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Researchers continuously strive to

improve bone grafting techniques and

to provide the means to obtain a faster

and denser bony regeneration (1).

Marx et al. (2) have proposed the use

of platelet-rich plasma to obtain faster

maturation of autogenous bone grafts.

According to their clinical study,

autogenous bone grafts with platelet-

rich plasma demonstrated faster radi-

ographic maturation and greater bone

density than grafts without platelet-

rich plasma. The rationale behind the

use of platelet-rich plasma is the

assumption that it may improve wound

healing by increasing the levels of

growth factors in the wound site after

degranulation of the platelets. Among
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Background and Objective: The purpose of this study was to analyze histologically

the influence of autologous platelet-rich plasma on bone healing in surgically

created critical-size defects in rat calvaria.

Material and Methods: Thirty-two rats were divided into two groups: the control

group (group C) and the platelet-rich plasma group. An 8-mm-diameter critical-

size defect was created in the calvarium of each animal. In group C the defect was

filled by a blood clot only. In the platelet-rich plasma group, 0.35 mL of platelet-

rich plasma was placed in the defect and covered by 0.35 mL of platelet-poor

plasma. Both groups were divided into subgroups (n ¼ 8) and killed at either 4 or

12 wk postoperatively. Histometric (using image-analysis software) and histologic

analyses were performed. The amount of new bone formed was calculated as a

percentage of the total area of the original defect. Percentage data were trans-

formed into arccosine for statistical analysis (analysis of variance, Tukey,

p < 0.05).

Results: No defect completely regenerated with bone. The platelet-rich plasma

group had a statistically greater amount of bone formation than group C at both

4 wk (17.68% vs. 7.20%, respectively) and 12 wk (24.69% vs. 11.65%, respect-

ively) postoperatively.

Conclusion: Within the limits of this study, it can be concluded that platelet-rich

plasma placed in the defects and covered by platelet-poor plasma significantly

enhanced bone healing in critical-size defects in rat calvaria.
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the growth factors present in platelet-

rich plasma, both platelet-derived

growth factor and transforming

growth factor-b have demonstrated

their potential to increase bone healing

in several in vitro and in vivo studies

(3–6).

Despite the promising results repor-

ted by Marx et al. (2), clinical studies

evaluating the addition of platelet-rich

plasma to diverse grafts and alloplastic

materials used for sinus lift (7,8),

localized ridge augmentation (9), bone

restoration of a severely atrophic

mandible (10) and treatment of perio-

dontal defects (11,12), have yielded

contradictory results regarding bone

formation and maturation.

Contradictory results have also been

reported in animal studies. The influ-

ence of platelet-rich plasma has been

evaluated on osseous healing of dental

implants (13), in sinus lift combined

with either bovine hydroxyapatite (14)

or autogenous bone grafts (15), in

mandibular defects associated with

autogenous bone grafts (16,17) and

in cranial defects combined with

autogenous bone (18), anorganic

bovine bone (19) or freeze-dried

bone (20).

However, as the grafts and bioma-

terials are usually osteoconductive,

they could potentially obscure the

genuine effect of platelet-rich plasma

(21). To date, only a few studies have

been conducted to evaluate the influ-

ence of platelet-rich plasma alone on

bone healing. The treatment of bony

defects with platelet-rich plasma alone,

in either femurs (22) or calvaria of

rabbits (20) or mandibles of dogs (23),

showed no improvement in bone for-

mation. Conversely, favorable results

were reported by Anitua (24), Sam-

martino et al. (25) and Simon et al.

(26) in bone healing of extraction

sockets treated with platelet-rich plas-

ma only. Therefore, there are still no

definitive conclusions about the bio-

logic effect of platelet-rich plasma

when it is used alone. It should be

noted that in the above-mentioned

studies, the lack of histometric analysis

of newly formed bone in test sites (24)

or in test and control sites (25), and the

use of noncritical-size defects

(20,24,25) are all potential factors that

make it difficult to draw definitive

conclusions.

The purpose of this study was to

analyze histologically the influence of

platelet-rich plasma on bone healing in

surgically created critical-size defects in

rat calvaria.

