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Background: This study was carried out to evaluation the effect of human platelet rich 
plasma (hPRP) on the bone repair process in rabbit model which could be used in many 
procedures of orthopedic or maxillofacial bone and implant reconstructive surgery. 
Materials and Methods: This study is a prospective experimental study on animal model. 
A critical size defect (10 mm) was created in the radial diaphysis of 24 rabbit and then 
supplied with human PRP (treatment group) or the defect left empty (control group). 
Radiographs of each forelimb was taken postoperatively on 1st day and at the 2nd, 4th, 6th 
and 8th weeks post injury to evaluate bone formation, union and remodeling of the defect. 
The operated radii were removed on 56th postoperative day and were evaluated for 
biomechanical properties and histopathological criteria. 
Results: The results indicate that human PRP (as a xenogenic PRP) in treatment group 
significantly promote bone regeneration in critical size defects compared with control 
group (p<0.05). 
Conclusion: This study showed that hPRP has a high regenerative capacity in critical size 
bone defects in rabbit model after 8 weeks. 
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        Introduction 

here is a continuing search for bone substitutes to 
avoid or minimize the need for autogenous bone 
grafts. The use of bone grafts in the management 

of nonunion cases is well accepted. These grafts act as 
scaffolds, which provide the necessary biomechanical 
strength that is required to withstand the compressive 
forces involved during motion. They also promote the 
ingrowth of cells and other biological products, which 
eventually leads to the replacement of these grafts by 
bioactive tissues [1]. Autogenic and allogenic bone grafts 
are commonly used to treat these conditions. However, 
the limited availability of graft sites and the donor-site 
morbidity associated with the use of autologous bone 
grafts have been a major concern. In allogenic bone 
grafts, concerns over transmissible diseases and risk of 
contamination remain high, making its use less appealing 
for patients. Bone grafts are generally made from either 
biological material, for example, hydroxyapatite or 
synthetic materials, for example, calcium carbonate. Each 
of these grafts has unique advantages when used in 
patients; however, the common deficiency seen in these 
grafts appears to be in their ability to promote early bone 
incorporation, which, in turn, translates to late healing. 
The use of osteogenic promoters includes biological 
substances, cell therapies and mechanical induction [1]. 
These therapies are still novel and expensive with the 
exception of one product: PRP (platelet- rich plasma). 
PRP is not only easy to obtain and produce, but also safe 

[2, 3]. In many literatures, PRP has been used to improve 
bone healing in the fields of orthopaedic and maxillofacial 
surgeries; however, reports on the benefits of this material 
have not been conclusive as there have been contradictory 
outcomes, which report both good and poor results [2-8]. 
Clinical studies data were influenced by variables, such as 
defect size, site and patient factors that were not 
standardized, whilst the few experimental studies carried 
out did not demonstrate clearly if the PRP used had 
comparable concentrations. A study to determine the true 
effectiveness of PRP in treating non- or delayed union is, 
therefore, necessary to justify its use in clinical practice. 
In this study, a standardised technique to treat a delayed 
union model was performed in phenotypically identical 
rabbits and assessed for healing using biomechanical, 
histological and radiological methods to illustrate the role 
of PRP in enhancing bone healing. 
 
