determined. To assess the effect of PRP on the dynamics of osteogenesis, a comparative 
histological analysis of the tissue structure in the simulated bone defect area was conducted.
Results No significant differences were found between the groups in key parameters of leukocytes, 
erythrocytes, and platelets, or C-reactive protein levels, either preoperatively or eight weeks after surgery. 
The concentration of PDGF in the injected PRP did not differ significantly between the groups. Histological 
analysis showed that injection of PRP increased the number of regenerating bone trabeculae and reduced 
the number and size of fibrotic foci and osteochondral callus in both groups.
Discussion Autologous PRP has previously been shown to be a simple and effective way to enhance bone 
regeneration due to the release of multiple growth factors by platelets, which regulate key biological processes, 
including angiogenesis, inflammation resolution, and tissue regeneration. Our study aimed to investigate 
whether platelet-rich plasma enhances the osteogenic potential of zirconia ceramic implants in bone defect 
repair. Our results confirm that PRP, with a platelet concentration of 800 × 109/L to 1200 × 109/L, a white blood 
cell count of 4–7 %, and a red blood cell count of no more than 1 % of the baseline blood count, may be a useful 
tool for bone regeneration.
Conclusion The use of PRP is effective in compensating bone defects using zirconia ceramic implants. 
However, further rigorous clinical studies are needed to integrate PRP-based methods into evidence-based 
medical practice.
Keywords: bone tissue, defect repair, implant, zirconium ceramics, platelet-rich plasma, osseointegration, 
experiment
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INTRODUCTION

Bone defect repair is a key objective in modern traumatology and orthopedics. Every year, 
the number of  injuries, degenerative diseases, and oncological pathologies involving bone tissue 
and requiring surgical treatment and, in some cases, defect repair continue to grow. The number 
of surgical interventions for intra-articular and comminuted fractures with bone defects is increasing 
every year [1, 2, 3].

Various osteoplastic materials are used to compensate bone defects. Autografts are considered 
the "gold standard," but their use is associated with potential complications, both at the donor site 
and at the site of defect 4]. The use of allografts and xenografts also has significant drawbacks [5]. 
A  shortage of natural sources, coupled with the growing demand for implants, has stimulated 
the search for and development of artificial materials for osteoplasty.

One promising area for bone defect repair is the use of ceramic materials. The broad range 
of properties of bioceramics and their good compatibility with human tissue make this material 
potentially suitable for solving a wide range of problems in traumatology and orthopedics  [6]. 
Yttria-stabilized zirconia dioxide bioceramics occupy an important place. This material exhibits 
exceptional mechanical properties and biocompatibility, and does not cause cytotoxic effects 
or allergic reactions in surrounding tissues [7, 8].

Due to their physicochemical properties, bioceramics used for bone plasty primarily exhibit 
osteoconductive properties [9]. To improve the properties of osteoplastic materials and enhance 
their regenerative potential, various orthobiological preparations are used [10]. Particular attention 
has been paid in recent years to platelet-based biopreparations [11]. It has been noted that the use 
of platelet-rich plasma (PRP) not only improves the proliferation of mesenchymal stem cells [12], but 
also promotes their osteogenic differentiation [13]. Studies show that the use of PRP in combination 
with ceramic or composite implants can promote osteoinduction [14] and significantly improve 
treatment outcomes [15]. The results of the combined use of PRP therapy with bone plasty materials 
are considered promising [16]. At the same time, it was noted that, despite the additional advantages 
of combining ceramic osteosubstituting materials with platelet-based orthobiological products, 
further experimental and clinical studies are needed.

The aim of this study was to determine the efficacy of platelet-rich plasma in repairing bone defects 
with yttrium-doped zirconium dioxide ceramic implants.