Material and methods

Experimental model

The experimental protocol was

approved by the São Paulo State Uni-

versity – UNESP, Dental School of

Araçatuba Institutional Animal Care

and Use Committee. Thirty-two, 5–6-

mo-old male rats (Rattus norvegicus,

albinus, Wistar) weighing 450–500 g

(São Paulo State University – UNESP,

Dental School of Araçatuba, Animal

Care Unit) were used. The rats were

kept in a room with a 12-h light/dark

cycle and a temperature between 22

and 24�C. They were randomly

assigned to one of two experimental

groups: group C (control) or the

platelet-rich plasma group.

Surgical procedure

The rats were anesthetized by an

intramuscular injection of xylazine

(6 mg/kg of body weight) and keta-

mine (70 mg/kg of body weight). After

aseptic preparation, a semilunar inci-

sion was made in the scalp in the

anterior region of the calvarium,

allowing reflection of a full-thickness

flap in a posterior direction. An 8-mm-

diameter critical-size defect was made

with a trephine used in a low-speed

handpiece under continuous sterile

saline irrigation. The defect included a

portion of the sagittal suture.

One L-shaped mark was made 2 mm

anterior and one 2 mm posterior to the

margins of the surgical defect using a

small tapered carbide fissure bur and a

surgical stent. The long axes of the

L-shaped marks were located on the

longitudinal axis bisecting the surgical

defect. The marks were filled with

amalgam (Fig. 1). Their purpose was

to allow identification of the center line

of the original defect during laboratory

processing and also to be used as ref-

erences to locate the original bone

margins of the surgical defect during

histometric analysis.

In group C, the surgical defect was

filled with a blood clot only. In the

platelet-rich plasma group, the surgical

defect was filled with 0.35 mL of

platelet-rich plasma and covered with

0.35 mL of platelet-poor plasma.

The soft tissues were then reposi-

tioned and sutured to achieve primary

closure (4-0 Silk; Ethicon, São Paulo,

SP, Brazil). Each animal received an

intramuscular injection of 24,000 IU of

penicillin G-benzathine (Pentabiótico*

Veterinário Pequeno Porte; Fort

Dodge� Saúde Animal Ltda., Camp-

inas, SP, Brazil) postsurgically.

Platelet-rich plasma preparation

A 3.15-mL volume of autologous blood

was drawn from each animal, via

cannulation of the jugular vein, into a

syringe containing 0.35 mL of 3.2%

sodium citrate to prevent coagulation.

The same volume of saline (3.15 mL)

was then injected through the jugular

vein to maintain the systemic blood

volume of the animal. The blood sam-

ple was centrifuged at 160 g for 20 min

at 22�C to separate the plasma con-

taining the platelets from the red cells

(Beckman J-6M Induction Drive Cen-

trifuge; Beckman Instruments Inc.,

Palo Alto, CA, USA). The plasma was

drawn off the top and centrifuged at

22�C for an additional 15 min at 400 g

to separate the platelets. The platelet-

poor plasma was then drawn off the

top, leaving the platelet-rich plasma

and buffy coat. Then, the buffy coat

and platelet-rich plasma (0.35 mL)

were resuspended, activated and used

within minutes. A 10% solution of

Fig. 1. Critical-size defect (8 mm diameter)

and the two reference marks created on the

calvarium.
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calcium chloride (Calcium Chloride

10% Solution; ScienceLab.com Inc.,

Houston, TX, USA) was used to acti-

vate both the platelet-rich plasma and

the platelet-poor plasma samples

(0.05 mL of calcium chloride for each

1 mL of platelet-rich plasma or plate-

let-poor plasma).

Platelet counts

Brecher liquid was used to lyse the

erythrocytes and to dilute the whole-

blood and platelet-rich plasma

samples. The platelets in the diluted

whole-blood and platelet-rich plasma

samples were then counted manually in

a Neubauer chamber. In addition,

platelet-rich plasma and whole-blood

smears were stained with Panótico

Rápido LB (LaborClin, Pinhais, PR,

Brazil) in order to reveal the mor-

phology of the platelets. The platelet

counts and the analysis of the platelet

morphology were performed by a

veterinary hematologist.