Materials and Methods 
 

Animals and operative procedure: This study is a 
prospective experimental study on animal model. Twenty 
four New Zealand white rabbits (12 months old, mixed 
sex, weighing 2.5±0.5 kg) were prepared from animal 
house of Shiraz University of Medical Sciences and kept 
in separate cages, fed a standard diet and allowed to move 
freely during the study. Rabbits kept in a well-ventilated 
area, away from draughts, fumes and noise, and at a 
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temperature 23±2ºC. The animals were randomly divided 
into 2 equal groups (each group was 12 rabbits) as treated 
(hPRP) and control. All the animals were anesthetized by 
intramuscular administration of 40 mg/kg ketamine 
hydrochloride (Alphasan, Netherlands) and 5 mg/kg 
xylazine (Alphasan, Netherlands). In all animals the right 
forelimb was prepared aseptically for operation. A 5 cm 
skin incision was made over the forearm craniomedially 
and then the radius was exposed by dissecting the 
surrounding muscles. A 10 mm segmental defect was then 
created on the middle portion of each radius as a critical 
size bone defect [9]. Four days postoperation, 1 mL hPRP 
was injected percutaneously into the defect of bones in 
the treatment group [10] while the defects of the animals 
of the control group were left empty. The animals were 
housed in compliance with our institution’s guiding 
principles ‘‘in the care and use of animals’’. The study 
was performed under regulation of Shiraz University as 
“using animals in scientific procedures” and the Ethics 
Committee approved the design of the experiment. 

PRP preparation: Human PRP was prepared and 
supplied by the Shiraz blood bank Center. About 500 mL 
blood from a healthy donor was collected in 70 mL of 
anticoagulants (citrate-phosphate-dextrose [CPD]) and 
cooled to about 22ºC. Within 24 h of extraction, the blood 
was separated through centrifugation into erythrocytes, 
buffy coat (leukocytes and thrombocytes) and plasma. 
From the buffy coat the leukocytes were removed through 
filtration, and the isolated fraction of platelets was human 
PRP. To obtain information on the increase in platelet 
concentration and the final concentration of platelets in 
the PRP of the obtained blood, both the whole blood and 
the prepared PRP were subjected to platelet counts. 
Platelet counts were performed using a hematology 
analyzer (Advia 120, Bayer B.V., Mijdrecht, the 
Netherlands) [11]. Number of platelets in the whole blood 
was 239×109/L and in the PRP was 2422×109/L. 

Post operative evaluations 
Radiological evaluation: Radiographs of each forelimb 

was taken postoperatively on 1st day and at the 2nd, 4th, 
6th and 8th weeks postoperation to evaluate bone 
formation, union and remodeling of the defect [9]. The 
results were scored using a modified Lane and Sandhu 
scoring system [12]. 

Histopathological evaluation: Eight weeks after 
operation the rabbits were euthanized for 
histopathological and biomechanical evaluation. The 
histopathological evaluation was randomly carried out on 
6 rabbits of each group. The right forelimb of each animal 
was harvested and dissected free of soft tissues. Sagital 
sections containing the defect were cut with a slow speed 
saw. Each slice was then fixed in 10% neutral buffered 
formalin. The formalin-fixed bone samples were 
decalcified in 15% buffered formic acid solution and 
processed for routine histological examination. Two 5 µm 
in thickness sections were cut from the centers of each 
specimen and were stained with hematoxylin and eosin. 
The sections were blindly evaluated and scored by 2 
pathologists according to the Emery’s scoring system [13] 
and based on this scoring system the defects were 

evaluated as follows: when the gap was empty (score=0), 
if the gap was only filled with fibrous connective tissue 
(score=1), with more fibrous tissue than fibrocartilage 
(score=2), more fibrocartilage than fibrous tissue 
(score=3), fibrocartilage only (score=4), more 
fibrocartilage than bone (score=5), more bone than 
fibrocartilage (score=6) and filled only with bone 
(score=7).  

Biomechanical evaluation: The biomechanical test was 
conducted on the injured and normal contralateral bones 
of half of the rabbits of each group. The test was 
performed using a universal tensile testing machine 
(Instron, London, UK) [14-16]. The three-point bending 
test was performed to determine the mechanical 
properties of bones. The bones were placed horizontally 
on two rounded supporting bars located at a distance of 30 
mm, and were loaded at the midpoint of the diaphysis by 
lowering the third bar so that the defect was in the middle 
and had an equal distance from each grip. The bones were 
loaded at a rate of 10 mm/min until fracturing occurred. 
The behavior of each specimen under loading was 
characterized by determining the following parameters 
from the load deformation to destruction curve.  

