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Abstract Coral is an osteoconductive material used as a

bone graft extender and human platelet rich plasma has

been used as a source of osteoinductive factor. A combi-

nation of human platelet rich plasma and coral is expected

to create a composite with both osteoconductive and os-

teoinductive properties. This study examined the effect of a

combination of human platelet rich plasma and coral on

osteogenesis in vivo using rabbit model of bone healing. A

critical size defect of 10 mm elongation was created in the

radial diaphysis of 36 rabbit and either supplied with coral-

human PRP, or coral alone or left empty (control group).

The platelets in the PRP were about 10.1 fold compared to

normal blood. Radiographs of each forelimb was taken

postoperatively on 1st day and then at the 2nd, 4th, 6th and

8th weeks post injury to evaluate bone formation, union

and remodeling of the defect. The operated radiuses were

removed on 56th postoperative day and were grossly and

histopathologically evaluated. In addition, biomechanical

test was conducted on the operated and normal forearms of

the rabbits. This study demonstrated that coral-human PRP

(hPRP), could promote bone regeneration in critical size

defects with a high regenerative capacity. The results of the

present study demonstrated that coral-hPRP could be an

attractive alternative for reconstruction of the major

diaphyseal defects of the long bones in animal models.

1 Introduction

Bone grafting is used to enhance healing in large bone

defects resulting from trauma, tumors, osteitis, delayed

unions, non unions, ostoectomies, arthrodesis, and multi-

fragmentary fractures [1–3]. Various bone graft substitutes

including autografts, allografts, xenografts, polymers,

ceramics and some metal have been employed to promote

bone reunion [4, 5]. They may provide a source of

osteoprogenitor cells (osteogenesis), induce formation of

osteoprogenitor cells from the surrounding tissues (osteo-

induction), and provide mechanical support for vascular and

bone ingrowth (osteoconduction) [6]. Autogenous bone still

remains the ‘‘gold standard’’ of bone graft material in all

facets of orthopedic surgery and is commonly used as a

standard to which allografts and graft substitutes are com-

pared [7–12]. While application of the autografts in the bone

defects are effective in diminishing the risk of the infectious

disease transmission, they have also optimal osteoconduc-

tive, osteoinductive, and osteogenic properties. Moreover,

there is no immune response after their implantation, and this

criterion enhanes their ability to incorporate into the new

sites [13, 14]. As a graft, autogenous bone is ideal, but har-

vest of the autografts may be associated with severe donor

site pain and morbidity even with new trapdoor harvesting

techniques [15, 16]. In procedures requiring large amounts of

graft, there may not be adequate quantities of autogenous

bone available [16]. Because of the significant shortcomings
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of autogenous bone graft, a current understanding of avail-

able grafting alternatives is necessary. An allograft, by def-

inition, is any tissue harvested from one individual and

implanted into another of the same species [15]. In a search

for an adequate substitute for autogenous bone, cadaveric

allograft has been a viable option and structural and mors-

elized forms are available and prepared as either fresh-frozen

or freeze-dried [16]. These grafts provide a structural

framework or scaffold for host tissue to grow, hence making

allograft osteoconductive. Conversely, its osteoinductive

properties are mediocre at best. Upon implantation, the host

is expected to experience an intricate immune response [16,

17]. According to the above explanations, transplantation of

autografts or allografts, mineral bone substitutes [18–20] and

callus distraction are the most commonly used techniques for

skeletal reconstruction. However, each of these procedures

have its own significant limitations such as lack of avail-

ability or it may not be appropriate because of biological or

biomechanical reasons [1, 21]. Therefore, osteoinductive

stimulation of bone formation has received increasing

interest.

Both demineralized bone matrix and growth factors

have been used in numerous experimental and clinical

defect situations [22]. A number of growth factors are

present in PRP, including platelet-derived growth factor

(PDGF), vascular endothelial growth factor (VEGF),

transforming growth factor-b1 (TGF-b1), and insulin like

growth factor (IGF) and they have a stimulating effect on

healing of the bone defects. This stimulating effect is

resulted due to chemotaxis induction as well as prolifera-

tion and differentiation of osteoblasts and their precursors

[22, 23]. An easy and more physiological way of applica-

tion of growth factors to bone defects is via the use of

platelet-rich plasma (PRP), a thrombocyte concentrate

made up of autogenous blood [23, 24].