Tissue processing

Each group of animals was divided

into two subgroups for killing either 4

or 12 wk postoperatively. The area of

the original surgical defect and the

surrounding tissues were removed en

bloc. The blocks were fixed in 10%

neutral formalin, rinsed with water and

then decalcified in 18% EDTA solu-

tion. After an initial decalcification,

each specimen was divided longitudi-

nally into two blocks, exactly along the

center line of the original surgical

defect, using the long axis of both

L marks as references. Transverse cuts

were then made using the short axis of

each L mark as references. Each spe-

cimen then measured 12 mm in length

along the longitudinal axis running

through the center of the defect,

allowing for identification of the ori-

ginal surgical defect margins during

both histologic and histometric evalu-

ations (Fig. 2). After additional decal-

cification, they were processed and

embedded in paraffin. Serial sections,

6 lm thick, were cut in a longitudinal

direction starting at the center of the

original surgical defect. The sections

were stained with either hematoxylin

and eosin or Masson’s Trichrome for

analysis by light microscopy.

Histomorphometric analysis

Four histologic sections, representing

the center of the original surgical

defect, were selected for the histologic

and histometric analyses in order to

increase the reliability of the data used

in the statistical analysis. The histo-

logic and histometric analyses were

performed by an examiner blinded

with respect to the treatment rendered.

The images of the histologic sections

were captured by a digital camera

connected to a light microscope with

an original magnification of ·32. The
digital images were saved on a com-

puter. A composite digital image was

then created by combining three smal-

ler images because it was not possible

to capture the entire defect in one

image at the level of magnification that

was used. The composite image was

created based on anatomic reference

structures (e.g. blood vessels and bone

trabeculae) within each of the histo-

logic sections. The IMAGELAB 2000

software (Diracon Bio Informática

Ltda., Vargem Grande do Sul, SP,

Brazil) was used for the histomorpho-

metric analysis.

The following criteria, based in

part on the work of Melo et al. (27),

were used to standardize the histo-

morphometric analysis of the digital

images.

(a) The total area to be analyzed cor-

responded to the entire area of the

original surgical defect. This area

was determined by first identifying

the external and internal surfaces of

the original calvarium at the right

and left margins of the surgical de-

fect, and then connecting them with

lines drawn following their respect-

ive curvatures.Considering the total

length of the histologic specimen,

2 mm was measured from the right

and left edges of the specimen

towards the center in order to

determine the margins of the ori-

ginal surgical defect. The newly

formed bone area was delineated

within the confines of the total area.

(b) The total area was measured in mm2

and was considered to represent

100% of the area to be analyzed.

The newly formed bone area was

also measured in mm2 and calcula-

ted as a percentage of the total area.

Statistical analysis

The values of newly formed bone area

for each animal were represented by

the mean percentage of the four histo-

logic sections. These percentage data

were transformed into arccosine for the

statistical analysis. The significance of

differences between groups in relation

to the newly formed bone area was

determined by an analysis of variance,

followed by a post hoc Tukey’s test

when the analysis of variance suggested

Y
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Fig. 2. (A) Longitudinal cut along the center line (Y) of the critical-size defect. (B) Trans-

verse cuts (X). (C) Dimensions of the specimen to be embedded in paraffin.
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a significant difference between groups

(p < 0.05).

Pearson’s correlation coefficient (rp)

was used to demonstrate the relation-

ship between the newly formed bone

area and the platelet counts from the

platelet-rich plasma samples, as well as

between the platelet counts from the

platelet-rich plasma and whole-blood

samples.

Results

All animals tolerated the surgical pro-

cedures well and were healthy during

the entire experimental period.

Platelet count study

The platelets exhibited normal mor-

phology. Platelet counts confirmed

that the platelet-rich plasma prepar-

ation technique used in this study pro-

duced samples of highly concentrated

platelets. The platelet-rich plasma

smears showed higher concentrations

of platelets than the whole-blood

smears. The average whole-blood

platelet count was 676.06 ± 157.37 ·
103/lL, whereas the average platelet-

rich plasma platelet count was

2644.06 ± 1084.85 · 103/lL (Fig. 3).

The concentration of the platelets in

platelet-rich plasma was increased by

almost fourfold.

Qualitative histologic analysis

Group C — At 4 wk, almost all of the

surgical defect was occupied by con-

nective tissue with collagen fibers par-

allel to the wound surface and a

moderate number of fibroblasts. Newly

formed bone surrounded by a small

number of osteoblasts was restricted to

areas close to the borders of the sur-

gical defect (Fig. 4A). At 12 wk, most

specimens presented similar bone for-

mation when compared with the 4-wk

specimens (Fig. 4B), whereas a few

showed increased bone formation. The

connective tissue presented a moderate

number of fibroblasts and many colla-

gen fibers.

