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Abstract: Purpose: The aim of the present study is to evaluate the influence and efficacy of autologous
platelets on bone regeneration in a rabbit defects model. Materials and Methods: A total of 12 critical
size tibial defects were produced in six New Zealand rabbits: A total of six defects were filled with
autologous platelet gel (APG) and six defects were maintained as untreated controls. No membranes
were used to cover the bone osteotomies. The histology and histomorphometry were performed
at four weeks on retrieved samples of both groups. Results: No complications were reported in
any of the animals nor for the defects produced. A significantly higher lamellar and woven bone
percentage was reported for the APG group with a lower level of marrow spaces (p < 0.05). Evidence
of newly formed bone was found in the superficial portion of the bone defect of APG samples where
no aspects of bone resorption were observed. Conclusions: The evidence of the present research
revealed that APG increases new bone formation restricted to the cortical portion and induces more
rapid healing in rabbit bone defects than in untreated defects.

Keywords: autologous platelet gel; new bone formation; bone repair; platelet derivates

1. Introduction

There is a need to find more efficient surgical procedures and biomaterials for bone
regeneration. Biomaterials are available in many different sizes, porosity, and quantity [1],
and are utilized for the treatment of bone loss due to tooth extraction or inflammation [2].
If compared to autogenous bone, the substitutes are cell-free and characterized by an
increased osteointegration period and a lower level of biological activity. Nowadays, bone
grafts represent a useful alternative option requiring a lower quantity of new bone for-
mation when compared to autogenous bone [3]. Several studies have been published on
updates and the improved performance of various types of bone grafts for bone regener-
ation. Different typologies of materials and methods have been proposed for improving
bone healing: Autologous grafts; demineralized and mineralized freeze-dried allografts;
anorganic bovine and porcine bone; collagenated substitutes, coralline calcium carbonate;
bioglasses; hydroxyapatite; polylactidepolyglycolide-derivate grafts; synthetic polymers;
and calcium sulphate [3]. They are commercially available in the form of particles, ce-
ment pastes, gels, and blocks of osteoconductive and osteoinductive biomaterials for bone
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augmentation and hard tissue reconstruction. The good qualities of biomaterials are os-
teoinduction and osteoconduction, and mechanical resistance under functional loads with
easy management in clinical practice. Autologus bone is believed to be the “gold standard”
because it promotes angiogenesis and has osteogenetic qualities, and is also osteoinductive,
osteoconductive, with no risk of infection transmission [4]. The use of autologus bone
is, however, related to some disadvantages, such as higher morbidity and complications
related to the management of a donor site and a limited availability of graft [5]. Bone grafts
have been proposed for bone augmentation for maintaining space and scaffolding between
the bone surface and periosteum/membranes. Many bone graft alternatives and adjuvant,
in the form of substitutes and recombinant human growth factors, have been reported in
the literature [6]. The use of platelet concentrates is on the increase in clinical practice and
are used alone or mixed with biomaterials. Choukroun et al. (2001) [7], described platelet
rich fibrin (L-PRF), which is a second generation platelet concentrate that contains fibrin
and platelet. It eases and guides angiogenesis, traps the circulating stem cells [8], and offers
wound protection through epithelial coverage [9]. It is obtained after slow polymerization
of the fibrinogen and contains cytokines and many growth factors that are released into
the wound site over a long period [10]. This fibrin matrix has been used with success for
improving bone regeneration in implants in the early healing stages after implant place-
ment [11]. In addition, autologous cancellous bone combined with autologous platelets
improved bone healing in an in vivo critical-size cylindrical defect study [12]. Furthermore,
the combination collagene 1 and PRP-enhanced bone healing in a critical-size defect in a
pig model [13]. Therefore, the utilization of scaffolds for growth factor delivery and cells
has drawn a considerable amount of interest in bone augmentation [14]. In recent years,
there has been an increased interest in growth factors obtained from autologous platelets
and their use. The aim of this study is to evaluate the influence of autologous platelet gel
APG on bone healing in a rabbit model.

