
Healing of Fresh Frozen Bone Allograft with or
without Platelet-Rich Plasma: A Histologic and
Histometric Study in Ratscid_419 438..447

Michel Messora, DDS, PhD;* Laís Braga, DDS;* Gabriela Oliveira, DDS;* Luiz Fernando Oliveira, DDS;*

Roselaine Milagres, DDS, MS;* Leandro Kawata, DDS, PhD;* Flávia Furlaneto, DDS, PhD;†

Natália Pola, DDS, MS;‡ Natália Campos, DDS, MS;‡ Maria Nagata, DDS, PhD‡

ABSTRACT

Purpose: This study histomorphometrically analyzed the effect of autogenous platelet-rich plasma (PRP) on healing of fresh
frozen bone allograft (FFBA) in bony defects in rat calvaria.

Materials and Methods: A 5 mm–diameter defect was created in the calvarium of 30 rats. Animals were divided into three
groups: C (defect was filled by blood clot only), FFBA (defect was filled with 0.01 mL of FFBA), and FFBA/PRP (defect was
filled with 0.01 mL of FFBA combined with 100 mL of PRP). All animals were euthanized at 30 days postoperatively.
Histomorphometry and histology analyses were performed. Data were statistically analyzed (analysis of variance, Tukey,
p < .05).

Results: FFBA had a statistically smaller new bone area than groups FFBA/PRP and C. No statistically significant differences
were observed between groups FFBA and FFBA/PRP with regard to remaining bone graft particle area.

Conclusion: It can be concluded that (1) PRP improved the incorporation of FFBA, increasing the amount of new bone
formed; (2) PRP has not influenced the resorption of nonviable particles of the FFBA; and (3) presence of remaining FFBA
particles might have accounted for the smaller amount of new bone observed in group FFBA when compared with control
group.
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INTRODUCTION

Autogenous bone, with its osteogenic, osteoinductive,

and osteoconductive properties, has long been consid-

ered the ideal grafting material in bone reconstructive

surgery.1 However, drawbacks with autogenous bone

include morbidity, availability, and unpredictable graft

resorption.1,2 Therefore, bone regeneration by means of

tissue engineering has attracted increasing interest. The

concept of tissue engineering is based on three pillars:

scaffolds, cells, and growth factors (GFs).2

In a search for an adequate substitute for autog-

enous bone, cadaveric allograft has been a viable option.

These grafts provide a structural framework or scaffold

for host tissue to grow, hence making allograft osteocon-

ductive.3 Bone allografts (BAs) are probably incorpo-

rated into existing bone by a process similar to that of

autogenous bone grafts but proceed more slowly as a

result of the absence of living cells.4 Therefore, current

approaches are focused on the use of osteoinductive

agents to enhance the properties of BA.

In orthopedic and maxillofacial surgery, BAs

are frequently used in combination with platelet-rich

plasma (PRP) to improve bone regeneration.5 PRP con-

tains a number of GFs in its natural composition, which

can influence the chemotaxis, differentiation, prolifera-

tion, and synthetic activity of bone cells.2,6 However,

there are controversies with respect to the regenerative
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capacity of PRP and the real benefits of its use in bone

grafts.7,8

A randomized, single-blinded, controlled study was

conducted to compare bone formation after subantral

maxillary sinus augmentation with freeze-dried BA

(FDBA) plus PRP versus FDBA plus resorbable mem-

brane.9 The results of this study suggested that the

combination of FDBA and PRP enhances the rate of

formation of bone compared with FDBA and membrane.

Animal studies have also demonstrated an

improved bone healing when BAs were combined with

PRP in the treatment of critical-size defects (CSDs) in

femurs of rabbits10 and in bony defects around implants

in dogs.11 However, in other studies, the combination of

BA and PRP did not enhance bone healing when used in

maxillary sinus lift in goats,12 in defects created around

implants,13,14 in defects created in calvarium,15 in zygo-

matic arch16 or in alveolar ridge17 of dogs, and in non-

CSDs in rabbit calvaria.18

In summary, the role of PRP on healing of bone

grafts remains controversial.2 Specifically with allografts,

few scientific conclusions have been reached.18 Recent

literature reviews have concluded that there are insuffi-

cient data to recommend the clinical use of PRP,8,19

while others have indicated that well-designed con-

trolled studies are needed to provide evidence of PRP

efficacy in bone regenerative procedures.1,20,21 Whether

the extra cost and time spent on the PRP procedure are

justified remains a topic for further study.1

According to Marx,22 healing of BAs cannot be

improved by PRP as they do not contain viable cells.