Platelet-rich plasma group — At 4 wk,

most specimens presented a greater

amount of newly formed bone close to

the borders of the surgical defect when

compared with the specimens of group

C (Fig. 4C). The newly formed bone

was surrounded by a small number of

osteoblasts. The connective tissue pre-

sented a moderate number of fibro-

blasts and numerous collagen fibers,

which were thicker and more organized

than the ones observed in the speci-

mens of group C. At 12 wk, all speci-

mens presented newly formed bone,

surrounded by a small number of

osteoblasts, extending towards the

center of the defect. In three specimens,

the newly formed bone extended al-

most the entire length of the surgical

defect. However, it was thinner than

that of the original calvarium

(Fig. 4D). The connective tissue

showed similar characteristics to those

observed in the 4-wk specimens.

Histometric and statistical analyses

The normality and homogeneity of

variance of the data were verified.

Means and standard deviations of the

area of newly formed bone for both

groups, as well as the comparison

between the groups, at postoperative

weeks 4 and 12, are documented in

Fig. 5. No statistically significant cor-

relation was observed between the

platelet count from the whole-blood

and platelet-rich plasma samples (rp ¼
0.36, p ¼ 0.167) or between the platelet
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Fig. 3. Mean number of platelets per microliter and standard deviations in the samples of

platelet-rich plasma and whole blood. PRP, platelet-rich plasma.

A
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D

Fig. 4. Panoramic views of the surgical defects. (A) Control group (group C), 4 wk; (B)

group C, 12 wk; (C) platelet-rich plasma group, 4 wk; (D) platelet-rich plasma group, 12 wk.

Hematoxylin and eosin staining; original magnification ·25.
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count from the platelet-rich plasma

samples and the newly formed bone

area (rp ¼ 0.21, p ¼ 0.441).

Discussion

Qualitative and/or quantitative altera-

tions of the platelets may affect the

regenerative potential of platelet-rich

plasma. Therefore, several fundamen-

tal aspects should be considered in the

platelet-rich plasma preparation. The

urgent need for studies using stan-

dardized protocols to evaluate the real

biological effects of platelet-rich plas-

ma has been emphasized by Grageda

(28) and Marx (29). Thus, the protocol

of the present study was designed to

optimize the quantity and quality of

the platelets in platelet-rich plasma

samples in a number of ways. With

regard to the quantity of platelets, the

double-centrifugation technique used

in this study, as recommended by Marx

(30), resulted in an average increase of

� 390% in the concentration of plate-

lets in the platelet-rich plasma when

compared with that observed in the

whole blood. According to Marx (29),

platelet-rich plasma with this concen-

tration of platelets could be considered

a �therapeutic platelet-rich plasma�.
Animal studies have demonstrated that

the use of �therapeutic platelet-rich

plasma� increased bone formation

(31,32). With regard to the quality of

platelets, several fundamental aspects

were considered, in the present study,

to guarantee their integrity in the

platelet-rich plasma samples, such as

the choice of anticoagulant and acti-

vator, the speed of the centrifugation

and the amount of time between acti-

vation of the platelet-rich plasma and

its clinical use (30,33,34). According to

Marx (29), platelets damaged or ren-

dered nonviable by platelet-rich plas-

ma processing will not secrete bioactive

growth factors and may result in dis-

appointing outcomes.

In the present study, the platelet-rich

plasma samples were covered by

platelet-poor plasma. The platelet-

poor plasma was used to confine the

platelet-rich plasma inside the limits of

the surgical defect because platelet-

poor plasma has a firmer consistency

than platelet-rich plasma. The presence

of fibronectin, fibrin and factor XIII in

platelet-poor plasma (35) may have

increased stability and healing of the

flap over the surgical defect. In addi-

tion, the platelet-poor plasma may

have also contributed to a greater

bioavailability of the growth factors

present in the platelet-rich plasma.

This inference is based on the results of

in vitro studies, which demonstrated

that the retention and temporal avail-

ability of growth factors in platelet-rich

plasma samples were affected by the

use of other biomaterials with platelet-

rich plasma (36,37).