2. Materials and Methods

In this study, 6 New Zealand white mature male (age ~11 weeks and weighing around
~2.5 kgs) were used. The local Ethics Committee of Albania University approved the
study and it was carried out in accordance with the relevant guidelines and regulations of
Albanian law on animal research. The in-vivo study followed the guidelines (national and
international) for animal treatment and conformed to the ARRIVE guidelines. The rabbits
were housed under veterinary supervision in standardized rabbit cages (only one rabbit per
cage), maintained in a laboratory environment with a controlled temperature (21–24.5 ◦C),
humidity (43–56%), and 12-h light and dark cycles. All animals had ad libitum access to a
standard rabbit chow diet and water. The leg was shaved and disinfected using Povidone-
iodine 10% solution (SALVAVIDAS PHARMACEUTICAL PVT. LTD. Surat, India). The
rabbits were anesthetized with intramuscular injections of fluanizone (0.7 mg/kg b.wt.)
and diazepam (1.5 mg/kg b.wt.), and local anaesthesia were applied using 1 mL of 2%
aticaine/adrenalin solution (Pierrel Pharma, Italy). After identification, a longitudinal
incision was performed in the tibia and dissection of the skin flap exposed the bone.
A conventional dental handpiece with a physio-dispenser (Vario-Surgery NSK, Tochigi,
Japan) was used for bone defect preparation with drills cooled by saline irrigation. In each
rabbit tibia, twocritical-size circular defects (6-mm diameter) were created (Figure 1).
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Figure 1. (A) Two bone defects in the rabbit tibia. (B) The test bone defect filled with autologous platelet gel (APG). 

For each tibia, one defect was filled with APG while the second defect was left empty 
and was used as control. The defect filled with APG was randomized to avoid the influ-
ence of the dimension of the tibia on the healing process. No membrane was used for 
covering the bone defect. The periosteum and fascia were sutured with resorbable suture 
(Glicofil Lac®, Assut, Magliano dei Marsi, Italy) and the skin with silk (Assusilk®, Assut, 
Magliano dei Marsi, Italy). No deaths or other complications occurred in the postoperative 
period. All the rabbits were sacrificed with an overdose of intravenous pentobarbital, after 
4 weeks. A total of 12 specimens (6 tests and 6 controls) were retrieved 

2.1. Specimen Processing 
The specimens were first washed in saline solution and after 10 min were put into 

4% paraformaldehyde and 0.1% glutaraldehyde in a 0.15 M cacodylate buffer al 4 °C and 
pH 7.4, for fixation of the tissues and for processing to achieve specimen histology. SCAN 
1 Automated System (Pescara, Italy) was used to achieve the sections containing the de-
fects. The specimens were dehydrated in ascending concentrations of ethyl alcohol rinses, 
from 60% to 100%, and embedded in a glycolmethacrylate resin (Technovit 7200 VLC, 
Kulzer, Wehrheim, Germany). This resin was polymerized with UV light and the block 
was sectioned, along the longitudinal axis, with a diamond disc at about 140 µm then 
ground down to about 40 µm with a specially designed grinding machine to obtain 3 
slides for each specimen. Toluidine blue and acid fuchsin were used to stain the specimens 
as previously described [15]. The slides were then observed through normal transmitted 
light by a Nikon microscope ECLIPSE (Nikon, Tokyo, Japan). The microscope was con-
nected to a high-resolution video camera with a high definition monitor and a computer 
workstation (Notebook Toshiba Satellite pro r50-c-15w). A histometry software package 
for image capturing was used for morphometric analysis by digital image-analysis (NIS-
Elements AR 3.0 software, Nikon, Minato, Japan). The aspects of the newly formed and 
mature bone could be classified due to the histological color of the tissues (light red = old 
matrix, dark red = new matrix) and their quantity was expressed in percentage (Mean ± 
SD). Toluidine blue and acid fuchsin staining revealed cell types and patterns of hard and 
soft tissue present in the defects. Newly formed bone was distinguishable from the origi-
nal bone due to a higher intensity of staining in the new bone. For the histomorphometric 
analysis, a region was selected for a representative measurement. The selected region of 
interest (ROI-1) 6000 × 2500 µ included the whole defect area containing the newly formed 
bone. For the evaluation of medullary space, a region of interest (ROI-2) 3000 × 3000 µ 
containing the central portion of tibia was selected. Newly formed bone was distinguish-
able from the original bone due to a higher intensity of staining in the new bone. After 
acquiring the image to be analyzed, the first step in software analysis was to identify the 
region of interest manually ROI, using the overlay drawing tools. Next, the bone tissue 
was identified by an interactive threshold in the hue-saturation-brightness (HSB) colour 