Several investigations previously demonstrated a posi-

tive effect of PRP on wound healing [25–27]. A lot of

studies have been conducted to investigate the effects of

PRP upon regeneration of the bone defects [24, 28–34].

However, the results of these studies are controversial.

Marx et al. [24] used PRP for reconstruction of the max-

illofacial defects in humans and found that PRP resulted in

a quicker maturation of autogenous bone transplants and

resulted a higher bone density. Another prospective study

also reported a positive effect of PRP in a similar defect

situation [29]. Further clinical investigations suggested an

osteogenic potential of PRP but did not include control

groups [30, 32, 33] or could not identify any positive effect

[35]. It should be stated that not only the clinical data are

contradictory, but in vivo experimental findings are also

inconsistent. In a bone defect in the iliac crest of dogs, PRP

combined with demineralized bone powder enhanced bone

formation around the titanium implants [36]. In a rabbit

skull model, however, PRP did not influence bone healing

[28]. In a similar study in pigs, PRP enhanced bone density

temporarily when applied together with autograft but it was

not effective when used in conjunction with a collagen

scaffold containing additional osteoinductive proteins [34].

Certain coral species form a structure that resembles the

matrix of bone. Each species builds a structurally and geo-

metrically typical calcium carbonate skeleton. Choice of the

appropriate species therefore enables a desired and constant

implant structure to be achieved. More than 2000 coral

species have been described from the intertropical area and,

of these, fourteen corals have been studied as possible bone

substitutes. The following genera have already been used as

bone grafts: Pocillopora, Acropora, Montipora, Porites,

Goniopora, Fungia, Polyphyllia, Favites, Acanthastrea,

Lobophyllia and Turbinaria [37]. The most prominent spe-

cies in terms of cover and frequency are Porites lutea and

P. compressa in Persian Gulf and Kish Island [38, 39].

Calcium carbonate (CaCO3) resembles hydroxyapatite

in many respects. The material is biocompatible and

osteoconductive but, similar to hydroxyapatite, has no

osteoinductive properties [40]. The main difference of

CaCO3 with hydroxyapatite is the resorption. Resorption

seems to be clinically unimportant with hydroxyapatite, but

the animal experiments have shown resorption rates of only

a few weeks, when calcium carbonate is used [41].

No assessment has been made as yet of a combination of

calcium carbonate and human plasma rich platelet (hPRP) in

healing of the bone defects. Therefore, the present study was

designed to determine whether hPRP in combination with

coral could regenerate a large segmental bone defect which

would otherwise not repair. Coral was selected as a scaffold

because of its interconnected porous architecture, high com-

pressive breaking stress, good biocompatibility and resorb-

ability. The experiment was devised to compare the healing

potential of hPRP delivered on a porous coral biomatrix with

that of the biomatrix alone, or a defect left empty.

2 Materials and methods

2.1 Animals and operative procedures

Thirty-six New Zealand white rabbits, 12 months old, of

both sexes, weighing 2.0 ± 0.5 kg, were kept in separate

cages, fed a standard diet and allowed to move freely

during the study. The animals were randomly divided into

three equal groups as coral group (n = 12), coral-hPRP

group (n = 12) and empty group (n = 12, control group).

All the animals were anesthetized by intramuscular

administration of 40 mg/kg ketamine hydrochloride and

5 mg/kg xylazine. The right forelimb of all the animals was

prepared aseptically for operation. A 5 cm incision was
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made craniomedially over the skin of fore limb and the

radius was exposed by dissecting the surrounding muscles.

A 10 mm segmental defect was then created in the mid

portion of each radius as a critical size bone defect. In the

coral group and coral-hPRP group, the bone defect was

filled with Persian Gulf coral segments. Four days after

operation 1 ml hprp was injected percutaneously into the

defect of bones in the animals of the coral-hPRP group

while defects of the rabbits of the control group was left

empy. Normally surgical procedures lead to inflammatory

reactions and the acute phase of the inflammatory pro-

cesses usually lasts for about 4 days. The authors proposed

that if the hPRP was injected intraoperatively during the

surgical operation, the injected hPRP could be destroyed by

the inflammatory mediators and it possibly was not effec-

tive in the later stages of healing. In addition, the authors

let the fibrin clot present in the hemaetoma to be removed

from the defected area and then the hPRP was injected in

the organized tissue to exert its effect in a more longer

period of fibroplasia phase of healing. The animals were

housed in compliance with our institution’s guiding prin-

ciples ‘‘in the care and use of animals’’. The local Ethics

Committee for animal experiments approved the design of

the experiment.