MATERIALS AND METHODS

Experimental animals

Experimental animals were male chinchilla rabbits kept in the vivarium of the Ural State Medical 
University at a temperature of 23–25 °C, with a 12-hour day/night lighting cycle, and with access 
to  food and water ad libitum. All experiments were carried out in accordance with the Good 
Laboratory Practice Rules (Order of the Ministry of Health of the Russian Federation No. 199n 
dated  01.04.2016), State Standards (GOST 33215-2014, GOST 33216-2014 "Guidelines for the 
care and  maintenance of  laboratory animals"), and the European Convention for the Protection 
of Vertebrate Animals used for Experimental and other Scientific Purposes (ETS No. 123, Strasbourg, 
18 March 1986 with the appendix dated 15.06.2006). The studies were approved by the institutional 
ethics committee of the Federal State Budgetary Educational Institution of Higher Education 
Ural State Medical University of the Ministry of Health of the Russian Federation (protocol No. 4 
dated 26.05.23).
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All rabbits were divided into two groups: group 1 (n = 10) included animals that underwent modeling 
of  bilateral metaphyseal bone defects in their femurs with implantation of ceramic augments; 
group  2  (n = 10) included animals that also underwent modeling of bilateral metaphyseal bone 
defects in their femurs but did not undergo implantation of ceramic augments. Rabbits in  both 
groups  received PRP injections into the bone defect in the right femur; PRP was not injected 
into the defect in the left femur.

Surgical modeling of a bone defect in the distal metaphysis of the femur

To model a bone defect, the experimental animal was placed on their side, the hind limb was 
treated with antiseptic solutions, and the surgical field was covered with sterile surgical drapes. 
A 1‑cm longitudinal skin incision was made along the lateral surface of the lower third of the thigh 
in the projection of the femur. Soft tissue along the approach was separated using a blunt dissection. 
A bone defect was created in the distal metaphysis of the femur parallel to the articular surface 
of the knee using a 2.0-mm Kirschner wire. The bone defect was modeled bilaterally. PRP was injected 
into the bone defect in the right limb; no PRP was injected into the bone defect in the left limb.

In group 1, ceramic augments (0.15 × 0.15 × 1 cm) were implanted into the bone defects of both 
femurs. In group 2, ceramic augments were not implanted into the bone defects of either femur. 
The wound was sutured layer by layer, the skin was treated with an antiseptic, and an aseptic dressing 
was applied. In each group, five animals were sacrificed four weeks after surgery, and five animals 
were sacrificed eight weeks after surgery.

Material for bone defects compensation

Bioceramic implants made of zirconium dioxide (ZrO2) doped with yttrium oxide (Y2O3, 5 wt %) were 
obtained at the Institute of High-Temperature Electrochemistry, Ural Branch of the Russian Academy 
of Sciences. The material has closed porosity, with a pore volume fraction of approximately 15 %. 
Pores range in size from 1–2 to 30 μm and have complex shapes. The ceramic implants measured 
0.15 × 0.15 × 1 cm (Fig. 1).

Fig. 1 Ceramic implants 
made of yttrium 
oxide‑doped zirconium 
dioxide and a cross‑section 
of the implant

Preparation of plasma, serum, PRP

The procedure for collecting blood in both groups was carried out before surgery and at withdrawal 
from the experiment four and eight weeks after surgery.

Blood was collected from the marginal vein of the rabbit ear:

— in tubes with EDTA-K2 (ethylenediaminetetraacetate potassium) to determine hematological 
parameters;

— in tubes without anticoagulant to obtain serum, which was then was frozen and stored at –80 °C 
until enzyme-linked immunosorbent assay (ELISA);

— in tubes with 3.2 % sodium citrate in a 9:1 ratio.
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To obtain PRP, blood with sodium citrate was centrifuged for 7 minutes at 1500 rpm. The resulting 
plasma was aspirated with a sterile insulin syringe, 200 µl was placed in an Eppendorf tube for platelet count 
determination using a Cell-70 hematology analyzer (Biocode-Hygel, France) and subsequent freezing. 
The remaining PRP (1 ml) was injected into the metaphyseal defect of the right femur.

Laboratory tests

Laboratory studies were conducted at the Central Scientific Research Laboratory of the Ural 
State Medical University. Basic blood parameters were determined using a Cell-70 automated 
hematology analyzer (Biocode-Hygel, France). Platelet-derived growth factor (PDGF subunit  A, 
rabbit) was determined after the PRP freeze-thaw procedure using ELISA kits (Cloud-Clone Corp., 
China). C-reactive protein (CRP, rabbit, Cloud-Clone Corp) and osteocalcin (Osteocalcin, rabbit, 
Cloud‑Clone Corp) were also determined using ELISA. The analysis was performed using a system 
including a Termo Scirntific Multiskan GO plate enzyme immunoassay analyzer (Japan); a Thermo 
Scientific Wellwash washer (Japan), and an Elmi ST-3L shaker-thermostat (Latvia).

