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ABSTRACT 

Calcium hydroxyapatite is a widely used material for replacing 
bone defects. However, the effectiveness of nano-crystalline 
calcium hydroxyapatite produced from eggshells in the 
replacement of bone defects has not been investigated yet. The 
study aimed to evaluate the effectiveness of using nano-crystalline 
calcium hydroxyapatite made from eggshell for the healing of 
bone defect of the femur in rats. Forty-eight (n=48) rats 
underwent a surgical procedure to simulate femoral defect. The 
animals were sub-divided into 4 groups (each with n=12) 
depending on the methods of bone defect replacement: I control 
group (CG) (without bone defect replacement); II intervention 
group (the bone defect was replaced by PRP (PRP); III 
intervention group (the bone defect was replaced by nano-

crystalline hydroxyapatite obtained from eggshell) (HA) and IV 
interventional group (the bone defect was replaced by a 
combination of hydroxyapatite and PRP) (HA+PRP).  The degree 
of effectiveness of studied methods was assessed using 
radiological (on the 14th day), histological (on the 61st day), and 
biomechanical analysis (on the 61st day). According to 
radiographic data, the CG group had the lowest level of bone 
regeneration after 14 days (4.2 ±1.7%). In the HA + PRP group, 
the level of bone regeneration was 22.1±7.1 %, which was higher 
in comparison with the rates of consolidation of bone defects in 
the HA group (20.7± 9.3) (p = 0.023). According to the histo-
morphometry data, the rates of bone tissue regeneration in the 
PRP group (19.8 ±4.2%) were higher in comparison with the CG 
group (12.7 ± 7.3%), (p>0.05). In the HA+PRP group, bone 
regeneration rates (48.9±9.4 %) were significantly higher 
(p=0.001) than in the HA group (35.1±9.8%). According to the 
results of biomechanical assessment under the maximum stress 
(121.0722), the maximum bending deformation of the 
contralateral bone without defect was 0.028746, which was 
higher than the indicators of the HA+PRP group, where at the 
maximum stress (90.67979) the bending deformation was 
0.024953 (p>0.05). Compared to CG, PRP, and HA, 
biomechanical bone strength was significantly higher in the HA 
+ PRP group (p≤0.01). At the maximum stress (51.81391), the 
maximum bending strain in the CG group was 0.03869, which 
was lower than in the PRP group, where the maximum stress and 
bending strain were 59.45824 and 0.055171, respectively 
(p>0.05). However, the bone strength of the HA group was 
statistically significantly higher compared to the CG and PRP 
groups (p<0.01). The results demonstrated the effectiveness of the 
use of nano-crystalline calcium hydroxyapatite obtained from 
eggshell in the healing of a bone defect. The best results were 
observed in the group of the combined use of nano-crystalline 
calcium hydroxyapatite and PRP.  
 
Keywords: Bone defect, bone fracture, hydroxyapatite, PRP, ex-
perimental study.
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INTRODUCTION 

Autologous replacement of bone defects is the gold stand-
ard of the treatment of bone defects in orthopaedics (1). How-
ever, difficulties associated with obtaining donor materials 
hamper a wide implication of such methods in the clinics (2).  

Up to date, different types of bone substitute materials 
have been proposed (with properties close to autologous ma-
terials)  (3).  It encompasses organic and synthetic com-
pounds such as type I collagen, calcium phosphate, calcium 
hydroxyapatite and others (4). Materials for bone replace-
ment should demonstrate excellent conductive and biological 
properties. In addition, the concentration of bone minerals 
has to be as close as possible to the physiological composi-
tion of bone tissue (5). For example, calcium hydroxyapatite, 
consisting of a complex of phosphorus and calcium, is a key 
material of skeletal tissue, and for this reason, many types of 
bone grafts contain it as a basic component  (6).   

One of the sources of calcium hydroxyapatite is eggshell. 
The eggshell is the end-product of the food industry, and it 
has been considered waste, which contributes to pollution. 
The use of the eggshell as a material for a bone graft is eco-
nomically beneficial and environmentally friendly (7). It 
should be noted, that the size and biological properties of the 
resulting particles of the calcium-phosphate complex (from 
calcium hydroxyapatite) are very convenient for bio-engi-
neering applications  (8). In this study, we utilized nano-crys-
talline calcium hydroxyapatite obtained from eggshell, which 
is a biologically soluble film based on nano-sized polymer 
fibres (9). 

 The calcium hydroxyapatite obtained from eggshells 
possesses the ability to degrade rapidly, which leads to the 
increase in the local concentration of calcium at the site of a 
bone defect  (10). Moreover, it has been shown that it can 
facilitate sufficient osseo-integration during bone regenera-
tion (11) . However, the level of degradability of synthetic 
calcium hydroxyapatite is low compared to calcium hydrox-
yapatite obtained from the eggshell (11).   Apart from that, 
no preclinical study has been carried out to evaluate the ef-
fectiveness of a biologically soluble film obtained from egg-
shells based on nano-sized polymer fibers and calcium hy-
droxyapatite. 