2.2 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 22�C.

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 leu-

kocytes 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 blood, both

whole blood and prepared PRP were subjected to platelet

counts. Platelet counts were performed using a hematology

analyzer (Advia 120, Bayer B.V., Mijdrecht, Netherlands).

Number of platelets in whole blood and PRP was

239 9 109/l and 2422 9 109/l respectively.

2.3 Preparation of coral implants

Coral exoskeleton from Porites sp. (Persian Gulf, Kish

Island, Iran) was used in the form of cylindrical blocks of

4 mm in diameter and 10 mm long. The coral implants

were sterilized by autoclaving so that the composition

remained intact [42]. The implants were prepared as seg-

mented cone shape to allow them to fill the created defects.

3 Post operative evaluations

3.1 Radiological evaluation

To evaluate bone formation, proximal and distal union and

remodeling of the defect, radiographs of each forelimb was

taken postoperatively on 1st day and then at the 2nd, 4th,

6th and 8th weeks post injury. Any bone formation

between coral and proximal segment of the radius bone

was considered as the proximal union and any bone for-

mation between the coral with the distal segment of the

radius bone was considered as the distal union. The results

were scored using the modified Lane and Sandhu scoring

system [43] (Table 1).

3.2 Gross evaluation

The operated radial bones of rabbits were removed on

56th postoperative day; at this time the operated radius

was evaluated for gross signs of healing. Examination and

blinded scoring of specimens included presence of

bridging bone, indicating a complete union (?3 score),

presence of cartilage, soft tissue or cracks within the

defect indicating a possible unstable union (?1 or ?2

score), or complete instability at the defect site indicating

no union (0 score).

4 Histopathological evaluation

Eight weeks after operation the rabbits were euthanized

for histopathological and biomechanical evaluation. His-

topathological evaluation was carried out on six rabbits of

each group randomly. Right forelimb were 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% formalin. The formalin-fixed bone

samples were decalcified in 15% buffered formic acid

solution and processed for routine histological examina-

tion. Two 5 micron thick sections were cut from the

centers of each specimen and were stained with Hema-

toxylin and Eosin. The sections were blindly evaluated

and scored by two pathologists according to Emery’s

scoring system [44] and based on this scoring system the

defects were evaluated as follows: When the gap was

empty (score = 0), if the gap was filled with fibrous tissue

only (score = 1), with more fibrous tissue than fibrocar-

tilage (score = 2), more fibrocartilage than fibrous tissue

(score = 3), fibrocartilage only (score = 4), more fibro-

cartilage than bone (score = 5), more bone than fibro-

cartilage (score = 6) and filled only with bone

(score = 7).
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4.1 Biomechanical evaluation

The biomechanical test was conducted on the injured

treated and untreated and their normal contralateral bones

of each rabbit. The tests were performed using a universal

tensile testing machine (Instron, London, UK). 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. Changes in the length (DL) and toleration of

ultimate (maximum) load were detected from the graph

sketched by the machine.

The bending stiffness was derived using the following

equation:

Bending stiffness (or bending rigidity) S = EI in Nmm2,

which is the product of the Elastic modulus E and the axial

second moment of inertia I. This is calculated by the for-

mula: S = EI = (L3/48) 9 (delta F/delta w), where L is

the distance between the supporting bars, F is the force, and

w is the deformation. Delta F/delta w is taken from the

(most) linear part of the load-deformation curve. The data

derived from the load-deformation curves such as ultimate

load and calculated bending stiffness were expressed as

mean ± SEM for each group.

5 Statistical analysis

The radiological, clinical 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 Paired t test between the treated and

utreated bone of the contralateral data and one way

ANOVA test used for biomechanical analysis between

treated bones of groups. All biomechanical data passed

normally distribution test and Bonferroni’s method used

for multiple testing and results presented as mean-

s ± SEM (SPSS version 17 for windows, SPSS Inc,

Chicago, USA).

6 Results

6.1 Radiological findings

There was a significant difference in bone formation

between control with coral and coral-platelet group on the

56th day post injury (P \ 0.05). By day 56, there had been

75–100% bone formation in the animals of the coral and

coral-hPRP group and 50–75% bone formation in those of

the control group (Table 2) (Fig. 1).