1. Tan-α: the coefficient of inclination for the linear 
portion of the load-deformation curve represents the index 
of stiffness of the material and is expressed as 
Newton/mm. It is easily calculated by measuring the 
slope of a line drawn as a tangent to the curve at any 
defined point. The slope gives the approximate stiffness 
of the preparation. 

2. Ultimate strength: the highest registered load (N). 
3. The specimen’s extension at the ultimate strength 

region. The term “strain” means the fractional increase in 
the length of the material due to an applied load. It is 
calculated by dividing the extension by the original length 
of the specimen. Strain is more useful than extension, 
because it minimizes the influence of length measurement 
error and does not depend on the specimen size.  

4. Maximum stress: Proportion of the ultimate strength 
to the cross sectional area of the specimen (Newton/mm2). 

The data derived from the load deformation and stress-
strain curves were expressed as Mean±SEM for each 
group and the ultimate strength, stiffness, maximum stress 
and strain was measured and recorded. 

Statistical analysis: The radiological and 
histopathological data were compared by Kruskal-Wallis, 
non- parametric ANOVA. When p-values were found to 
be less than 0.05, then pair wise group comparisons was 
performed by Mann-Whitney U test. The biomechanical 
data were compared by a student's t-test between the 
treated and normal limb data and also was used for 
biomechanical analysis between the treated bones of the 
two groups (SPSS-17 for windows, SPSS Inc, Chicago, 
USA). 

 
Results 

 
No animal was died during operation or until the end of 

the experiment and all the animals completed the study 
without any complications.  
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Radiographic findings 
Bone formation: There was 0-25% bone formation in 

some rabbits in the control group, however 25-50% bone 
formation was observed in the defect of the animal of 
hPRP group on 14th postoperative day. The statistical 
tests supported significant difference on 14th 
postoperative day for bone formation (p=0.001).  

There was significantly more (50-75%) bone formation 
activity in the defects of the rabbits of hPRP group 
compared to those of the control group (0-25% bone 
formation) on 28th postoperative day (p=0.002). On 42nd 
postoperative day there was 75-100% bone formation in 
all rabbits in hPRP group while 25-75% bone formation 
was seen in the rabbits of the control group (p=0.002). 
There was 100% bone formation in the animals of the 
hPRP group and 50-75% bone formation in those of the 
control group on 56th post operative day (Table 1, Fig. 1 
and 2). 

Bone union: There was bone union in the rabbits of 
hPRP group and there was no evidence of union in the 
rabbits of the control group on 14th postoperative days. In 
addition, there was significant bone union in the rabbits of 
hPRP group compared to those of the control ones on 
28th postoperative day. There was statistically significant 
difference for bone union at the 42nd and 56th post 
operative days in the radiological signs of bone union 
between the hPRP and control group (p<0.05) (Tables 2 
and 3, Fig. 1 and 2). 

Remodeling: Remodeling was not found in either group 
on 14th, 28th and 42nd postoperative days. On 56th 
postoperative day remodeling was observed in the rabbits 
of the treated group and statistical tests revealed 
significant difference between the 2 groups, and the 
operated area of the hPRP group showed a more advanced 
remodeling compared to those of the control one (Table 4, 
Fig. 1 and 2). 
Histopathological findings: At histopathological level, 
the defects of the animals of the hPRP group showed 
more advanced repair criteria [med (min-max), 7 (6-7)] 
than those of the control group [med (min-max), 2 (1-5)] 
and statistical tests revealed significant difference 
between the two groups (p=0.002). In all of animals of 
hPRP group the defects were filled with remodeled bone 
tissue and histological union developed in any of these 
animals. Fibrous nonunions or fibrocartilages in the bone 
defects of the animals of the control group were dominant 
and the lesions of these animals showed poor re-
vascularization. Bridging callus or histological union did 
not develop in any of these defects. These criteria lead to 
very slow repair process in the animals of the control 
group (Fig. 3).  