Histological study

After the animal was sacrificed, block-like samples of bone tissue were collected from the distal 
femoral metaphyses and fixed by immersion in 10 % buffered formaldehyde at room temperature 
for at least seven days. Following fixation, the samples were decalcified for 48 hours in a solution 
of  hydrochloric (11.5 ± 0.5 %) and formic (5.8 ± 0.3 %) acids, which was replaced every 24 hours. 
The decalcified samples were sectioned at the bone defect site to form 2- to 4-mm-thick plates. 
The resulting plates were dehydrated in graded ethanol and embedded in paraffin to form blocks. 
The paraffin blocks were then sectioned to 3- to 4-µm-thick sections, and the material was stained 
with  hematoxylin and eosin. Ceramic implants were removed during the excision of samples 
for  histological examination after decalcification. Histological sections were prepared using 
a CUT 4062 mechanical rotary microtome. Histological and morphometric studies were performed 
using an  Olympus CX-31 microscope and an Olympus DP27 camera. The degree of fibrosis, 
the presence and severity of osteochondral callus, and regenerating bone trabeculae were assessed, 
and the presence of inflammatory infiltrate was determined.

Statistical protesting of the findings

Variation statistics were used using Statistica 10 software. The Mann-Whitney test was used 
to compare the groups. A p < 0.05 level was considered statistically significant. Data are presented 
as median [interquartile range].

RESULTS

To assess the impact of the implanted ceramic material on the overall health of the experimental 
animals, general hematological parameters were determined dynamically (before and after surgery). 
A complete blood count (Table 1) revealed no significant differences in the key white blood cell, red 
blood cell, and platelet counts between groups 1 and 2, either before or after surgery.

The analysis of the inflammatory marker C-reactive protein preoperatively showed no significant 
differences between the groups (Fig. 2). However, four weeks after surgery, CRP levels were 
significantly higher in the animals of group 1 than in group 2, which could be related to both the 
body's response to the implant and the implantation technique. Eight weeks after surgery, no 
differences in inflammatory marker levels were found between the groups.

The concentration of osteogenesis marker osteocalcin four weeks after surgery was significantly 
higher in group 2. However, after eight weeks, significantly higher osteocalcin levels were observed 
in group 1 (Fig. 3). These data indicate changes in the dynamics of osteogenesis in the animals with 
ceramic implant compared to the animals in the control group.
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Table 1
Basic hematological parameters before and after modeling of bone defect in rabbits

Параметры и группы
Median [interquartile range]

Baseline (n = 10) 4 weeks (n = 5) 8 weeks (n = 5)

Leukocytes (WBC), ×109/l

Group 1 11.4 [10.3; 12.4] 7.8 [7.5; 8.1] 9.4 [9.3; 9.7]

Group 2 10.4 [9.3; 10.6] 8.2 [7.8; 8.4] 8.5 [7.4; 9.6]

p 0.109 0.095 0.413

Erythrocytes (RBC), ×1012/l

Group 1 5.72 [5.50; 6.10] 6.06 [5.76; 6.23] 5.82 [5.74; 5.84]

Group 2 6.08 [5.65; 6.23] 5.24 [5.19; 5.51] 5.56 [5.38; 5.97]

p 0.193 0.056 0.286

Hemoglobin (HGB), (g/l)

Group 1 130 [122; 135] 130 [126; 138] 130 [129; 130]

Group 2 135 [128; 139] 120 [117; 126] 125 [118; 132]

p 0.193 0.151 0.556

Hematocrit (HCT), %

Group 1 37.5 [35.8; 38.6] 39.0 [37.0; 39.8] 37.3 [37.0; 37.5]

Group 2 39.6 [36.7; 40.4] 35.9 [34.8; 38.1] 36.9 [35.1; 38.3]

p 0.109 0.151 0.730

Platelets (PLT), ×109/l

Group 1 211 [199; 243] 216 [202; 223] 239 [234; 244]

Group 2 212 [176; 231] 239 [217; 280] 235 [181; 290]

p 0.669 0.413 0.730

Mean platelets volume (MPV), fl

Group 1 3.7 [3.4; 4.1] 4.1 [3.6; 4.2] 3.5 [3.4; 3.5]

Group 2 3.4 [3.3; 3.9] 3.8 [3.7; 3.9] 3.8 [3.3; 4.8]

p 0.417 0.548 0.413

Relative width of platelet 
distribution by volume PDW

Group 1 19.0 [18.2; 19.9] 19.9 [19.3; 20.7] 17.7 [17.5; 18.3]