Bone union had occurred in coral-hPRP rabbits by

day 14th, 28th and 42nd post-surgery, but not in the

controls and coral group. In addition, bone union in the

animals of the coral group by day 42nd post-surgery was

more prominent than the control ones. This trend con-

tinued with less union occurring in controls (Tables 3, 4;

Fig. 1).

Remodeling was not found in either group on 14th, 28th,

42nd and 56th days post surgery (Table 5; Fig. 1).

Table 1 Modified Lane and Sandhu radiological scoring system

Bone formation

No evidence of bone formation 0

Bone formation occupying 25% of the defect 1

Bone formation occupying 50% of the defect 2

Bone formation occupying 75% of the defect 3

Bone formation occupying 100% of the defect 4

Union (proximal and distal evaluated separately)

No union 0

Possible union 1

Radiographic union 2

Remodeling

No evidence of remodeling 0

Remodeling of medullary canal 1

Full remodeling of cortex 2

Total point possible per category

Bone formation 4

Proximal union 2

Distal union 2

Remodeling 2

Maximum Score 10

Table 2 Radiographical findings for bone formation at various post-

operative intervals

Postoperative

days

Med (min–max) Pa

Control

(n = 12)

Coral

(n = 12)

Coral-hPRP

(n = 12)

14 0 (0–1) 0 (0–0) 0 (0–1) 0.2

28 1 (0–1) 1 (1–2) 1 (0–2) 0.06

42 1 (0–3) 2 (1–3) 2 (1–3) 0.1

56 2 (1–3) 3 (2–3)b 2 (2–3)c 0.02

Significant P-values are presented in bold face
a Kruskal–Wallis non-parametric ANOVA
b P = 0.01 (compared with control by Mann–Whitney U test)
c P = 0.01 (compared with control by Mann–Whitney U test)
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6.2 Gross and histopathological findings

The defect areas of all rabbits contained new bone; how-

ever, the defects left blank or generally contained the least

amount of new bone and were often filled with a mixture of

fibrous connective tissue and cartilage. The union scores of

the rabbits administered with coral or coral-hPRP were

statistically superior to control group and their values were

greater than the control animals (Table 6). The union score

at macroscopic level correlated closely with the radio-

graphic union score at day 56 (Figs. 2, 3).

In histological evaluation coral and coral-platelet group

were superior to control group (Table 6). Fibrous non-

unions or fibrocartilages were produced in the defects of

the animals of the control group and the lesions of these

animals were poorly re-vasculated. Bridging callus or

histological union did not develop in any of these defects.

These phonemes lead to very slow healing process in

control group (Figs. 4, 5).

The defect of two rabbits of coral group were filled with

mature cortical bone and the lesion in the rest four rabbits

were substituted fibrocartilage tissues. However, the

defects of the animals in the coral group showed some

angiogenic activities but it was not as well as those of the

coral-platelet group (Figs. 6, 7). Normal trabecular and

woven bone were uniformly formed within the defects of

the animals that were treated with coral-platelet and the

Fig. 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)

Table 3 Radiographical findings for proximal union at various post-

operative intervals

Postoperative

days

Med (min–max) Pa

Control

(n = 12)

Coral

(n = 12)

Coral-hPRP

(n = 12)

14 0 (0–0) 1 (0–0) 0 (0–1)bc 0.01

28 1 (0–1) 1 (0–1) 1 (0–2)d 0.04

42 1 (0–1) 1 (1–2)e 2 (1–2)fg 0.00

56 1 (0–2) 2 (1–2) 1 (1–2) 0.2

Significant P-values are presented in bold face
a Kruskal–Wallis non-parametric ANOVA
b P = 0.03 (compared with control by Mann–Whitney U test)
c P = 0.04 (compared with coral by Mann–Whitney U test)
d P = 0.02 (compared with control by Mann–Whitney U test)
e P = 0.01 (compared with control by Mann–Whitney U test)
f P = 0.00 (compared with control by Mann–Whitney U test)
g P = 0.02 (compared with coral by Mann–Whitney U test)

Table 4 Radiographical findings for distal union at various post-

operative intervals

Postoperative

days

Med (min–max) Pa

Control

(n = 12)

Coral

(n = 12)

Coral-hPRP

(n = 12)

14 0 (0–1) 0 (0–0) 0 (0–0) 0.1

28 1 (0–1) 1 (0–1) 1 (0–1) 0.5

42 2 (0–2) 1 (0–2) 1 (0–2) 0.3

56 2 (0–2) 2 (1–2) 1 (1–2) 0.4

a Kruskal–Wallis non-parametric ANOVA

Table 5 Radiographical findings for Remodeling at various post-

operative intervals

Postoperative

days

Med (min–max) Pa

Control

(n = 12)