Biomechanical properties: There was significant 
difference between the injured bone with normal bone of 
the control group in terms of ultimate strength (p=0.01) 
and stiffness (p=0.04) and the normal bones had superior 
ultimate strength and stiffness compared to their normal 
contralateral bones. In addition, the ultimate strength 
(p=0.03) and stiffness (p=0.02) of the treated limbs 
showed more advanced values in comparison with those 
of the control group (Table 5).  

 

 
Figure 1. Radiographs of treated forelimb in control group, on 1st day 
(A), 14th postoperative day (B), 28th postoperative day (C), 42nd 
postoperative day (D) and 56th postoperative day(E) 

 
Figure 2. Radiographs of treated forelimb in hPRP group, on 1st day 
(A), 14th postoperative day (B), 28th postoperative day (C), 42nd 
postoperative day (D) and 56th postoperative day (E) 

 

 
 
Figure 3. Photomicrograph of control group note to fibrous connective 
tissues in the defected area without bone marrow formation (yellow 
rectangle), note to old bone region (white rectangle) (A, H & E stain 4x). 
Note to extensive fibrocartilage tissue (B, H & E stain 40x). 
Photomicrograph of hPRP group, compact cortical bone and marrow 
formation was observed in grafted area (C, H & E stain 4x). Note to 
compact bone formation with several Haversian canal (white arrow) and 
Volkmann canal (black arrow) (D, H & E stain 40x) 
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Table 1. Radiographical findings for bone formation at various post-
operative intervals 
 

 Med (min-max) p-Valuea 
Postoperative 
days 

Control (N=6) 
hPRP 
(N=6) 

 

14 0 (0-1) 1 (0-2)b 0.001 
28 1 (0-1) 2 (1-3)c 0.002 

0.002 
0.001 

42 1 (0-3) 3 (1-4)d 
56 2 (1-3) 3 (2-4)e 

Significant p-Values are presented in bold face. 
aKruskal-Wallis non-parametric ANOVA 
bp= 0.002 (compared with control by Mann-Whitney U test) 
cp= 0.007 (compared with control by Mann-Whitney U test) 
dp= 0.002 (compared with control by Mann-Whitney U test) 
ep= 0.001 (compared with control by Mann-Whitney U test) 

 
Table 2. Radiological findings for proximal union at various post-
operative intervals 
 

 Med (min-max) p-Valuea 
Postoperative 
days 

Control (N=6) 
hPRP 
(N=6) 

 

14 0 (0-0) 0 (0-2) 0.03 
28 1 (0-1) 2 (0-2)b 0.008 

0.001 
0.001 

42 1 (0-1) 2 (1-2)c 

56 1 (0-2) 2(1-2)d 

 

Significant p-values are presented in bold face 
aKruskal-Wallis non-parametric ANOVA 
bp= 0.01 (compared with the control group by Mann-Whitney U test) 
cp= 0.001 (compared with the control group by Mann-Whitney U test) 
dp= 0.002 (compared with the control group by Mann-Whitney U test) 

 

Table 3. Radiographical findings for distal union at various post-
operative intervals 

 
 Med (min-max) p-Valuea 
Postoperative 
days 

Control 
(nnnnnnnnnnnnnnnn=6) 

hPRP 
(N=6) 

 

14 0 (0-1) 1 (0-1)b 0.004 
28 1 (0-1) 2 (0-2)c 0.002 

0.005 
0.04 

42 2 (0-2) 2 (0-2)d

56 2 (0-2) 2 (0-2) 
Significant P-values are presented in bold face 
aKruskal-Wallis non-parametric ANOVA 
bp= 0.01 (compared with the control group by Mann-Whitney U test) 
cp= 0.03 (compared with the control group by Mann-Whitney U test) 
dp= 0.007 (compared with the control group by Mann-Whitney U test) 
 