The definition of �therapeutic plate-

let-rich plasma�, proposed by Marx

(29), was based only on the concen-

tration of platelets. However, other

aspects should also be taken into con-

sideration. Grageda (28) suggested a

standardized protocol for future stud-

ies evaluating the biological effects of

platelet-rich plasma. As part of this

protocol, Grageda (28) suggested

assessing the correlation between the

histormorphometric analysis and the

number of platelets in the platelet-rich

plasma. In the present study, no signi-

ficant correlation could be found

between the platelet count in the

platelet-rich plasma samples and in

the newly formed bone area. As the

regenerative potency of platelet-rich

plasma undoubtedly depends on its

growth factor levels, it could be in-

ferred that this result supports the

findings of Weibrich et al. (38), who

demonstrated that neither whole-blood

nor platelet-rich plasma platelet counts

are reliably predictive of the resultant

growth factor levels in platelet-rich

plasma. These findings are also corro-

borated by recent studies that observed

differences in growth factors levels in

platelet-rich plasma samples with the

same concentration of platelets (39,40).

According to Weibrich et al. (38),

knowledge of the growth factor levels

in platelet-rich plasma samples is

necessary to ensure reliable and

reproducible use of platelet-rich plas-

ma for clinical treatment. Unfortu-

nately, there is no simple procedure

available for obtaining pre-operative

estimates of individual growth factor

levels in platelet-rich plasma samples.

Therefore, further studies on this topic

are needed.

Another important factor in evalu-

ating the biological effect of platelet-

rich plasma is to use only autologous

platelet-rich plasma. According to

Marx (29), there have been some

studies evaluating platelet-rich plasma

in animal models with blood volumes

that were too small to produce platelet-

rich plasma, and thus donor blood had

to be used. Marx (29) does not consi-

der this to be true platelet-rich plasma

because it is homologous, rather then

autologous, platelet-rich plasma. The

biological responses may have been

influenced by immune reactions lead-

ing to false-negative results. In the

present study, a technique was devel-

oped to allow the production of

autologous platelet-rich plasma, bear-

ing in mind that rats have a very small

blood volume.
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Fig. 5. Means of the newly formed bone area (expressed as a percentage of the total defect

area) and standard deviations for the control group (group C) and the platelet-rich plasma

group, 4 and 12 wk postoperatively. PRP, platelet-rich plasma. *Statistical difference

between the groups (p < 0.05).
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Besides all of the previously men-

tioned factors related to the platelet-

rich plasma sample itself, the use of a

critical-size defect is necessary to

evaluate the real influence of any bio-

material on bone healing. In the present

study, a critical-size defect was used, as

confirmed by the limited bone forma-

tion observed in group C (Fig. 5).

In summary, this study evaluated

the use of autologous platelet-rich

plasma on bone healing in critical-size

defects, with great care having been

taken to guarantee the quantity and

quality of the platelets. Therefore, the

significant increase in bone formation

observed in the platelet-rich plasma

group when compared with group C at

both time-points of analyses (Fig. 5)

was a result of the inherent biological

properties of the platelet-rich plasma.

This increase in bone formation was

possibly caused by the interaction of

bone-forming cells in the dura mater of

the surgical defects with an increased

concentration of growth factors in the

platelet-rich plasma (29,30). Because

the dura mater is the main source of

bone-forming cells in the calvarium

(41), preservation of its integrity during

the creation of the surgical defects was

fundamentally important to the results

obtained in this study. Besides growth

factors, the platelet-rich plasma con-

tains fibrin, fibronectin and vitronec-

tin. These proteins act as cell-adhesion

molecules for osteconduction and as a

matrix for bone formation (29). Also,

the platelet membranes can stimulate

the mitogenic activity of bone cells,

thereby contributing to the regener-

ation of mineralized tissue (42).

In this study, it is reasonable to

speculate that platelet-rich plasma

may have acted as a biological mem-

brane in the treated defects. This

hypothesis was proposed by Lekovic

et al. (12) in a clinical study that

evaluated the treatment of intrabony

defects either with platelet-rich plas-

ma, bovine porous bone mineral and

guided tissue regeneration, or with

platelet-rich plasma and bovine por-

ous bone mineral only. As guided

tissue regeneration has not shown any

additional benefit to the result

obtained with platelet-rich plasma and

bovine porous mineral only, the

authors suggested that platelet-rich

plasma may have exerted a guided

tissue regeneration effect in the treated

defects, impeding the apical migration

of epithelial cells and connective tissue

cells from the flap.