Therefore, BA cannot respond to the GFs in the PRP

the same way as the autogenous bone grafts. However,

a recent study has shown that a type of BA, the fresh

frozen BA (FFBA), contains living cells capable of grow-

ing.23 Samples of FFBA presented capacity to give rise to

proliferating cells, using tissue culture methods in vitro.

It was observed that the DNA marker patterns of the

cultured bone cells and freshly obtained buccal cells

from the same donor were identical.23

The first case reports that presented the use of FFBA

in dentistry, with histological and histometric analyses,

were recently published by Stacchi et al.24 These authors

demonstrated a good incorporation of FFBA in maxil-

lary sinus in humans. In fact, prospective controlled

studies of FFBA in dentistry are still lacking.1 Studies

evaluating the combination of these grafts with PRP are

also scarce. Only two studies in animals were conducted

to evaluate the healing of FFBA combined with PRP in

the treatment of bony defects created around titanium

implants placed in humerus or in femoral condyles of

dogs.13,14 The findings of these studies demonstrated no

additional benefits in adding PRP to the FFBA. However,

the authors attributed these results mainly to the poten-

tial of spontaneous healing of the bony defects used and

to the biological variation among the animals regarding

the measurements of the parameters evaluated.

The purpose of this study was to histologically

analyze the effect of autogenous PRP on the healing of

FFBA placed in surgically created CSDs in rat calvaria.

MATERIALS AND METHODS

Experimental Model

The experimental protocol was approved by the Lavras

University Center – UNILAVRAS, Institutional Animal

Care and Use Committee. Experiments were carried

out in accordance with the guidelines laid down by the

National Institute of Health in the USA regarding the

care and use of animals for experimental procedures.

Thirty, 5- to 6-month-old male rats (Rattus norvegicus,

albinus, Wistar) weighing 450 to 500 g (UNILAVRAS,

Dental School of Lavras, Animal Care Unit, Lavras,

Brazil) were used. The rats were kept in a room with a

12-hour light/dark cycle and temperature between 22

and 24°C. They were randomly assigned to one of the

three experimental groups: group C (control), group

FFBA, and group FFBA/PRP (FFBA with PRP).

BA Preparation

Allografts were prepared by using cortico-cancellous

bone from rats euthanized at the end of other experi-

mental protocol not involving the skeletal tissue or

the surgical use of the explanted bone. Femurs were

harvested immediately after euthanasia of the animals

under rigorous aseptic conditions and shipped on dry

ice to the Musculoskeletal Tissue Bank of the Marília

University (Unioss, Marília, SP, Brazil). Final cleaning

and processing of the femurs were performed following

the guidelines set by the American Association of Tissue

Banks. The bone was cut and shaped using precision

tools. Cells, blood, and adipose tissues were removed

using saline solution. The blocks were packed in a triple

polyethylene bag and frozen at -80°C. All procedures

were done under strictly aseptic conditions and bacterial

cultures were taken at all stages of processing.
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At the time of use, the bags containing FFBA were

opened in a sterile environment. The bone was rehy-

drated in saline solution and ground with a bone mill

(Quentin Bone Mill, Quentin Dental Products, Leimen,

BW, Germany) to a uniform particle size.

PRP Preparation

Before the surgical creation of the CSD, 3.15 mL of

autologous blood was drawn from each animal of group

FFBA/PRP, via cardiac puncture, into a syringe contain-

ing 0.35 mL of 3.2% sodium citrate to prevent coagula-

tion. The blood sample was centrifuged at 160 G for 20

minutes to separate the plasma containing the platelets

from the red cells (Sigma Laborzentrifugen GmbH,

Osterode am Harz, Germany). The plasma was drawn

off the top and centrifuged for an additional 15 minutes

at 400 G to separate the platelets. The platelet-poor

plasma was drawn off the top leaving the PRP and

buffy coat. Then, the buffy coat and PRP (0.35 mL) were

resuspended, activated, and used within minutes. A 10%

solution of calcium chloride (calcium chloride 10%

solution, ScienceLab.com Inc., Houston, TX, USA) was

used to activate the PRP samples (0.05 mL of calcium

chloride for each 1 mL of PRP). The platelets in

the whole blood and PRP samples were counted

automatically.

Surgical Procedure

Animals were anesthetized by intramuscular injection

of xylazine (6 mg/kg body weight) and ketamine

(70 mg/kg body weight). After aseptic preparation, a

semilunar incision was made in the scalp in the anterior

region of the calvarium allowing reflection of a full-

thickness flap in a posterior direction. A 5 mm in diam-

eter CSD was made with a trephine used in a low-speed

hand piece 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 (Figure 1).25,26

Their purpose was to allow identification of the center-

line of the original defect during laboratory processing

and also to be used as references to locate the original

bone margins of the surgical defect during histometric

analysis.