The aim of this study was to assess the effectiveness of 
the use of nano-crystalline calcium hydroxyapatite made 
from eggshell for the healing of a critical bone defect in vivo. 

MATERIAL AND METHODS 

Ethical issues 

The study was carried out in the Laboratory of Experi-
mental Medicine of NJSC " S.D. Asfendiyarov KazNMU", 
Almaty, Kazakhstan. The experimental study protocol was 
approved by the Local Ethics Committee of S. D. Asfendi-
yarov Kazakh National Medical University (Approval No. 
871), dated January 29, 2020. 

The animals were kept in accordance with the interna-
tional rules "Guide for the Care and Use of Laboratory Ani-
mals" (National Research Council, 2011), as well as with the 
ethical principles of the European Convention for the Protec-
tion of Vertebrate Animals used for Experimental and Other 
Scientific Purposes (Strasbourg, 2006). 

An experimental study was carried out on outbred rats (n 
= 48) weighing 175 ± 42 grams. Animals before and after the 
operation were kept in the conditions of the Vivarium of the 
Atchabarov Research Institute of Fundamental and Applied 
Medicine (Republic of Kazakhstan, Almaty) with a standard 
diet and care. 

In order to minimize the number of animals used in the 
experiment, the required number of samples was adjusted 
and optimized up to n = 48 outbred rats. 

 

Study design 

Laboratory animals (n = 48) were divided by random ran-
domization into 4 groups: 

1) group I - Control group (CG), formation of a bone 
defect, without additional interventions (n = 12); 

2) group II - Interventional group (PRP-G): bone defect 
formation + PRP (n = 12); 

3) group III - Interventional group (CH-G): bone defect 
formation + nanocrystalline calcium hydroxyapatite 
(n = 12); 

4) group IV - Interventional group (PRP + CH): nano-
crystalline calcium hydroxyapatite + PRP (n = 12). 
 

PRP preparation 

Venous blood obtained from the tail vein in a volume of 
1 ml (vacutainer with EDTA, China). Then it was centrifuged 
for 5 minutes at a force of 2000 xg 1200 rpm  (12). After 
centrifugation, plasma was aspirated from the top of the tube. 
Quality control of platelet-rich plasma was carried out using 
a Sysmex XE-2100 hematology analyzer (Sysmex, Kobe, Ja-
pan). 

Synthesis of nano-crystalline calcium hydroxyapatite 

Nano-crystalline calcium hydroxyapatite was obtained 
from eggshell, which was annealed for 2 - 3 hours at a tem-
perature of 900 ° - 1000 ° C. After annealing, the powder was 
loaded into an enamel reactor, and then, a 6-9% solution of 
ortho-phosphoric acid was introduced with constant stirring 
and heating up to 60 - 80 ° C to accelerate the chemical reac-
tion. The resulting solution was exposed to ultrasound for 1–
2 h at a frequency of 32–36 kHz to ensure the same size of 
calcium hydroxyapatite nanocrystals. The resulting micron-
dispersed powder was a material with dimensions equal to 1-
2 microns. The Ca / P ratio in the synthesized nano-
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crystalline calcium hydroxyapatite was 1.67, which corre-
sponds to the stoichiometric ratio of calcium hydroxyapatite 
in the human bone structure. The synthesized nano-crystal-
line calcium hydroxyapatite was used to obtain films based 
on nano-sized polymer (9). 

The modelling of a bone defect 

The bone defect was simulated under sterile conditions 
with a pre-shaved surgical field, under general anaesthesia 
(ketamine 70 mg / kg + xylazine 6 mg / kg) (13)  the dose and 
time of administration of the substances were recorded. Dur-
ing the procedure, the rats were fixed on the operating table 
in a lateral position. All animals underwent the formation of 
a bone defect in the middle third of the right femur using a 
Strong 204-102L dental drill with a 2 mm drill (Figure 1). 
The defect was formed by drilling the cortical layer and form-
ing an oval-shaped defect with a length of 3 mm (3, 13)  while 
maintaining the integrity of the bone marrow and medullary 
vessels (14).  

In the group I (CG), a bone defect was formed without 
additional interventions. In the group II (PRP), PRP was used 
to replace the formed bone defect. Plasma was injected into 
the bone defect with an excess of a syringe with a short nee-
dle (18G1½) (14).  

In group III (CH), a bone defect was formed using nano-
crystalline calcium hydroxyapatite in the form of a paste (9).  

In group IV (PRP + CH), after the formation of a bone 
defect, nano-crystalline calcium hydroxyapatite was used in 
the form of a paste in combination with PRP. 