Coral

(n = 12)

Coral-hPRP

(n = 12)

14 0 (0–0) 0 (0–0) 0 (0–0) 1.0

28 0 (0–0) 0 (0–0) 0 (0–0) 1.0

42 0 (0–0) 0 (0–0) 0 (0–0) 1.0

56 0 (0–1) 1 (0–1) 0 (0–1) 0.1

a Kruskal–Wallis non-parametric ANOVA
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lesions of three from six animals of this group were filled

with woven bone and showed proper maturation. The

regenerated bone completely spanned the defect and most

instantly produced full histologic union. Active endo-

chondral ossification and secondary fracture repair took

place in the middle of the defect in coral-platelet group

(Figs. 8, 9). No significant inflammatory response was

evident in the lesions of the animals of different groups at

8 weeks, although it may have been present earlier

(Fig. 10).

6.3 Biomechanical findings

There was statistical significant differences between the

treated bone with normal bone of the control group in

terms of ultimate load (P = 0.01) and the normal bone

had superior ultimate load compared to those of the

treated bone in the animals of control group. However,

there was no significant difference (P [ 0.05) between the

treated with untreated bones of the animals of other both

groups. In addition, there was significant difference

between the treated bone of the coral-hPRP with the

treated bone of the control group (P = 0.01). The treated

bone of the coral-hPRP had superior ultimate load in

comparison with treated bone in the control group.

Bending stiffness in untreated bone of control group was

significantly (P = 0.02) superior to treated bone of con-

tralateral side. There was no significant difference

(P [ 0.05) between the treated bones of three groups

(P [ 0.05) (Table 7).

7 Discussion

To evaluate the bone healing potential of a combination of

coral and human PRP a defect model was established in the

radial bone of rabbits. This model has previously been

reported suitable because there is no need for internal or

external fixation which influences the healing process [45].

The segemental defect was created in the middle portion of

the radius as long as 10 mm for inducing nonunion defect

and to prevent spontaneous and rapid healing [46].

This study was performed to provide an explanation for

the existing confusion in the literature regarding the effi-

cacy of PRP treatment in combination with other artificial

bone graft substitutes, 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 human

Table 6 Bone measurements at macroscopic and microscopic level

Bone type

evaluation

Med (min–max) Pa

Control

(n = 6)

Coral

(n = 6)

Coral-hPRP

(n = 6)

Macroscopic

unionf
1 (1–2) 2 (1–3)b 2 (1–3)c 0.004

Microscopic

evaluationg
2 (1–5) 6 (5–7)d 6 (5–7)e 0.001

Significant P-values are presented in bold face
a Kruskal–Wallis non-parametric ANOVA
b P = 0.01 (compared with control by Mann–Whitney U test)
c P = 0.002 (compared with control by Mann–Whitney U test)
d P = 0.005 (compared with control by Mann–Whitney U test)
e P = 0.003 (compared with control by Mann–Whitney U test)
f Complete union (?3 score), presence of cartilage, soft tissue or

cracks within the defect indicating a possible unstable union (?1 or

?2 score), complete instability at the defect site indicating nonunion

(0 score)
g Empty (0 score), fibrous tissue only (1 score), more fibrous tissue

than fibrocartilage (2 score), more fibrocartilage than fibrous tissue (3

score), fibrocartilage only (4 score), more fibrocartilage than bone (5

score), more bone than fibrocartilage (6 score) and bone only (7 score)

Fig. 2 Radiographs of treated forelimb in coral group, on 1st day (a),

14th postoperative day (b), 28th postoperative day (c), 42nd

postoperative day (d) and 56th postoperative day (e)
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PRP as a xenogenic PRP concurrent with coral effects on

bone healing in rabbit model.

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 posi-

tive influence of PRP on bone regeneration [24, 29, 34, 47].

However, in human maxillofacial defects, neither autograft

nor allograft or a mineral bone substitute material enhanced

bone formation when augmented with PRP [35, 48, 49]. In

a non-critical rabbit skull defect, PRP was not superior to

the empty defect nor did PRP increased bone formation by

autogenous bone [28].

This study demonstrates coral-PRP’s role in treating bone

defects. From both quantitative and qualitative analyses

conducted using the four outcome measurements described

in this study, significant differences are apparent between

the coral-PRP treated groups and the two other groups.