Figure 1. (A) Two bone defects in the rabbit tibia. (B) The test bone defect filled with autologous platelet gel (APG).

For each tibia, one defect was filled with APG while the second defect was left empty
and was used as control. The defect filled with APG was randomized to avoid the influence
of the dimension of the tibia on the healing process. No membrane was used for covering
the bone defect. The periosteum and fascia were sutured with resorbable suture (Glicofil
Lac®, Assut, Magliano dei Marsi, Italy) and the skin with silk (Assusilk®, Assut, Magliano
dei Marsi, Italy). No deaths or other complications occurred in the postoperative period.
All the rabbits were sacrificed with an overdose of intravenous pentobarbital, after 4 weeks.
A total of 12 specimens (6 tests and 6 controls) were retrieved

2.1. Specimen Processing

The specimens were first washed in saline solution and after 10 min were put into
4% paraformaldehyde and 0.1% glutaraldehyde in a 0.15 M cacodylate buffer al 4 ◦C
and pH 7.4, for fixation of the tissues and for processing to achieve specimen histology.
SCAN 1 Automated System (Pescara, Italy) was used to achieve the sections containing
the defects. The specimens were dehydrated in ascending concentrations of ethyl alco-
hol rinses, from 60% to 100%, and embedded in a glycolmethacrylate resin (Technovit
7200 VLC, Kulzer, Wehrheim, Germany). This resin was polymerized with UV light and
the block was sectioned, along the longitudinal axis, with a diamond disc at about 140 µm
then ground down to about 40 µm with a specially designed grinding machine to ob-
tain 3 slides for each specimen. Toluidine blue and acid fuchsin were used to stain the
specimens as previously described [15]. The slides were then observed through normal
transmitted light by a Nikon microscope ECLIPSE (Nikon, Tokyo, Japan). The microscope
was connected to a high-resolution video camera with a high definition monitor and a
computer workstation (Notebook Toshiba Satellite pro r50-c-15w). A histometry software
package for image capturing was used for morphometric analysis by digital image-analysis
(NIS-Elements AR 3.0 software, Nikon, Minato, Japan). The aspects of the newly formed
and mature bone could be classified due to the histological color of the tissues (light red
= old matrix, dark red = new matrix) and their quantity was expressed in percentage
(Mean ± SD). Toluidine blue and acid fuchsin staining revealed cell types and patterns
of hard and soft tissue present in the defects. Newly formed bone was distinguishable
from the original bone due to a higher intensity of staining in the new bone. For the
histomorphometric analysis, a region was selected for a representative measurement. The
selected region of interest (ROI-1) 6000 × 2500 µ included the whole defect area containing
the newly formed bone. For the evaluation of medullary space, a region of interest (ROI-2)
3000 × 3000 µ containing the central portion of tibia was selected. Newly formed bone was
distinguishable from the original bone due to a higher intensity of staining in the new bone.
After acquiring the image to be analyzed, the first step in software analysis was to identify
the region of interest manually ROI, using the overlay drawing tools. Next, the bone tissue
was identified by an interactive threshold in the hue-saturation-brightness (HSB) colour
space. If necessary, an option can be used that allows the use of a hysteresis threshold
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for the saturation band. The small sectioning artefacts, such as cracks, can be removed
using simple binary close (‘close cracks’) and hole-fill operations. Small fragments in the
image are removed using an erode-reconstruct algorithm. The resulting image allowed
for the quantitative measurement of the mineralized bone and quantity of marrow space
and red intensity was digitally image-analyzed. The data obtained from the analyses were
transformed into absolute values of pixels and then to percentages.