In animals of all studied groups, after manipulations on 
the bone tissue, the surgical wound was closed with intermit-
tent sutures. After this, the animals were returned to their 
cages, with no restrictions in activity. 

Laboratory animals were withdrawn from the experiment 
on days 21 and 61 after the formation of a bone defect by the 
method of cervical dislocation (15). 

Animals monitoring 

The animals were weighed from the first day (before the 
simulation of the bone defect) to 14 days every day, the be-
haviour and physical activity of the rats were monitored. The 
wound was examined for oedema, hyperaemia, swelling and 
pain on palpation, according to the described method  (16).  
Pain on palpation of the injured area and with full extension 
of the injured limb was assessed based on the reaction of the 
animal according to the method of Meimandi-Parizi et al. 
(17).  

X-Ray procedure 

On the 14th day after the surgical procedure, the animals 
were examined using an X-ray method to assess the process 
of bone consolidation at the site of the defect (18). From each 
group, n = 3 rats were randomly selected. The procedure was 

performed using a PROX-S device, DigiMed (South Korea). 
For the analysis, a scanner was used with the parameters of 
the generating tube current value of 2 mA, the exposure range 
(0.01 s - 1.6 s). For scanning, the animals were preliminarily 
anesthetized with xylazine hydrochloride at a dose of 0.10 ml 
/ 100 g of body weight in the supine position  (19). Bone tis-
sue consolidation was determined by the absence of a bone 
gap or the presence of a pontine callus on the cortical layer 
(20).  

Morphological evaluation 

On days 21 and 61 after removing the animals from the 
experiment, the femurs were extracted. The bone defects 
were evaluated depending on the type and density of tissue 
replaced in the area of the defect. From each experimental 
group, n = 3 rats were randomly selected. 

 

 

Histological studies 

Prepared slides with histological sections 4 μm thick were 
stained with hematoxylin-eosin. Microscopic analysis of 
bone tissue sections of animals from different experimental 
groups was performed using a Leica DM 2000 binocular light 
microscope (Leica Microsystems, Wetzlar, Germany) and 
digital software (Image-Pro plus 6.0; Media Cybernetics, 
USA). 

A histo-morphometric evaluation was conducted by two 
independent histologists and performed on compiled images 
showing the entire cavity at x100 magnification  (21).  The 
formation of new bone and the line between the old and new 
bone were investigated. Bone regeneration was measured and 
averaged over multiple sites. Bone regeneration was ex-
pressed as a percentage of the height of the main bone at the 
periphery of the lesions (22). 

Biomechanical analysis 

On day 61 after euthanasia, n = 3 rats were randomly se-
lected from each group, the femur was dissected under sterile 
conditions, and the muscles and surrounding defect site were 
removed for biomechanical evaluation. After processing, the 
bones were placed into a PBC solution for further testing for 
mechanical strength. The contralateral femur without defect 
was used as a control. A standardized three-point bend test 
was performed using an LR5K Plus electromechanical uni-
versal testing machine. Each bone sample was placed hori-
zontally on two support rods at a distance of 26 mm, and the 
third rod was lowered into the middle of the defect (23, 24). 
The applied loads and deformation of the sample were rec-
orded continuously throughout the experiment. The limits of 
the permissible relative error of the force meter were equal to 
0.5 %, the discreteness of the digital reading device was 
0.005 % of the rated load of the force meter. The procedures 
were conducted at the room temperature (20°C). All tests 
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were performed on the same day to minimize variations due 
to temperature or biomechanical setting. 

The results were evaluated using the NEXYGEN Plus 
software. The bending rate was 1 mm / min, then the maxi-
mum bending stress (σ, MPa) and the maximum bending de-
formation (relative unit) were determined based on the results 
of mechanical tests. The maximum bending load leading to 
rupture was considered as a fracture force. 

Statistical analysis 

To calculate the sample size of animals, we used the G * 
Power v. 3.1.9.4. programme (Germany). Statistical analysis 
was performed using SPSS v 25.0 for Windows. Arithmetic 
mean value (M), a standard deviation (SD) were derived from 
the quantitative indicators. Qualitative characteristics were 
described in absolute (n) and relative values (%). Differences 
between the considered parameters were considered statisti-
cally significant at p < 0.05. One-dimensional analysis of var-
iance ANOVA was chosen for the statistical test. This test 
assumes that the samples from the groups are independent, 
and the F-distribution was used to test the hypothesis in the 
case of analysis of variance. Mann-Whitney U-test (Wil-
coxon test) was performed to assess deformity. 

 
RESULTS 

All animals were clinically stable after wound simulation. 
In the postoperative period, the rats quickly recovered, re-
turning to routine activities (regardless of the method of bone 
defect replacement). None of the five groups showed either 
macroscopic or microscopic signs of cellular inflammation or 
rejection of bone graft material.  