Group 2 18.4 [17.8; 19.0] 19.3 [18.4; 19.3] 18.4 [17.6; 19.0]

p 0.270 0.310 0.730

Band neutrophils, ×109/l

Group 1 0.21 [0.11; 0.28] 0.22 [0.08; 0.24] 0.19 [0.19; 0.22]

Group 2 0.09 [0.00; 0.28] 0.11 [0.08; 0.17] 0.26 [0.17; 0.34]

p 0.364 0.310 0.556

Segmented neutrophils, ×109/l

Group 1 3.30 [2.71; 4.72] 3.55 [2.35; 4.56] 2.88 [2.59; 3.35]

Group 2 2.88 [2.60; 4.49] 2.81 [2.77; 3.10] 2.85 [2.33; 3.56]

p 0.475 0.690 0.905

Eosinophils, ×109/l

Group 1 0.32 [0.14; 0.56] 0.13 [0.08; 0.21] 0.09 [0.07; 0.12]

Group 2 0.20 [0.12; 0.32] 0.25 [0.17; 0.31] 0.12 [0.08; 0.24]

p 0.613 0.343 0.730

Basophils, ×109/l

Group 1 0.0 [0.0; 0.0] 0.0 [0.0; 0.0] 0.0 [0.0; 0.0]

Group 2 0.0 [0.0; 0.1] 0.0 [0.0; 0.0] 0.0 [0.0; 0.0]

p 0.161 0.690 0.556

Lymphocytes, (LYM), ×109/l

Group 1 7.21 [4.62; 7.78] 3.31 [2.64; 4.11] 5.95 [5.12; 6.91]

Group 2 6.90 [5.58; 7.06] 4.16 [3.90; 4.37] 5.05 [.22; 5.46]

p 0.475 0.343 0.286

Monocytes (MON), ×109/l

Group 1 0.33 [0.22; 0.79] 0.41[0.30; 0.44] 0.28 [0.23; 0.29]

Group 2 0.31 [0.20; 0.36] 0.64 [0.46; 0.83] 0.24 [0.15; 0.32]

p 0.315 0.151 0.730
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Fig. 2. C-reactive protein levels before and after 
modeling a bone defect in rabbits that received 
ceramic implants (group 1) and in the rabbits 
without implantation (group 2). The results are 
presented as median and interquartile range

Fig. 3 Osteocalcin concentration after modeling 
a  bone defect in rabbits that received ceramic 
implants (group 1) and in rabbits without 
implantation (group 2). The results are presented 
as median and interquartile range

The resulting PRP was characterized using parameters such as platelet, leukocyte, and erythrocyte 
concentrations (Table 2). The relative leukocyte count did not exceed 5–8 %, and the erythrocyte 
count did not exceed 1 % of the baseline blood levels of these cells. The concentration of PDGF, 
a growth factor released during platelet activation, also showed no significant differences between 
groups 1 and group 2. Relative to the baseline blood level, the platelet count in the PRP was increased 
fourfold, and the mean platelet volume was increased 1.4-fold (Fig. 4).

Table 2
Indices of PRP injected in the rabbits of the study groups

Parameters Median [interquartile range]
Group 1 Group 2 p

Platelets (PLT), ×109/l 846 [837; 1204] 808 [790; 1110] 0.310
Mean platelet volume (MPV), fl 5.0 [5.0; 5.1] 4.8 [4.3; 5.0] 0.421
Leukocytes (WBC), ×109/l 0.50 [0.40; 0.70] 0.70 [0.60; 0.90] 0.310
Erythrocytes (RBC), ×1012/l 0.04 [0.03; 0.04] 0.04 [0.04; 0.05] 0.421
PDGF, ng/ml 1.89 [1.88; 2.18] 1.78 [1.75; 2.14] 0.364

Fig. 4 Comparison of platelet levels (a) and mean platelet volume (b) in blood and PRP obtained from it 
in the rabbits of the studied groups. The results are presented as median and interquartile range
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To assess the effect of PRP on the dynamics of osteogenesis during surgical modeling of a bone defect 
in the area of the distal metaphysis of the rabbit’s femur, a comparative analysis of the histological 
structure of tissues in the area of the bone defect modeling was carried out.

Histological analysis revealed that four weeks after surgery, large foci of fibrosis (Fig. 5a) and foci 
of  incomplete secondary osteogenesis (Fig. 5b) were observed in the microscopic specimens 
of  group  2 (without implantation) with modeling of the defect without PRP administration. 
In the case of PRP administration, regenerating bone trabeculae were observed, indicating more 
effective regeneration under the conditions of the platelet-derived product injection (Fig. 5c).