The following measurements were taken: Lamellar bone surface: Expressed as per-
centages of the region of interest; woven bone surface: Expressed as percentages of the
region of interest; and marrow space surface: Expressed as percentages of the region
of interest.

2.2. Autologous Platelet Gel (APG) Preparation

The blood of a healthy donor was stored as follows: Disposable kits for autologus
Platelet preparation were used. These kits, including: 4 × 9 mL white vials for fractionation,
4 × 9 mL blue vials with anticoagulant, 2 × 9 mL red vials with serum activator, 1 × 5 mL
syringe, 1 × 1 mL activator syringe, and 1 butterfly needle 21G, for blood assemblage with
preassembled holder with luer lock attachment. One red vial with serum activator was
used for each rabbit and was filled with the arterial blood by a butterfly needle 21G for
blood collection with preassembled holder with luer lock attachment (Figure 2). When
the vial tube was filled, the needle was removed from the rabbit, using a swift backward
motion. The vial was positioned in a device specifically designed for separating blood
components (GF-ONE, Ubgen Padova Italy). The medical device is automatically controlled
by a microprocessor that provides a custom scheduling of set speed (RPM) or relative
centrifugal force (RCF) and centrifugation time. The centrifuge has a microprocessor that
allows users to set speed and automatically have the RCF value and vice-versa. The red
vials were centrifuged at 1751 RPM (246 RCF) for 7 min at room temperature, producing
some platelet and fibrinogen gel. The APG was transferred into a glass container and used
to fill the bone defect. In this study, we used glass because it is a potent activator of platelets
without anticoagulants, bovine thrombin, or any other gelling agent [16].

Appl. Sci. 2021, 11, x FOR PEER REVIEW 4 of 10 
 

space. If necessary, an option can be used that allows the use of a hysteresis threshold for 
the saturation band. The small sectioning artefacts, such as cracks, can be removed using 
simple binary close (‘close cracks’) and hole-fill operations. Small fragments in the image 
are removed using an erode-reconstruct algorithm. The resulting image allowed for the 
quantitative measurement of the mineralized bone and quantity of marrow space and red 
intensity was digitally image-analyzed. The data obtained from the analyses were trans-
formed into absolute values of pixels and then to percentages. 

The following measurements were taken: Lamellar bone surface: Expressed as per-
centages of the region of interest; woven bone surface: Expressed as percentages of the 
region of interest; and marrow space surface: Expressed as percentages of the region of 
interest. 

2.2. Autologous Platelet Gel (APG) Preparation 
The blood of a healthy donor was stored as follows: Disposable kits for autologus 

Platelet preparation were used. These kits, including: 4 × 9 mL white vials for fractiona-
tion, 4 × 9 mL blue vials with anticoagulant, 2 × 9 mL red vials with serum activator, 1 × 5 
mL syringe, 1 × 1 mL activator syringe, and 1 butterfly needle 21G, for blood assemblage 
with preassembled holder with luer lock attachment. One red vial with serum activator 
was used for each rabbit and was filled with the arterial blood by a butterfly needle 21G 
for blood collection with preassembled holder with luer lock attachment (Figure 2). When 
the vial tube was filled, the needle was removed from the rabbit, using a swift backward 
motion. The vial was positioned in a device specifically designed for separating blood 
components (GF-ONE, Ubgen Padova Italy). The medical device is automatically con-
trolled by a microprocessor that provides a custom scheduling of set speed (RPM) or rel-
ative centrifugal force (RCF) and centrifugation time. The centrifuge has a microprocessor 
that allows users to set speed and automatically have the RCF value and vice-versa. The 
red vials were centrifuged at 1751 RPM (246 RCF) for 7 min at room temperature, produc-
ing some platelet and fibrinogen gel. The APG was transferred into a glass container and 
used to fill the bone defect. In this study, we used glass because it is a potent activator of 
platelets without anticoagulants, bovine thrombin, or any other gelling agent [16]. 