There were n = 48 animals in total, no one died, and no 
bone fractures were found. Laboratory animals were with-
drawn from the experiment only within the established 
timeframe according to the study protocol, no serious com-
plications or diseases were observed during the study. The 
monitoring of indicators of the local inflammatory response, 
such as oedema, redness, pain during palpation, pain during 
flexing, and limb activity, showed that all groups had identi-
cal results (no significant differences were found in these in-
dicators). Although there were minor changes in the severity 
of symptoms in the control group, they were not statistically 
significant. 

In blood samples taken from laboratory animals, the av-
erage haematocrit level was 38 ± 5.4%, the number of leuko-
cytes was 7.9 ± 4.1 · 10 ³ / μl, and the average number of 
platelets was 580 ± 190 10³ / μl. 0.7-0.8 ml of PRP was ob-
tained, with an average platelet concentration of 1302 ± 480 
10³ / μl. Thus, we managed to achieve a threefold increase in 
the concentration of platelets in comparison with the initial 
count, the number of leukocytes in the PRP samples was - 1.1 
± 0.6 · 10 ³ / μL. 

 

Х-Ray evaluation 

Representative radiographic findings from the study 
showed (Figure 2) that after 14 days, the CG group had the 
lowest bone regeneration rate of 4.2 ± 1.7 %. In the PRP 
group in comparison with the CG group, the rates of bone 
defect healing were almost twice as high, which amounted to 
8.4 ± 3.3 %, but there was no statistically significant differ-
ence (p > 0.05). In the HA + PRP group, the level of bone 
regeneration was 22.1 ± 7.1 %, which was higher compared 
to the rates of consolidation of bone defects in the HA group 
(20.7 ± 9.3 %), which was regarded as a statistically signifi-
cant difference (p = 0.023). 

Histological analysis 

According to the results of the histo-morphometric anal-
ysis carried out on day 61, it was revealed (Table 1) that the 
percentage of bone tissue regeneration varied from 12.7 to 
48.9 % in all groups. In the CG control group, bone regener-
ation rates of 12.7 ± 7.3 % were lower than the rate of bone 
healing in the PRP group (19.8 ± 4.2 %). However, there was 
no statistically significant difference in the regeneration of 
bone defects in the CG and PRP groups (p = 0.214 and p = 
0.095, respectively). In the HA + PRP group, the regenera-
tion rates (48.9 ± 9.4 %) were significantly higher than in the 
HA group (35.1 ± 9.8 %) (p = 0.001). 

In control group I, CG, histological examination (Figure 
3, a) showed that scattered fragments of bone trabeculae with 
periosteocytic voids were located among the connective tis-
sue. In places, the space between the trabeculae was filled out 
with bone marrow content. Osteoblasts were arranged in 
chains along the bone beams and vessels. Bone formation 
was incomplete: a scarce newly formed osteoid without min-
eralization prevailed. 

In the group II, PRP in the area of the wound cut (Figure 
3, b), neo-angiogenesis was poorly presented (just a few sin-
gle vessels). The site of injury was filled with fibro-reticular 
tissue with scant lymphoid infiltration. Bony trabeculae were 
scattered, with foci of periosteocytic voids. The space be-
tween them was filled out with bone marrow. Osteoid depos-
its are scarce, with no signs of mineralization. In areas remote 
from the injury, bone tissue was detected. 

In the group III HA, on day 61 of the experiment, the mor-
phological pattern of the fracture zone (Figure 3, c) showed 
a variegated picture. The bulk of callus consisted of fibro-
reticular tissue with foci of incomplete osteogenesis. The os-
teoid, located among the fibres of the connective tissue, had 
blurred outlines, and it was surrounded by groups of active 
osteoblasts. Areas represented exclusively by cartilaginous 
tissue were recorded. Sites of mineralization were located 
haphazardly, mainly in distal bone fragments. The lesion was 
filled out with lamellar spongy bone with small foci of im-
perfect osteogenesis. 

The bone tissue of laboratory animals of group IV HA + 
PRP on the 61st day of the experiment was normally 
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structured. The area of the defect was represented by a lamel-
lar bone with a system of osteons and Haversian canals (Fig-
ure 3d). The cancellous bone was transformed into a compact 
one, and the thickness of the cortical layer increased. There 
were single osteoclasts forming lacunae of resorption in the 
projection of osteogenesis, as well as in the distal regions. 

Biomechanical analysis 

On day 61, according to the study protocol, the bones 
were placed in an LR5K Plus electromechanical universal 
testing machine (Figure 4). 

The results of the biomechanical assessment indicated 
(Figure 5) that the highest strength of the femur was recorded 
in the contralateral bone without defect (p ≤ 0.01), which was 
selected as a control. It was revealed that at the highest load 
the maximum bending deformation was 0.028746 (at maxi-
mum bending stress equal to 121.0722 MPa). 