The results of the present study

corroborate the findings of previous

studies that have also demonstrated

improved bone formation when plate-

let-rich plasma was used alone around

implants (13,43) or in third molar

extraction sockets (26). Conversely, no

additional benefit in bone healing was

observed by Yamada et al. (23) when

platelet-rich plasma was used alone in

mandibular defects when compared

with controls in a study conducted in

dogs. Variations in the platelet-rich

plasma concentration (44), as well as in

the level of growth factors available in

the platelet-rich plasma used, may be

some of the factors that could explain

these contradictory results.

Within the limits of this study, it can

be concluded that autologous platelet-

rich plasma placed in the defects and

covered by platelet-poor plasma signi-

ficantly enhanced bone healing in crit-

ical-size defects in rat calvaria.
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Use of autologous platelet-rich plasma

(PRP) in periodontal defect treatment

after extraction of impacted mandibular

third molars. J Oral Maxillofac Surg

2005;63:766–770.

26. Simon D, Manuel S, Geetha V, Naik BR.

Potential for osseous regeneration of

platelet-rich plasma – a comparative study

in mandibular third molar sockets. Indian

J Dent Res 2004;15:133–136.

27. Melo LG, Nagata MJ, Bosco AF, Ribeiro

LL, Leite CM. Bone healing in surgically

created defects treated with either bioac-

tive glass particles, a calcium sulfate bar-

rier, or a combination of both materials.

A histological and histometric study in rat

tibias. Clin Oral Implants Res 2005;

16:683–691.

28. Grageda E. Platelet-rich plasma and bone

graft materials: a review and a standard-

ized research protocol. Implant Dent

2004;13:301–309.

29. Marx RE. Platelet-rich plasma: evidence

to support its use. J Oral Maxillofac Surg

2004;62:489–496.

30. Marx RE. Platelet-rich plasma (PRP):

what is PRP and what is not PRP? Implant

Dent 2001;10:225–228.

31. Kim SG, Kim WK, Park JC, Kim HJ.

A comparative study of osseointegration

of Avana implants in a demineralized

freeze-dried bone alone or with platelet-

rich plasma. J Oral Maxillofac Surg

2002;60:1018–1025.

32. Weibrich G, Hansen T, Kleis W, Buch R,

Hitzler WE. Effect of platelet concentra-

tion in platelet-rich plasma on peri-

implant bone regeneration. Bone 2004;

34:665–671.

33. Efeoglu C, Akcay YD, Erturk S. A

modified method for preparing plat-

eletrich plasma: an experimental study.

J Oral Maxillofac Surg 2004;62:1403–

1407.

34. Dugrillon A, Eichler H, Kern S, Kluter H.

Autologous concentrated platelet-rich

plasma (cPRP) for local application in

bone regeneration. Int J Oral Maxillofac

Surg 2002;31:615–619.

35. Tayapongsak P, O’Brien DA, Monteiro

CB, Arceo-Diaz LY. Autologous fibrin

adhesive in mandibular reconstruction

with particulate cancellous bone and

marrow. J Oral Maxillofac Surg

1994;52:161–165.

36. Tsay RC, Vo J, Burke A, Eisig SB, Lu

HH, Landesberg R. Differential growth

factor retention by platelet-rich plasma

composites. J Oral Maxillofac Surg

2005;63:521–528.

37. Landesberg R, Burk A, Pinsky D et al.

Activation of platelet-rich plasma using

thrombin receptor agonist peptide. J Oral

Maxillofac Surg 2005;63:529–535.

38. Weibrich G, Kleis WK, Hafner G, Hitzler

WE. Growth factor levels in platelet-rich

plasma and correlations with donor age,

sex, and platelet count. J Craniomaxillofac

Surg 2002;30:97–102.

39. Martineau I, Lacoste E, Gagnon G.

Effects of calcium and thrombin on

growth factor release from platelet con-

centrates: kinetics and regulation of

endothelial cell proliferation. Biomaterials

2004;25:4489–4502.
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