Figure 2. During blood collection from the auricular vein. 

  

Figure 2. During blood collection from the auricular vein.

2.3. Statistical Evaluation

A power analysis was done through clinical software, (http://clincalc.com/stats/
samplesize.aspx), for determining the number of bone defects needed to achieve statistical
significance for a quantitative measurement of the new bone. A calculation model was
adopted for dichotomous variables (yes/no effect) by putting the effect incidence designed

http://clincalc.com/stats/samplesize.aspx
http://clincalc.com/stats/samplesize.aspx
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to caution the reasons 10% for controls and 95% for treated. The optimal number of samples
for analysis was 6 rabbits. The normal distribution of the study data was evaluated by
the Shapiro–Wilks test and the statistical differences between test and control groups were
analyzed by t Student test. The level of significance was set for p-value < 0.05. The study
data were collected and statistically analyzed by the use of the dedicated software package
Graphpad 8 (Prism, San Diego, CA USA).

3. Results
3.1. Control Defect

Macroscopically, the bone defect was still visible. The percentages of woven bone
were evaluated. Bone morphology presented differentiated cellular lines specific of bone
formation, such as osteoblasts, osteocytes but also osteoid and blood vessels. An initial
formation of immature bone extending from the periphery of the bone defect could be seen.
The rest of the bone cavity contained marrow space without a pathological inflammatory
reaction. The mild inflammatory reaction was characterized by a foci of lymphocytes
distributed around the periphery of the cavity. The tissues present in the defect were
composed of 8 ± 3% of lamellar bone, 28 ± 1% of woven bone, and 59 ± 3% of medullary
spaces (Figures 3–5 and Table 1).
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Table 1. Summary of the lamellar bone, woven bone, and medullary space of control group and APG
group after four weeks (t Student test).

Control Group APG Group

Lamellar
Bone

Woven
Bone

Medullary
Space

Lamellar
Bone

Woven
Bone

Medullary
Space

Mean ±
Standard

Dev.
8 ± 3% 28 ± 1% 59 ± 3% 18 ± 3% 52 ± 1% 26 ± 4%

p value p < 0.05 p < 0.05 p < 0.05 p < 0.05 p < 0.05 p < 0.05

3.2. Test Defect (Bone Defect Filled with APG)

Macroscopically, the bone defect appears completely healed. Bone formation was
observed with well differentiated cells and mineralized matrix: Osteoblasts, osteoid, osteo-
cytes, and blood vessels in all bone defects especially in the central portion of the defect.
Bone formation extending from the margin of the bone defect was recorded. New bone was
also recorded in the central portion of bone defect. Marrow space tissue still occupied a
small portion of the defect area. A few bone trabecular from the periosteum were observed.
No bone resorb was recorded. The bone defect was composed of 18 ± 3% of lamellar bone,
52 ±1% of woven bone, and 26 ± 4% of marrow spaces (Figures 3–5 and Table 1).

3.3. Statistical Evaluation

A statistically significant difference was evident in the percentage of new bone between
the Control and Test site. The average and SD values of the new lamellar bone, woven
bone, and medullary space are presented in Table 1 and Figure 6.



Appl. Sci. 2021, 11, 395 7 of 10Appl. Sci. 2021, 11, x FOR PEER REVIEW 7 of 10 

Figure 6. Graph chart of the lamellar bone, woven bone, and medullary space of control group 
and APG group after four weeks (t Student test), * p < 0.05. 