Table 4. Radiographical findings for remodeling over various post-
injury intervals 
 
 Med (min-max) p-Valuea 

Postoperative days Control (N=6) 
hPRP 
(N=6) 

 

14 0 (0-0) 0 (0-0) 1.000 
28 0 (0-0) 0 (0-1) 0.3 

0.03 
0.01 

42 0 (0-0) 0 (0-1) 
56 0 (0-1) 1 (0-2)b

 
Significant p-values are presented in bold face 
aKruskal-Wallis non-parametric ANOVA 
bp= 0.01 (compared with group II by Mann-Whitney U test) 

 
Table 5. Biomechanical findings after 56th postoperative day 

 
 Mean±SEM 

Three point bending test criteria 
Control (N=6) hPRP (N=6) 

Normal limb Treated limb Normal limb Treated limb 

Ultimate strength (N) 74.33±10.0a 38.6±7.5 98.6±7.7 99.1±19.1b

Stress (N/mm2) 3.64±0.7 2.18±0.3 6.08±0.77 6.28±0.69c

Stiffness (N/mm) 128.3±7.4d 91.6±14.9 118.3±14.4 105.0±5.0
Strain (%) 7.9±0.5 8.4±0.6 8.52±0.4 8.1±0.1 
ap= 0.01 (normal limb compared with treated limb in control group by student-t test) 
bp= 0.03 (compared with treated limb in control group by by student t-test) 
cp= 0.02 (compared with treated limb in control group by by student t-test) 
dp= 0.04 (normal limb compared with treated limb in control group by student t-test) 

 
Discussion 
 

This study was designed to provide an explanation for 
the existing confusion in the literature regarding the 
efficacy of the PRP application, and to give more insight 
into the effect of PRP on bone regeneration. To the 
authors’ knowledge this is one of the first studies, which 
presents new data on the bone regenerative properties of 
the human PRP as a xenogenic PRP on bone repair in 
rabbit model. Such defect in the radius in the rabbit model 
has previously been reported suitable because there is no 
need for internal or external fixation which influences the 
repair process [9]. The segmental defect was created on 
the middle portion of the radius as long as 10 mm to 
prevent spontaneous and rapid healing [9]. 

The clinical and experimental data in the literature 
regarding the osteogenic potential of PRP are 
controversial. The results of the present investigation 
confirm a number of clinical and experimental studies 
demonstrating a positive influence of PRP on bone 
regeneration [2, 4]. However, in human maxillofacial 

defects, neither autograft nor allograft or a mineral bone 
substitute material enhanced bone formation when 
augmented with PRP [17-19]. In a non-critical rabbit skull 
defect, PRP was not superior to the empty defect nor did 
PRP increased bone formation by autogenous bone [20]. 

The results of the present study indicate that hPRP 
stimulates a favorable reaction in the injured area of the 
long bones. The radiographic evaluation at two week 
post-injury showed that the bone gap in the hPRP group 
was healed before that of the control group and it was also 
already in the remodeling stage. While the defects of the 
control animals were still in the healing stage even at the 
end of eight weeks post-injury. This fact was corroborated 
by histopathologic and biomechanical data analysis, 
which showed that osteogenesis in the animals of hPRP 
group at 56 days post injury was stronger than those of 
the control group. 