In group 1 (with ceramic implants), a more active reparative process was also observed with PRP 
injection into the defect area. However, unlike group 2 and regardless of PRP use, inflammation was 
observed in the peri-implant area (Fig. 5g). The inflammation may be related to both the reaction 
to the implant and the implantation technique.

Fig. 5 Features of the histological structure of tissues in the area of modeling a bone defect in rabbits 4 weeks after 
surgery: (a) a large focus of fibrosis in the animals without implantation and without PRP, ×40, G-E; (b) a small focus 
of incomplete secondary osteogenesis in animals without implantation, without PRP, ×100, G-E; (c) regenerating 
bone trabecula, animals with implantation, with PRP, ×100, G-E; (d) inflammation in the implant area, animals with 
implantation, with PRP, ×100, G-E

Eight weeks after surgery without PRP administration, bone tissue micropreparations 
from  the  animals  in  both  groups showed signs of incomplete reparative bone regeneration, 
including  secondary (enchondral) osteogenesis and areas of fibrosis. However, the use of PRP 
promoted more effective reparative regeneration in both the group that did not undergo bone defect 
augmentation and the group that received the implant. Regenerating bone trabeculae were detected 
in both groups. Table 3 presents the comparative results for PRP use in groups 1 and group 2.

Thus, the use of PRP increased the number of regenerating bone trabeculae in both groups 1 
and  group 2. The use of the platelet-derived product also resulted in a decrease in the number 
and  size of fibrotic foci and osteochondral callus in both groups. The signs of inflammation 
in the histological samples are likely related to the body's response to the insertion of the artificial 
implant; the influence of the implantation technique could be ruled out either. However, it should 
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be noted that by the eighth postoperative week, the level of the biochemical inflammation marker 
C-reactive protein in the group of animals that received implantation did not differ significantly 
from the group of animals that did not.

Table 3
Comparison in regard to PRP use in groups

Focuses
Group 1 Group 2 

PRP (–) PRP (+) PRP (–) PRP (+)

Fibrosis Multiple large Solitary small multiple small, 
solitary large Solitary small 

Osseo-cartilaginous callus Multiple small, 
solitary large Solitary small multiple small, 

solitary large Solitary small 

Regenerating bone trabeculae Single Multiple Not dtected multiple
Inflammatory infiltration + + – –

Note: fibrosis: solitary — no more than one focus in three fields of view at ×40; small — fewer than 1 field of view at ×100; 
multiple — two or more focuses in three fields of view at ×40; large — more than 1 field of view at ×100. Osseo-cartilaginous 
callus: solitary — not more than 1 focus in three fields of view at ×40; small — fewer than 1 field of view at ×200; multiple — 
two or more focuses in three fields of view at ×40; large — more than one field of view at ×200. Regenerating bone 
trabeculae: solitary— not more than three regenerating trabeculae in a sample; multiple — more than three regenerating 
trabeculae in a sample

DISCUSSION

The desire to find optimal treatment strategies for patients with bone injuries has led to the 
study of the potential use of PRP to accelerate fracture healing [17], since platelet-rich plasma 
is a  cost‑effective autologous preparation containing a wide range of growth factors, cytokines, 
and adhesion molecules [18].

Direct injection of PRP into the injured area provides a high concentration of growth factors at the site 
of injury, which promotes tissue repair, reduces inflammation, and accelerates the  regenerative 
process [19]. The use of platelet-rich plasma in surgical procedures can be combined with the use 
of bone grafts; this approach is aimed at optimizing the integration of osteosubstituting materials 
and at increasing the effectiveness of reparative regeneration [19]. Currently, the efficacy and safety 
of PRP have been demonstrated in a large number of medical studies [20]. However, the regenerative 
effects of PRP used along with artificial, particularly ceramic, implants have not yet been fully 
elucidated [21].

It is known that the effectiveness of PRP depends on the donor's health [22]. A clinical blood test can 
reflect the general health. Our study showed that the introduction of zirconium dioxide implants 
to  the animals included in the study did not significantly affect red blood cell, white blood cell, 
or platelet counts during the postoperative period.