In group C, the surgical defect was naturally filled

with blood only. In group FFBA, the surgical defect was

filled with approximately 0.01 mL of particulate FFBA.

In group FFBA/PRP, the surgical defect was filled with

approximately 0.01 mL of particulate FFBA combined

with 100 mL of PRP. The amount of bone graft was

enough to fill the defects up to the level of their original

bone margins.

The soft tissues were then repositioned and sutured

to achieve primary closure (4–0 Silk, Ethicon, São Paulo,

SP, Brazil). Each animal received an intramuscular injec-

tion of 24,000 IU penicillin G-benzathine (Pentabiótico*

Veterinário Pequeno Porte, Fort Dodge®, Saúde Animal

Ltda., Campinas, SP, Brazil) postsurgically.

Tissue Processing

All animals were euthanized at 30 days postoperatively.

The area of the original surgical defect and the sur-

rounding tissues were removed en bloc. The blocks were

fixed in 10% neutral formalin, rinsed with water, and

then decalcified in 18% ethylediaminetetraacetic acid

solution. After an initial decalcification, each specimen

was divided longitudinally into two blocks exactly along

the centerline 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 specimen then measured 9 mm in

length along the longitudinal axis running through the

center of the defect, allowing for identification of the

original surgical defect margins during both histologic

and histometric evaluations (Figure 2). After additional

decalcification, they were processed and embedded

in paraffin. Serial sections, 6 mm thick, were cut in a

Figure 1 Critical-size defect (5 mm diameter) and the two
reference marks created on the calvarium.
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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

Two histologic sections, representing the center of the

original surgical defect, were selected for the histologic

and histometric analyses in order to increase the reliabil-

ity of the data used in the statistical analysis. The

histologic 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 micro-

scope with an original magnification of ¥1.6. The digital

images were saved on a computer. The “ImageLab

2000” software (Diracon Bio Informática Ltda., Vargem

Grande do Sul, SP, Brazil) was used for the histomorpho-

metric analysis. Intra-examiner errors of identification

and measurements were calculated by repeating the

measurements on a randomly selected 10% sample of all

images, 48 hours after the initial measurements were

taken. Calibration was accepted if measurements at base-

line and at 48 hours later were similar at the >90% level.

The following criteria, based in part on the work of

Messora and colleagues,25,26 were used to standardize the

histomorphometric analysis of the digital images:

1. The total area (TA) to be analyzed corresponded 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 defect, and

then connecting them with lines drawn following

their respective curvatures. Considering the total

length of the histologic specimen, 2 mm was mea-

sured from the right and left edges of the specimen

toward the center in order to determine the margins

of the original surgical defect. The new bone area

(NBA) and the remaining bone graft particle area

(RPA) were delineated within the confines of the TA.

2. The TA was measured in square millimeter and was

considered 100% of the area to be analyzed. The

NBA and RPA were also measured in square milli-

meter and calculated as a percentage of TA.

Statistical Analysis

The values of NBA and RPA for each animal were rep-

resented by the mean percentage of the two histologic

sections. These percentage data were transformed into

arccosine for the statistical analysis. The significance of

differences between groups in relation to NBA and RPA

was determined by an analysis of variance, followed by a

post hoc Tukey’s test when the analysis of variance sug-

gested a significant difference between groups. The a

Figure 2 A, Longitudinal cut along the centerline (Y) of critical-size defect; B, transverse cuts (X); and C, dimensions of specimen to
be embedded in paraffin.
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error was set at 0.05. The power of the study, given

15% as a significant difference between the groups, was

calculated to be 0.80.

Pearson’s correlation coefficient (rp) was used to

demonstrate the relationship between the NBA and the

platelet counts from the PRP samples.

RESULTS

All animals tolerated the surgical procedures well and

were healthy during the entire experimental period.

Platelet Count Study

The platelets exhibited normal morphology. Platelet

counts confirmed that the PRP preparation technique

used in this study produced samples of highly con-

centrated platelets. The PRP smears showed higher

concentrations of platelets than the whole blood smears.

The average whole blood platelet count was 465.90 1

47.83 ¥ 103 platelets/mL, while the average PRP platelet

count was 2,628.80 1 603.07 ¥ 103 platelets/mL. The

concentration of the platelets in PRP was increased by

5.7-fold.

Qualitative Histologic Analysis

Group C (Control). Almost all the surgical defect was

occupied by connective tissue with collagen fibers

parallel to the wound surface and a moderate number

of fibroblasts. Newly formed bone was restricted to areas

close to the original borders of the surgical defect

(Figure 3A).