4. Discussion
In this study we observed that APG induced a higher quantity of lamellar bone and 

woven bone within the tibia defect as compared to the control. In this research, we aimed 
to further investigate bone regeneration enhanced by APG in a rabbit model using histo-
logical parameters. We calculated the percentages of marrow space and new bone for-
mation in the tibia defects filled with APG. The results showed that the percentage of 
formation of new bone and marrow space was different between the two groups. Pre-
cisely, we found that, although some percentage of new bone in the APG group was 
higher than that of the control, when comparing the woven bone, we found that APG 
increased bone formation significantly more than in the control site. The present findings, 
when comparing the data obtained on bone formation, showed that the positive role of 
APG in bone regeneration is due to the formation of mature (lamellar) bone restricted to 
the cortical bone. These results confirm previous observations on the role of concentrate 
platelet on bone healing. APG possesses osteocoinductive properties and is capable of 
providing a three-dimensional structure for bone healing, thus, it may be speculated that 
concentrate platelet and fibrin may favor the natural process of bone formation and can 
provide a microenvironment to produce osteogenic activity. This hypothesis is also con-
firmed by data showing that APG showed greater osteoconductivity and had a greater 
percentage of woven bone when compared to the control site. Probably, fibrin matrix 
could hold many cytokines and growth factors and release them in the wound site for a 
prolonged time. In fact some authors find that fibrin matrix releases growth factors in the 
wound site over a prolonged time and accelerates bone repair [10,17]. However, given the 
low number of rabbits used in the study, further studies are necessary to validate this 
hypothesis. Several authors have investigated the action of fibrin matrix in bone regener-
ation, either alone or in combination with other graft materials [18]. Platelet derivates have 
been used in bone regeneration to improve bone quality and bone quantity [19,20]. In fact, 
autologous platelet derivate, liberates different growth factors, such us vascular endothe-
lial growth factor (VEGF), growth factor (PDGF) transforming growth factor beta (TGF-
β), and others. The autologous platelet derivate gradually releases growth factors from 
the APG matrix and this liberation can last for up to seven days, which may improve 
tissue healing and better results in bone regeneration procedures [21–25]. In the present 
study, we chose New Zealand Rabbits due to the possibility of collecting an amount of 
blood as in humans, their bone turnover rate, and the ease of handling and availability, 
making them an appropriate model for the evaluation of bone regeneration. This model 
is frequently used for evaluating bone healing in implantology [26]. It was decided to 
evaluate the bone regeneration after four weeks because the rabbit has a high rate of bone 

Figure 6. Graph chart of the lamellar bone, woven bone, and medullary space of control group and APG group after four
weeks (t Student test), * p < 0.05.