Yttria-stabilized zirconia-based bioceramics, in addition to exceptional mechanical properties, 
also exhibit biocompatibility and do not cause cytotoxic effects or allergic reactions in surrounding 
tissues [23, 24]. In our study, a highly sensitive analysis of C-reactive protein concentrations revealed 
that  implantation increased the level of this inflammatory marker in rabbits relative to animals 
that  did  not  receive the implant. However, given that no differences in C-reactive protein levels 
were detected between the groups by the end of the follow-up, it can be concluded that this reaction 
was associated not with the physicochemical properties of the ceramic material, but with the body's 
response to the implant and the surgical technique.

We previously showed that the rate of human fibroblast proliferation in the presence of bioceramic 
samples is slower than in controls during the initial stages of cell culture growth  [25]. 
In the present study, we used osteocalcin to assess osteogenesis, which is released by osteoblasts 
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during osteosynthesis and is used as an informative marker of bone formation [26]. We found 
that the application of the implant slows down the osteogenesis process in the early postoperative 
period, which can be explained by adaptation processes to the introduction of an artificial bone 
substitute material.

The PRP obtained in this study was characterized in terms of cell composition and the concentration 
of platelet-derived growth factor released from alpha granules upon activation. Platelet count is one 
of the main parameters routinely assessed during PRP preparation, as it is believed to be related 
to  the concentration of biologically active components in the platelet product. Although a clear 
correlation between platelet count in PRP and clinical response is currently not supported [27], 
the recommended platelet count in PRP ranges from 800×109 до 1200×109/L [21, 28]. In our study, 
the platelet count in PRP in both groups complied with these recommendations.

Recent studies have shown that mean platelet volume can be a useful parameter. A higher MPV 
indicates a higher concentration of bioactive molecules [29]. We found that the MPV in our PRP 
was significantly higher than that in rabbit whole blood. This may be due to the plasma preparation 
technique. We observed this finding in both groups of the animals studied.

Leukocytes perform numerous biological functions that typically promote and initiate inflammation. 
Leukocyte levels should be measured and reported by describing PRP preparation [30]. The benefit 
of including leukocytes in PRP is controversial, but the release of beneficial cytokines by leukocytes 
is considered a positive factor, especially in cases where an initial pro-inflammatory process is 
necessary [31]. At the same time, the presence of erythrocytes in PRP is considered undesirable [32]. 
In our study, a small number of leukocytes (4–7 % of the initial level) was retained in the PRP product, 
and the residual number of erythrocytes did not exceed 1 % of their initial content in the blood.

Platelet alpha granules, release numerous growth factors being activated, including platelet‑derived 
growth factor (PDGF), vascular endothelial growth factor (VEGF), fibroblast growth factor (FGF), 
epidermal growth factor (EGF), and insulin-like growth factors (IGF-1 and IGF-2). These factors 
control key biological processes, including angiogenesis induction, inflammation resolution, 
and tissue regeneration [33]. The level of growth factors in PRP, and consequently its quality, can 
be determined after the freeze-thaw procedure [34]. We applied this method with subsequent 
determination of PDGF; the level of platelet-derived growth factor was similar in the PRP products 
of the studied groups. The work of Pulcini et al. found a direct correlation between the platelet count 
and the PDGF-AA isoform, but not with the -BB and -AB isoforms. We did not find a correlation 
between the platelet count and PDGF [21]. This can be explained by the fact that we determined 
the A subunit, which is present in both the PDGF-AA and PDGF-AB isoforms.

The use of PRP to improve bone tissue regeneration during bone defect reconstruction is varied. 
In  particular, the use of autologous PRP is a simple and effective way to ensure osteoinduction 
and improve bone regeneration in bone grafting and tissue-engineered bone reconstructions [35, 36].

Our study aimed to investigate whether platelet-rich plasma enhances the osteogenic potential 
of zirconia ceramic implants in the restoration of bone defects. Histological evaluation 
of the effectiveness of using PRP for osteogenesis correction in a surgically modeled bone defect 
in  the  distal metaphysis of rabbits’ femurs was performed four and eight weeks after surgery. 
The previous study of Saginova et al. showed that the PRP-and-bone graft complex improves bone 
tissue restoration in a bone defect at the initial stages of bone regeneration [37]. Oktaş et al. also 
found that the use of PRP can play a role in accelerating fracture healing and eliminating nonunion 
at very early stages in the restoration of bone defects [38]. Our data are consistent with those 
studies; we also showed that four weeks after the implantation of the ceramic material a more active 
reparation process was observed after PRP injection into the defect area. At a later date, eight weeks 
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