Apart from that, the bone tissues of the animals of the HA 
+ PRP group also showed a high strength of the regenerated 
bone in comparison with the rest of the experimental groups 
(p ≤ 0.05). In the HA + PRP group, the maximum bending 
stress of the tested bone was 90.67979, and the maximum 
bending strain was 0.024953. There was no statistically sig-
nificant difference in bone strength between the contralateral 
bone without a defect and the HA + PRP group (p > 0.05). 
However, compared with CG, PRP, and HA, the biomechan-
ical parameters of bone strength were significantly high in 
the HA + PRP group, which was regarded as a statistically 
significant difference (p ≤ 0.01). 

 In third place in terms of bone strength, samples of fe-
murs were identified, whose defects were replaced by nano-
crystalline calcium hydroxyapatite (group HA) with the max-
imum bending stress and maximum bending deformation 
equal to 58.32674 and 0.032192, respectively. In addition, 
the bone strength of the HA group compared to the CG and 
PRP groups was statistically significantly higher (p < 0.05). 

 In the CG group with an unsubstituted bone defect in 
comparison with the PRP group, the resistance and mechan-
ical strength of the bone tissue was slightly lower, where the 
maximum bending deformation was determined equal to 
0.03869, with a maximum bending stress of 51.81391. In the 
PRP group, when exposed to the maximum load at a maxi-
mum bending stress of 59.45824, the highest bending defor-
mation was recorded with an index of 0.055171. However, 
there was no statistically significant difference in the strength 
of the regenerated bone between these CG and PRP groups 
(p > 0.05). 

Table 1. Histomorphometric analyzes of the  
level of regeneration of the rat femoral defect.  

Group number 
Bone regener-
ation (%)  

р 

Group 1 CG 12,7  ±  7,3 0,214 

Group 2 PRP 19.8 ±  4,2 0,095 

Group 3 HA 35,1  ±  9,8 0,028* 

Group 4 HA+PRP 48,9  ±  9,4 0,001* 

Measurement of bone formation after 61 days of regeneration 

 

 

a) Processing of the operating field of the  
    femoral region;  
b) Performing a skin incision;  
c) Gaining access to the femur;  
d) Periosteum removal procedure;  

e) Formation of a defect of the rat femur with  
    a diameter of 2 mm;  
f) Replacement of the femur defect with the  
studied components

 
Figure 1. Stages of surgical formation of bone defects  in an experiment on rats. 
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a) group CG;  
b) PRP group;  
c) HA group;  
d) group HA + PRP 

 

 

 

 

Figure 2. Radiological images of the regeneration of bone  
defects of the femur in each group on day 14. 

 

 
a) group CG; b) PRP group; c) HA group; d) HA + PRP group 

Figure 3. Histological picture of the femoral bone defect  
in the study groups on the 14th day. 
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Figure 4. The process of preparing bone tissue for biomechanical strength testing. 

 

 
red - contralateral bone without defect; green - group HA + PRP;  

yellow - group HA; brown - CG group with bone defect;  
black - PRP group 

Figure 5. Indicators of biomechanical assessment  
of bone tissue in the study groups.

 
DISCUSSION 

Normal healthy bone has the ability to self-regenerate 
during remodelling process or after minor trauma. However, 
if the site of the defect exceeds the critical size, the bone will 
not be able to spontaneously heal during life. In this case, 
bone replacement is required to regenerate new tissue (25). 

The use of an animal model to reproduce a prototype of 
bone defects or other bone pathology is an effective method 
for comparing the approaches of bone tissue restoration  (26). 
In our study, we investigated the comparative characteristics 
of the replacement of bone defects with nano-crystalline 

hydroxyapatite calcium obtained from eggshell, PRP, and 
their combination.  

The results showed the advantage of the application of 
biological hydroxyapatite obtained from eggshell for tissue 
regeneration and replacement. The effectiveness of the use of 
hydroxyapatite from eggshells was described in previous re-
ports, not only in terms of biological properties for replacing 
a bone defect, but also in connection with economic expedi-
ency  (27, 28). Biological apatite has been known to be nano-
structured material with unique chemical, physical, and elec-
trical properties (29) . Calcium hydroxyapatite, resulting 
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from the direct action of a living organism, so-called "bio-
genic" hydroxyapatites, provides a possibility to overcome 
the limitations of synthetic apatites, including poor adhesion 
and low mechanical strength. In fact, calcium hydroxyapatite 
possesses very useful properties such as reduced solubility 
and convenient particle size (30).    

It must be also noted that calcium hydroxyapatite does not 
contain osteogenic cells and signal substances that are essen-
tial for the correct regeneration process of bone tissue (31).  
In this regard, it should be emphasized that PRP contains a 
number of different growth factors, such as platelet growth 
factors (PDGF), vascular endothelial growth factor (VEGF), 
insulin growth factor (IGF) and transforming growth factor 
(TGF ) (5, 32). These growth factors (in platelets) play an 
important role in bone regeneration through cascade reac-
tions of angiogenesis and bone repair (33).  