 PRP contains several growth factors including isomers 
of PDGF, TGF-X 1, TGF-X 2, IGF-I, IGF-II and VEGF 
that all of them are promotors of bone regeneration. 
PDGF has been shown to be mitogenic for osteoblasts 
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[21] and stimulates migration of the mesenchymal 
progenitor cells [22]. It is stated that in the bone defects of 
the animal models, PDGF induced callus formation [23]. 
TGF-X also has a stimulative effect on osteogenesis and 
inhibits bone resorption [24]. In addition, it has been 
reported that IGF-I and the angiogenic factor VEGF 
induced bone formation in rats [25] and in rabbits [26], 
respectively. These growth factors support bone 
regeneration primarily via chemotactic and mitogenic 
effects on preosteoblastic and osteoblastic cells. Due to 
this phenomenon, an enhanced bone formation criteria in 
the animals of the hPRP group compared to those of the 
control ones was observed. However, hPRP does not 
contain BMPs, the most potent osteoinductive proteins, 
which promote stem cell differentiation into the 
osteoblastic lineage and are the only growth factors 
known to induce ectopic bone formation [27]. Schlegel   
et al. and Thorwarth et al. got better results by 
administering higher doses of hPRP (6.5-fold compared 
to normal blood) than with lower platelet concentrations 
(4.1-fold) on bone regeneration in skull defects of 
minipigs [28, 29]. Other experimental studies found no 
correlation between the platelet concentration with 
improvement in bone repair [20, 30]. In the present study, 
high platelet concentrations (10.1-fold compared to 
normal blood) were effective and lead to superior and 
faster bone formation than those of the control group. 

The biomechanical evaluation performed in the present 
study indicated initial failure at the interosseous 
membrane, suggesting a strong load sharing mechanism 
through this syndesmosis between the radius and the ulna. 
The syndesmosis was shown to have extensive 
calcification, accounting for a large fraction of the bone 
volume in the defect and possibly contributed to the bone 
in-growth into the defected area. This was supported both 
by histopathologic and radiographic evidences showing 
new bone growth in a cone-like fashion and from the 
direction of the interosseous membrane in the defects of 
hPRP group as well as in the defects with no treatments. 
Thus, separating the radius from the ulna for 
biomechanical testing may damage this tissue. It is also 
important to consider that the radius and ulna act as a unit 
in the physiological setting and it may be more 
biologically-relevant to evaluate them together [31].  

Based on the radiological, histopathological and 
biomechanical findings of the present study, healing of 
the defects of the animals of the control group was not 
very efficient and the defect area was filled with fibrous 
tissues and rarely with cartilage instead of osseous tissue. 
Barnes et al. indicated that the chondrocytes derived from 

the mesenchymal progenitors proliferate and synthesize 
cartilaginous matrix until all the fibrous granulation tissue 
is replaced by cartilage. Where cartilage production is 
deficient, fibroblasts replace the region with generalized 
fibrous tissue. Discrete cartilaginous regions 
progressively grow and merge to produce a central 
fibrocartilaginous plug between the fractured fragments 
that splints the fracture [32].  

Preparation of PRP from the animal blood is not a 
standardized procedure such as PRP preparation from 
human blood, therefore, it was not possible to purchase 
the rabbit PRP from the well known markets. Preparing 
the rabbit PRP from the same animals needed a sizeable 
volume of blood to be collected from each rabbit and the 
Ethics Committee laws did not permit to collect such 
amount of blood from rabbits and believed this will affect 
their healing potentials. In addition, the critical effective 
amounts of platelets in PRP for different animal species, 
levels of growth factors in different animal species and 
similarities or differences in their mechanisms of action 
with PRP of humans have still to be defined. Until then, 
the animal PRP preparations/studies should be interpreted 
carefully [33]. Production of xenoreactive antibodies 
against hPRP could not be excluded, which might have 
affected the results, however, in the current model, no 
histological signs of acute or chronic inflammatory 
response in hPRP xenograft was observed, although it 
may have been present earlier. As it is stated in the text 
one of the main reasons was that the properties of hPRP 
contents have been proved in many earlier studies, 
however, the rabbit’s PRP contents is still unknown to our 
knowledge.  

In overall, this study showed that hPRP has a high 
regenerative capacity in critical size bone defects in rabbit 
model after 8 weeks and it might be used to accelerate the 
bony defect healing in orthopedic or maxillofacial 
reconstructive surgery 
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