4. Discussion

In this study we observed that APG induced a higher quantity of lamellar bone
and woven bone within the tibia defect as compared to the control. In this research, we
aimed to further investigate bone regeneration enhanced by APG in a rabbit model using
histological parameters. We calculated the percentages of marrow space and new bone
formation in the tibia defects filled with APG. The results showed that the percentage of
formation of new bone and marrow space was different between the two groups. Precisely,
we found that, although some percentage of new bone in the APG group was higher
than that of the control, when comparing the woven bone, we found that APG increased
bone formation significantly more than in the control site. The present findings, when
comparing the data obtained on bone formation, showed that the positive role of APG in
bone regeneration is due to the formation of mature (lamellar) bone restricted to the cortical
bone. These results confirm previous observations on the role of concentrate platelet on
bone healing. APG possesses osteocoinductive properties and is capable of providing a
three-dimensional structure for bone healing, thus, it may be speculated that concentrate
platelet and fibrin may favor the natural process of bone formation and can provide a
microenvironment to produce osteogenic activity. This hypothesis is also confirmed by
data showing that APG showed greater osteoconductivity and had a greater percentage of
woven bone when compared to the control site. Probably, fibrin matrix could hold many
cytokines and growth factors and release them in the wound site for a prolonged time. In
fact some authors find that fibrin matrix releases growth factors in the wound site over a
prolonged time and accelerates bone repair [10,17]. However, given the low number of
rabbits used in the study, further studies are necessary to validate this hypothesis. Several
authors have investigated the action of fibrin matrix in bone regeneration, either alone
or in combination with other graft materials [18]. Platelet derivates have been used in
bone regeneration to improve bone quality and bone quantity [19,20]. In fact, autologous
platelet derivate, liberates different growth factors, such us vascular endothelial growth
factor (VEGF), growth factor (PDGF) transforming growth factor beta (TGF-β), and others.
The autologous platelet derivate gradually releases growth factors from the APG matrix
and this liberation can last for up to seven days, which may improve tissue healing and
better results in bone regeneration procedures [21–25]. In the present study, we chose New
Zealand Rabbits due to the possibility of collecting an amount of blood as in humans, their
bone turnover rate, and the ease of handling and availability, making them an appropriate
model for the evaluation of bone regeneration. This model is frequently used for evaluating
bone healing in implantology [26]. It was decided to evaluate the bone regeneration
after four weeks because the rabbit has a high rate of bone turnover and reaches bone
maturation after eight weeks [27]. In the present study, at the four-week healing interval,
the APG group showed significantly more new bone formation in the cortical portion than
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control. In the present study we did not evaluate the differences from the other CP and
our results are similar to Ehrenfest et al. that reported the platelet concentrate increases
new bone formation [10]. The use of fibrin matrix solely as a filling material for critical
bone defects remains controversial. Ozdemir et al. reported positive effects of L-PRF when
used in conjunction with titanium barriers [28]. The animal study conducted by Kim et al.
reported increased bone mineral density and bone volume in calvaria bone defects of
rabbits treated with PRF already after six weeks, with similar results to two other platelets
concentrates tested: PRP and Concentrated Growth Factor [29]. So in the present study we
have observed similar results to that of PRF. While Knapen et al. observed that L-PRF did
not provide any additional effect on the quantity and quality of bone during guided bone
healing over a period of 12 weeks [30]. Frequently, platelet concentrates have been used
mixed with bone graft to promote bone regeneration [31]. The growth factors present in
APG have been shown to induce bone formation and enhance fibroblast proliferation when
mixed with hydroxyapatite [32]. Furthermore, fibrin matrix increases the rate of collagen
formation, tissue vascularity, and mitosis of mesenchymal stem cells, endothelial cells, and
osteoblasts [17]. APG promotes adhesiveness and tensile strength for clot stabilization,
especially in bone defects. Our results showed that the treatment of bone defects by APG
application significantly increases the healing dynamics, at least in terms of new bone
formation. However, the role of fibrin matrix in bone defect is controversial, Faot et al.
reported that the L-PRF did not influence bone formation when it was used in non-critical
bone defects in rabbit tibia at 28 days [33]. Motta Padilha et al. found in a rat model that L-
PRF reduced inflammatory response and enhanced bone neoformation [34]. Many studies
showed that L-PRF mixed with scaffold improved bone repair [35–37]. In conclusion, there
is a clear positive effect of APG on bone healing with enhanced bone tissue repair restricted
to the cortical bone of critical size defects in rabbit tibia during our four week experiment,
while it did not enhance bone tissue repair in the medullary space. The present study
has a major limitation: The treated and control defects were on the same tibia, therefore
there was a possibility of the growth factors generating from the APG site migrating to the
empty site. While migration of the fibrin matrix is not possible, it is probable that the fibrin
matrix plays an important role in bone healing. Another limit is that the present study has
investigated the role of APG on bone healing by a histomorphometry approach without
an evaluation of mechanical strength and the localized or systemic concentration of the
growth factors, which ones, and the duration of their increases.
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