Group FFBA (Particulate FFBA). Almost all the defect

region was occupied with remnants of bone graft

particles (Figure 3B). Most bone graft particles showed

empty osteocyte lacunae and did not demonstrate any

new bone formation (Figure 4). Some FFBA particles

were surrounded by new bone when they were located

next to the borders of the defect. In general, the connec-

tive tissue presented a small number of fibroblasts. A

small number of lymphocytes, macrophages, and osteo-

clasts were observed in a few specimens.

Group FFBA/PRP (Particulate FFBA Combined with

PRP). An almost complete closure of the surgical defect

with newly formed bone at the intracranial layer

was seen in two specimens. Remnants of bone graft

were observed throughout the defect in all specimens

(Figure 3C). Most bone graft particles were surrounded

by newly formed bone (Figure 5A). Different from

groups FFBA and C, the newly formed bone was

surrounded by highly active osteoblasts (Figure 5B).

The connective tissue presented a moderate number of

fibroblasts and numerous collagen fibers, which were

Figure 3 Panoramic views of the surgical defects. A, group C; B, group FFBA; and C, group FFBA/PRP. Hematoxylin and eosin
stained; original magnification ¥25. FFBA = fresh frozen bone allograft; PRP = platelet-rich plasma.
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more organized than group FFBA. Areas of provisional

connective tissue and osteoid matrix were also seen. A

small number of lymphocytes, macrophages, and osteo-

clasts were observed in a few specimens.

Histometric and Statistical Analyses

The data normality and homogeneity of variances were

verified. Means and standard deviations of NBA and

RPA for groups C, FFBA, and FFBA/PRP, as well as the

comparison between the groups, are documented in

Table 1.

No statistically significant correlation was observed

between the platelet count from the PRP samples and

the NBA (rp = 0.245, p = .3116).

DISCUSSION

Bone grafting has increased dramatically in recent

years, and in clinical practice bone is the second most

transplanted tissue after blood transfusion.27 Different

animal models have been developed to study bone graft

incorporation,28–30 and different conclusions have been

drawn from these studies. Bone graft incorporation is a

complicated process with multiple variables influencing

rate, pattern, and completeness. A deep frozen necrotic

allograft lacks osteogenetic and osteoinductive proper-

ties and only serves as a scaffold for bone ingrowths. The

incorporation of an allograft, then, will only take place

from the host bone site, and the initial healing processes

will be slower than for a fresh autograft.27 The findings

of some studies suggest that the process of bone graft

incorporation may be manipulated by, for example, the

addition or removal of cells (and, indirectly, of cytok-

ines).31 This observation raises the possibility of enhanc-

ing the incorporation of FFBA.

In the present study, group FFBA presented NBA

significantly lower than group C. This finding may be in

part attributed to the degree of histocompatibility of the

graft. Immunological responses have been observed

after implantation of BAs,32–34 and this slows down the

incorporation of the graft.35 Virolainen and colleagues36

suggest that a major antigen mismatch between donor

and recipient affects the temporal gene expression of

extracellular bone matrix and delays new bone forma-

tion at the graft-host interface of cortical BAs.

When FFBA was associated to PRP, a significantly

greater amount of new bone was observed compared

with the isolated use of FFBA. Therefore, PRP improved

the incorporation of FFBA. The use of PRP is based on

Figure 5 A, Remnants of bone graft (BG) particles surrounded
by newly formed woven bone (WB). B, Newly formed WB
surrounded by highly active osteoblasts (arrows). Group FFBA/
PRP. Hematoxylin and eosin stained; original magnification
¥250. FFBA/PRP = fresh frozen bone allograft with platelet-rich
plasma.

Figure 4 Remnants of bone graft (BG) particles showing empty
osteocyte lacunae and surrounded by connective tissue. Group
FFBA. Hematoxylin and eosin stained; original magnification
¥250. FFBA = fresh frozen bone allograft.
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the premise that platelets constitute a reservoir of critical

GFs, such as platelet derived GF, transforming GF-b,

insulin-like GF-I, and vascular endothelial GF, which,

once released, may positively regulate the wound healing

process.22,37,38 Some studies have demonstrated that PRP

may increase the proliferation of endothelial cells,39 pre-

osteoblasts,40 and osteoblasts41,42 in the surgical site. It

could be speculated that these PRP effects might have

contributed to the greater NBA in group FFBA/PRP

when compared with group FFBA. PRP also has

adhesive properties due to the presence of fibrin and

fibronectin, which may have improved the handling of

the particulate FFBA and facilitated its placement and

stability. The stability of the graft is one of the important

factors for their successful incorporation.1

No significant differences were observed between

groups C and FFBA/PRP in relation to NBA. One fact

that could help explain this finding is the period of

observation selected, which may not reflect the final

reparative response. While in group C the reparative

process was basically concluded, tissue healing was still

in intense activity in group FFBA/PRP. In the latest,

highly active cuboid osteoblasts depositing bone matrix

were observed lining the borders of the newly formed

bone. There was also a greater amount of osteoblasts and

osteoid matrix in process of organization than group C.