The results of the histo-morphometric analysis indicated 
that the use of nano-crystalline calcium hydroxyapatite on the 
61st day after the formation of the defect led to the increase 
in bone regeneration (equal to 35.1 ± 9.8 %), which was 
higher than in the CG and PRP groups (p = 0.028). However, 
the percentage of regeneration of bone defects with the com-
bined use of nano-crystalline calcium hydroxyapatite and 
PRP (48.9 ± 9.4 %) demonstrated a high efficiency in com-
parison with the data of the HA group (p = 0.001). 

In addition, our results indicated that the individual use of 
hydroxyapatite in comparison with the CG and PRP groups 
provided a comparatively better biomechanical strength of 
the regenerated bone tissue (p < 0.05). The high efficiency of 
the HA + PRP complex for mechanical stability of the regen-
erated bone did not statistically significantly different from 
the high biomechanical properties of the contralateral bone 
without a defect (p > 0.05). In addition, the radiographic pic-
ture of the healing of the bone defect of the femur of rats on 
day 14 in the HA group was almost 2.5 times better than in 
the PRP group and almost 5 times higher than in the CG 
group. 

The results of previous studies showed that PRP is highly 
effective in replacing a bone defect only when used together 
with a bone graft (34, 35). There is also evidence of the ef-
fectiveness of the combined use of PRP and synthetic hy-
droxyapatite, in contrast to the separate use in a rabbit bone 
defect model (36). Nevertheless, there are some contradict-
ory data on histological and biomechanical bone repair after 
PRP application without bone grafts (37). 

 Our results showed their consistency, since the bone de-
fect must certainly be filled with a material acting as a bone 
framework, for example, calcium hydroxyapatite (38). PRP, 
due to its known properties, can act as only an auxiliary ma-
terial that potentiates the process of restoring the strength of 
bone tissue, but not paramount  (39). It can be explained by 
the fact that hydroxyapatite has the ability to activate plate-
lets, due to its bio-degradability and bio-absorbability, which 
allows calcium ions to be released (40).   

The nano-crystalline calcium hydroxyapatite used in our 
study had a calcium / phosphorus ratio of 1.67, which is iden-
tical to the level of calcium hydroxyapatite in the human bone 
structure. In fact, the eggshell contained 94 % calcium bicar-
bonate (9), which indicates its applicability and availability 
for the effective replacement of bone defects. It has been 
shown that the use of nano-structured hydroxyapatite in bone 
tissue replacement increases its bioactivity in comparison 
with the application of large hydroxyapatite particles (3). The 
abovementioned properties of nano-crystalline calcium hy-
droxyapatite might contribute to the effectiveness in the re-
placement of induced defect of the rat femur observed in our 
study. 

The results of this preclinical study indicate that nano-
crystalline calcium hydroxyapatite obtained from eggshells 
is effective in the regeneration of bone defects. The ad-
vantages of the use of natural calcium hydroxyapatite are as-
sociated with its good bioavailability, safety and cost-effec-
tiveness. The application of hydroxyapatite in combination 
with PRP demonstrated the high efficacy in high consolida-
tion of the bone defect, marinating the mechanical strength 
and improved resistance of the regenerated bone tissue. Our 
findings indicate the need in further intensive research re-
garding clinical relevance, safety and effectiveness. 

ACKNOWLEDGEMENT 

The authors are thankful to the S.D. Asfendiyarov Kazakh 
National Medical University for the administrative and tech-
nical support.  

CONFLICT OF INTERESTS 

The authors declare no conflict of interest. 

FUNDING 

This research received no external funding. 

LITERATURE 

1. Myeroff C, Archdeacon M. Autogenous bone graft: do-
nor sites and techniques. J Bone Joint Surg Am. 
2011;93(23):2227-36. 

2. Giannoudis PV, Dinopoulos H, Tsiridis E. Bone substi-
tutes: an update. Injury. 2005;36 Suppl 3:S20-7. 

3. Kubasiewicz-Ross P, Hadzik J, Seeliger J, Kozak K, 
Jurczyszyn K, Gerber H, et al. New nano-hydroxyapatite 
in bone defect regeneration: A histological study in rats. 
Ann Anat. 2017;213:83-90. 

4. Lyons JG, Plantz MA, Hsu WK, Hsu EL, Minardi S. 
Nanostructured Biomaterials for Bone Regeneration. 
Frontiers in Bioengineering and Biotechnology. 
2020;8:922. 

5. Campana V, Milano G, Pagano E, Barba M, Cicione C, 
Salonna G, et al. Bone substitutes in orthopaedic sur-
gery: from basic science to clinical practice. J Mater Sci 
Mater Med. 2014;25(10):2445-61. 