Platelet rich plasma was found to be effective only when

used together with bone graft [50]. Artificial bone graft

Fig. 3 Radiographs of treated forelimb in coral-hPRP group, on 1st

day (a), 14th postoperative day (b), 28th postoperative day (c), 42nd

postoperative day (d) and 56th postoperative day (e)

Fig. 4 Photomicrograph of sagittal section of control group note to

extensive fibrous connective tissues in the defected area black arrow

and old bone white arrow (H & E stain 109)

Fig. 5 Photomicrograph of control group note to fibrocartilage

tissues in the defected area (H & E stain 409)

Fig. 6 Photomicrograph of sagittal section of coral group, bone

marrow was not forming in the grafted area (note to white arrow),

although trabecular bone was observed in the grafted area (note to

white arrow). Note to the old bone and bone marrow with old bone–

coral integration (black arrows) (H & E stain 109)
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made from cultured corals was used as it has no osteoin-

ductive potential. Its use with PRP provided the evidence

required to demonstrate the tissue-enhancing ability of

PRP. Overally, the results of this study correlate with the

findings of other studies that supported the use of PRP in

almost similar conditions. Papa et al. [51], used a mixture

of aragonitic calcium carbonate and autologous platelet-

rich plasma and compared it with that of a previously

published study in which bovine bone and autologous bone

were used in 50 sinus lift operations. They found that the

newly formed bone showed morphologic and structural

characteristics that were similar in all the grafting materials

(bovine bone, autologous bone, and coral). Although all the

grafting materials did yield good results of maturation of

the newly formed bone, however the best results were

achieved using autologous bone. In another study Zhang

et al. [52] studied the growth-factor gene releasing coral

composites as a regenerative material for periodontal

regeneration. Their study, demonstrated the potential of

coral scaffold combined PDGFB gene as a good substrate

candidate in periodontal tissue regeneration. This has

convinced many clinicians and scientists to support its use

in clinical practice [35, 36, 53].

The results of the present study indicate that hPRP in

combination with coral stimulates a favorable reaction in

the injured area of the long bones. The radiographic eval-

uation showed that the bone gap in the coral-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 even at the end of eight weeks post-injury

Fig. 7 Photomicrograph of cross section of coral group, note to the

trabecular bone (white arrow) and hypertrophic chondroblasts (black
arrow) in the grafted area (H & E stain 409)

Fig. 8 Photomicrograph of cross section of coral-hPRP group,

mature bone and severe revascularisation (black arrow), chondro-

genesis and woven bone in the grafted area (white arrow) (H & E

stain 109)

Fig. 9 Photomicrograph of sagittal section of coral-hPRP group, note

to grafted region, woven bone formation (black arrow) with bone

marrow remodeling (white arrow) (c, H & E stain 109)

Fig. 10 Photomicrograph of cross section of coral-hPRP group, bone

marrow appears, woven bone was observed with scattered lamellar

mature bone (H & E stain 109)
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were still in the fibroplasia stage. This fact was corrobo-

rated by macroscopic, microscopic and biomechanical data

analysis, which showed that osteogenesis in the defects of

the animals of coral-hPRP group, was stronger than those

of the two other groups at 56 days post-injury. Clinically,

coral is used with success in spinal fusion [54, 55], cranial

surgery [56] and dentistry [57]. It is osteoconductive but is

not osteogenic.

In osteoperiosteal gaps bridged with blocks of coral

only, the porosities were invaded with fibrous tissue or

fibrocartilage tissues and bone tissues were formed very

rarely [58]. Occasionally, bone formation was observed in

direct contact with coral confirming its osteoconductivity,

but it was insufficient to allow union [58]. In another study,

bone formation in the porous calcium carbonate and porous

hydroxyapatite in ectopic sites were determined and the

results indicated that bone formation in the calcium car-

bonate derived from marine corals was comparable to the

bioactive hydroxyapatite [59]. Therefore, this model

proved to be adequate for the evaluation of coral as a

scaffold for human platelet.

Ohgushi et al. [59] and Vuola et al. [60] demonstrated that

supplementation of coral with whole marrow increased

osteogenesis in the ectopic model. We have shown that

addition of hPRP to coral led to an enhancement in osteo-

genesis in large bone defects in rabbits. Bone formation

occurred in sufficient amounts to allow union of the defects.