The role of PRP on healing of BA remains contro-

versial. Several studies9–11 have shown positive effects

while others12–14,18 have not. These controversies may be

discussed with regard to the variations in the protocols

for PRP preparation. An important parameter for the

performance of PRP is the method of its preparation, as

this can significantly influence the concentrations of

platelets and GFs, and consequently their osteogenic

capacity.2 The selection of an appropriate PRP prepara-

tion protocol is fundamental to evaluate the actual

biological effects of PRP. Thus, our protocol was

designed to optimize the quality of the platelets in PRP

samples in a number of ways. Several aspects were con-

sidered to guarantee their integrity in the PRP samples,

such as the choice of the anticoagulant, the speed of the

centrifugation, the activator used to initiate PRP clot

formation, and the amount of time between activation

of the PRP and its clinical use.22,26,43,44 According to

Marx,37 platelets damaged or rendered nonviable by PRP

processing will not secrete bioactive GFs and may result

in disappointing outcomes.

An interesting finding of the present study is that

PRPs have not contributed to a faster resorption of

FFBA particles. No significant differences regarding RPA

were observed between groups FFBA and FFBA/PRP,

which indicates that PRP may have not stimulated the

production of osteoclasts. In fact, conflicting results

have been reported as regard to the effect of PRP on

osteoclastogenesis. According to Maitz and colleagues,45

supernatants of activated platelets induced an increase

in osteoclast differentiation of murine bone marrow

cells in vitro. However, Ogino and colleagues46 have

recently demonstrated that PRP inhibited the formation

of tartrate-resistant acid phosphatase positive multi-

nucleated cells from rat bone marrow. According to

Cenni and colleagues,47 this effect of the PRP seems to

be related to its concentration in the environment. In a

previous study performed by our group,48 the volume of

PRP used has directly influenced RPA values in osseous

defects created in rat calvaria and treated with autog-

enous bone grafts associated or not with 50, 100, and

150 mL of PRP. In this study,48 no significant differences

regarding RPA were found between osseous defects

treated with autogenous bone grafts only or with autog-

enous bone grafts combined with 50 and 100 mL of PRP.

However, when 150 mL of PRP was combined with

TABLE 1 Mean Percentage (%) of New Bone Area (NBA) and Remaining
Bone Graft Particle Area (RPA) within the Surgically Created Defects with
Comparison between the Groups; Mean (SD)

Parameter Group C Group FFBA Group FFBA/PRP

NBA 11.78 (2.22) 5.51 (4.33)* 11.76 (4.97)

RPA – 51.48 (13.17) 48.94 (10.48)

N 10 10 10

Between-group comparisons: *Compared with groups C and FFBA/PRP (p < .05).
C = control; FFBA = fresh frozen bone allograft; PRP = platelet-rich plasma; SD = standard deviation;
N = sample size.
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autogenous bone grafts, RPA was significantly greater

when compared with the other groups, indicating a pos-

sible inhibitory effect of PRP on osteoclastogenesis.48

Grageda49 suggested a standardized protocol for

future studies evaluating the biological effects of PRP. As

part of this protocol, Grageda49 suggested assessing the

correlation between the histormorphometric analysis

and the number of platelets in the PRP. In the present

study, no significant correlation could be found between

the platelet count in the PRP samples and the NBA.

Because the regenerative potency of PRP undoubtedly

depends on its GF levels, it could be inferred that this

result supports the findings of Weibrich and colleagues50

who demonstrated that neither whole blood nor PRP

platelet counts are reliably predictive of the resultant

GF levels in PRP. These findings are also corroborated

by recent studies that have observed differences in GF

levels in samples with the same concentration of

platelets.39,51

Within its limitation, the present study has indi-

cated that (1) PRP improved the incorporation of FFBA,

increasing the amount of new bone formed; (2) PRP has

not influenced the resorption of nonviable particles of

the FFBA; and (3) presence of remaining FFBA particles

might have accounted for the smaller amount of new

bone observed in group FFBA when compared with

control group at 30 days postoperatively.
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