240



2024;25(3)

6. Prabakaran K, Rajeswari S. Spectroscopic investigations 
on the synthesis of nano-hydroxyapatite from calcined 
eggshell by hydrothermal method using cationic surfac-
tant as template. Spectrochimica acta Part A, Molecular 
and biomolecular spectroscopy. 2009;74(5):1127-34. 

7. Gergely G, Wéber F, Lukács I, Tóth AL, Horváth ZE, 
Mihály J, et al. Preparation and characterization of hy-
droxyapatite from eggshell. Ceramics International. 
2010;36(2):803-6. 

8. Gauthier O, Bouler JM, Weiss P, Bosco J, Aguado E, 
Daculsi G. Short-term effects of mineral particle sizes on 
cellular degradation activity after implantation of inject-
able calcium phosphate biomaterials and the conse-
quences for bone substitution. Bone. 1999;25(2 
Suppl):71s-4s. 

9. Daulbayev C, Mansurov Z, Mitchell G, Zakhidov A. Ob-
taining of Biologically Soluble Membranes Based on 
Polymeric Nanofibres and Hydroxyapatite of Calcium. 
Eurasian Chemico-Technological Journal. 2018;20:119. 

10. Murugan R, Ramakrishna S. Aqueous mediated synthe-
sis of bioresorbable nanocrystalline hydroxyapatite. 
Journal of Crystal Growth. 2005;274(1-2):209-13. 

11. Lee S-W, Kim S-G, Balázsi C, Chae W-S, Lee H-O. 
Comparative study of hydroxyapatite from eggshells and 
synthetic hydroxyapatite for bone regeneration. Oral sur-
gery, oral medicine, oral pathology and oral radiology. 
2012;113(3):348-55. 

12. Messora M, Nagata M, Furlaneto F, Dornelles R, Bom-
fim S, Deliberador T, et al. A standardized research pro-
tocol for platelet-rich plasma (PRP) preparation in rats. 
RSBO. 2011;8:299-304. 

13. Zerbinatti CC, Veiga DF, Oliveira MAB, Mundim FGL, 
Pereira RM, Azevedo F, et al. Bioceramic cement in the 
filling of bone defects in rats. Acta Cir Bras. 
2019;34(6):e201900601. 

14. Cassaro CV, Justulin LA, Jr., de Lima PR, Golim MA, 
Biscola NP, de Castro MV, et al. Fibrin biopolymer as 
scaffold candidate to treat bone defects in rats. J Venom 
Anim Toxins Incl Trop Dis. 2019;25:e20190027. 

15. Yuan X, Han L, Lin H, Guo Z, Huang Y, Li S, et al. The 
role of antimiR-26a-5p/biphasic calcium phosphate in 
repairing rat femoral defects. International journal of 
molecular medicine. 2019;44(3):857-70. 

16. Oryan A, Moshiri A, Raayat AR. Novel application of 
Theranekron® enhanced the structural and functional 
performance of the tenotomized tendon in rabbits. Cells 
Tissues Organs. 2012;196(5):442-55. 

17. Meimandi-Parizi A, Oryan A, Moshiri A. Tendon tissue 
engineering and its role on healing of the experimentally 
induced large tendon defect model in rabbits: a compre-
hensive in vivo study. PLoS One. 2013;8(9):e73016. 

18. Batista M, Leivas T, Rodrigues C, Arenas G, Belitardo 
D, Guarniero R. Comparison between the effects of 
platelet-rich plasma and bone marrow concentrate on de-
fect consolidation in the rabbit tibia. Clinics (São Paulo, 
Brazil). 2011;66:1787-92. 

19. Liu WC, Robu IS, Patel R, Leu MC, Velez M, Chu TM. 
The effects of 3D bioactive glass scaffolds and BMP-2 

on bone formation in rat femoral critical size defects and 
adjacent bones. Biomed Mater. 2014;9(4):045013. 

20. Kuroiwa Y, Fukui T, Takahara S, Lee SY, Oe K, Ara-
kura M, et al. Topical cutaneous application of CO2 ac-
celerates bone healing in a rat femoral defect model. 
BMC Musculoskeletal Disorders. 2019;20(1):237. 

21. Kunert-Keil C, Scholz F, Gedrange T, Gredes T. Com-
parative study of biphasic calcium phosphate with beta-
tricalcium phosphate in rat cranial defects--A molecular-
biological and histological study. Ann Anat. 
2015;199:79-84. 

22. Corsetti A, Bahuschewskyj C, Ponzoni D, Langie R, Dos 
Santos LA, Camassola M, et al. Repair of bone defects 
using adipose-derived stem cells combined with alpha-
tricalcium phosphate and gelatin sponge scaffolds in a 
rat model. Journal of Applied Oral Science. 2017;25: 
10-9. 