More unexpected is the formation of cortex and of a

medullary canal with mature lamellar bone observed in the

most favourable cases. The previous in vitro studies have

shown that coral supports attachment, growth and differ-

entiation of the bone-marrow stromal cells [61]. The

findings of the present study suggest that coral is a suitable

resorbable carrier for platelet in vivo. It serves as a sub-

strate to promote the stem cells of the bone marrow to

attach and grow, and as a template guides bone morpho-

genesis in a clinically relevant volume.

Platelet rich plasma contains several growth factors

including isomers of PDGF, TGF-X 1, TGF-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 [62] and stimulates migration of the mesen-

chymal progenitor cells [63]. It has been stated that PDGF

was able to induce callus formation in the bone defects of

the animal models [31]. TGF-X also has a stimulative

effect on osteogenesis and inhibits bone resorption [64]. In

addition, it is reported that IGF-I and the angiogenic factor

VEGF induced bone formation in rats [65] and in rabbits

[66], respectively. In our study angiogenesis was superior

in group coral-hPRP due to presence of VEGF in human

platelet. In summary, these growth factors support bone

regeneration primarily via their chemotactic and mitogenic

effects on the preosteoblastic and osteoblastic cells. Due to

this phenomenon, an enhanced bone formation criteria in

the animals of the coral-hPRP group compared to those of

the control ones was observed. However, hPRP does not

contain BMPs, the most potent osteoinductive proteins,

that are the only growth factors known to induce ectopic

bone formation which promote stem cell differentiation

into the osteoblastic lineage [67].

The enhanced healing effects of human PRP after

combining it with human bone graft material compared to a

combination with a synthetic bone substitute, can also be

explained by the mechanism of action of PRP. According

to Marx et al. [53], PRP is thought to exert its effect on

living cells. Consequently, when PRP is used together with

synthetic, non-cellular bone substitutes less promotion of

bone formation could be expected compared to its appli-

cation with the bone graft material. The beneficial effects

of PRP applied in combination with a synthetic bone

substitute, depend on the number of resident osteoprogen-

itor cells at the bone defect site. Occasionally, the osteo-

conductive materials can obscure the true effect of PRP.

However in the present study, combination of hPRP with

coral lead to superior bone healing in comparison with the

coral or control group. Therefore, based on the findings of

the present study, it could be concluded that high con-

centrations of platelets is effective and lead to superior and

faster bone formation. Because, Schlegel et al. [34] and

Thorwarth et al. [47] got better results by administering

Table 7 Biomechanical findings on 56th postoperative day

Three point bending test

criteria

Mean ± SEM

Control (n = 6) Coral (n = 6) Coral-hPRP (n = 6)

Normal limb Treated limb Normal limb Treated limb Normal limb Treated limb

Ultimate Load (N) (74.33 ± 10.0)a (38.6 ± 7.5) (63.6 ± 14.5) (53.16 ± 9.5) (83.5 ± 17.6) (74.33 ± 5.8)b

Bending Stiffness (Nmm2) (72188 ± 4214)c (51563 ± 8396) (54000 ± 8073) (42188 ± 3165) (66563 ± 8141) (59063 ± 2113)

a P = 0.01 (normal limb compared with treated limb in control group by student-t test)
b P = 0.01 (compared with treated limb in control group by one way ANOVA test)
c P = 0.02 (compared with treated limb in control group by student-t test)
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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 while some other

experimental studies found no correlation between the

platelet concentration and the observed biological effects

[28, 36]. In a recent study it has been shown that hPRP had

superior osteogenic capacity in comparison with those of

the rat PRP and goat PRP in rat bone healing model [68]. In

our study hPRP were used instead of rabbit PRP because,

several studies have indicated presence of several growth

factors in the hPRP [23, 62, 63, 69] but to the author

knowledge, there is no publication as yet about the growth

factors of rabbit PRP in the literature. In addition, prepa-

ration of PRP from the animal blood is not a standardized

procedure such as PRP preparation from human blood. The

critical effective amounts of platelets in PRP for different

animal species, levels of GFs 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 [68]. 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 inflam-

matory response in hPRP xenograft was observed, although

it may have been present earlier.

8 Conclusions

In conclusion this study demonstrated that coral-hPRP

could promote bone regeneration in critical size defects

better than coral alone in rabbit model. This finding will

nominate coral-hPRP as an attractive alternative for

reconstruction of the major diaphyseal defects in the long

bones in rabbit models.
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