23. Oryan A, Alidadi S, Bigham-Sadegh A, Moshiri A. Ef-
fectiveness of tissue engineered based platelet gel em-
bedded chitosan scaffold on experimentally induced crit-
ical sized segmental bone defect model in rat. Injury. 
2017;48(7):1466-74. 

24. Oryan A, Alidadi S, Bigham-Sadegh A. Dicalcium 
Phosphate Anhydrous: An Appropriate Bioceramic in 
Regeneration of Critical-Sized Radial Bone Defects in 
Rats. Calcif Tissue Int. 2017;101(5):530-44. 

25. Greenbaum MA, Kanat IO. Current concepts in bone 
healing. Review of the literature. J Am Podiatr Med As-
soc. 1993;83(3):123-9. 

26. Holstein JH, Garcia P, Histing T, Kristen A, Scheuer C, 
Menger MD, et al. Advances in the establishment of de-
fined mouse models for the study of fracture healing and 
bone regeneration. J Orthop Trauma. 2009;23(5 
Suppl):S31-8. 

27. Kattimani VS, Chakravarthi PS, Kanumuru NR, Sub-
barao VV, Sidharthan A, Kumar TSS, et al. Eggshell de-
rived hydroxyapatite as bone graft substitute in the heal-
ing of maxillary cystic bone defects: a preliminary re-
port. Journal of international oral health : JIOH. 
2014;6(3):15-9. 

28. Kattimani V, Lingamaneni KP, Chakravarthi PS, Kumar 
TS, Siddharthan A. Eggshell-Derived Hydroxyapatite: A 
New Era in Bone Regeneration. J Craniofac Surg. 
2016;27(1):112-7. 

29. Leventouri T. Synthetic and biological hydroxyapatites: 
crystal structure questions. Biomaterials. 
2006;27(18):3339-42. 

30. Pinchuk N, Parkhomey O, Sych O. In Vitro Investigation 
of Bioactive Glass-Ceramic Composites Based on Bio-
genic Hydroxyapatite or Synthetic Calcium Phosphates. 
Nanoscale Res Lett. 2017;12(1):111. 

31. Skwarcz S, Bryzek I, Gregosiewicz A, Warda E, 
Gawęda K, Tarczyńska M, et al. The effect of activated 
platelet-rich plasma (PRP) on tricalcium hydroxyapatite 
phosphate healing in experimental, partial defects of 
long bone shafts in animal models. Pol J Vet Sci. 
2019;22(2):243-50. 

32. El-Sharkawy H, Kantarci A, Deady J, Hasturk H, Liu H, 
Alshahat M, et al. Platelet-rich plasma: growth factors 

241



and pro- and anti-inflammatory properties. J Periodon-
tol. 2007;78(4):661-9. 

33. Anitua E, Prado R, Padilla S, Orive G. Platelet-rich 
plasma therapy: another appealing technology for regen-
erative medicine? Regenerative Medicine. 
2016;11(4):355-7. 

34. Kanthan SR, Kavitha G, Addi S, Choon DS, Kamarul T. 
Platelet-rich plasma (PRP) enhances bone healing in 
non-united critical-sized defects: a preliminary study in-
volving rabbit models. Injury. 2011;42(8):782-9. 

35. Malhotra A, Pelletier MH, Yu Y, Walsh WR. Can plate-
let-rich plasma (PRP) improve bone healing? A compar-
ison between the theory and experimental outcomes. 
Arch Orthop Trauma Surg. 2013;133(2):153-65. 

36. Oryan A, Meimandi Parizi A, Shafiei-Sarvestani Z, 
Bigham AS. Effects of combined hydroxyapatite and hu-
man platelet rich plasma on bone healing in rabbit 

model: radiological, macroscopical, hidtopathological 
and biomechanical evaluation. Cell Tissue Bank. 
2012;13(4):639-51. 

37. Guzel Y, Karalezli N, Bilge O, Kacira BK, Esen H, Kar-
adag H, et al. The biomechanical and histological effects 
of platelet-rich plasma on fracture healing. Knee Surg 
Sports Traumatol Arthrosc. 2015;23(5):1378-83. 

38. Xu A, Zhou C, Qi W, He F. Comparison Study of Three 
Hydroxyapatite-Based Bone Substitutes in a Calvarial 
Defect Model in Rabbits. Int J Oral Maxillofac Implants. 
2019;34(2):434–42. 

39. Oryan A, Alidadi S, Moshiri A. Platelet-rich plasma for 
bone healing and regeneration. Expert Opin Biol Ther. 
2016;16(2):213-32. 

40. Cornell CN. Osteoconductive materials and their role as 
substitutes for autogenous bone grafts. Orthop Clin 
North Am. 1999;30(4):591-8. 

 

 

242


