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Evaluation of Platelet-Rich Plasma in Combination
with Anorganic Bovine Bone in the Rabbit Cranium: 

A Pilot Study
Tara L. Aghaloo, DDS, MD1/Peter K. Moy, DMD2/Earl G. Freymiller, DMD, MD3

Purpose: Platelet-rich plasma (PRP) is potentially useful as an adjunct to allograft and xenograft mate-
rials in oral and maxillofacial bone and implant reconstructive surgery. This study compares bone heal-
ing and formation in 4 cranial defects in rabbits grafted with autogenous bone, xenograft, and
xenograft with PRP (with a no-graft group as a control). Materials and Methods: Fifteen New Zealand
white rabbits were included in this randomized, blind, prospective pilot study. Four identical 8-mm-
diameter defects were created in each rabbit cranium and immediately grafted with the above materi-
als. Five rabbits were evaluated at 1 month, 5 at 2 months, and 5 at 4 months. Radiographs were
used to evaluate bone density. Results: Radiographically, sites at which Bio-Oss, autogenous bone,
and Bio-Oss + PRP were grafted showed a significant increase in bone density at 1 month (P = .05 for
Bio-Oss, P = .02 for autogenous bone, P = .008 for Bio-Oss + PRP) and at 4 months (P = .02 for Bio-Oss,
P = .04 for autogenous bone, P = .05 for Bio-Oss + PRP). Autogenous bone sites (P � .001) and Bio-Oss
+ PRP sites (P � .001) also showed significant increases at 2 months. Histomorphometrically, autoge-
nous bone sites showed a significantly greater increase than control sites (P = .08 at 1 month, P = .03
at 2 months, P = .01 at 4 months), Bio-Oss sites (P � .001 at all 3 evaluation points), or Bio-Oss + PRP
sites (P = .009 at 1 month, P = .02 at 2 months, P = .01 at 4 months). Furthermore, Bio-Oss + PRP sites
showed a significantly greater increase in bone area at 1, 2, and 4 months than Bio-Oss alone (P =
.003 at 1 month, P = .02 at 2 months, P = .006 at 4 months). Discussion: Radiographs showed signifi-
cantly greater bone density at the Bio-Oss, autogenous bone, and Bio-Oss + PRP sites than at control
sites at nearly every point in time evaluated; however, clinical significance is difficult to determine,
since all materials appeared dense on the radiograph. Histomorphometry showed that the increase in
bone area at autogenous sites was significantly greater than that seen with other grafting materials or
at the control sites. Conclusion: This study showed a histomorphometric increase in bone formation
with the addition of PRP to Bio-Oss in non–critical-sized defects in the rabbit cranium. INT J ORAL MAX-
ILLOFAC IMPLANTS 2004;19:59–65
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Alveolar bone resorption is a major problem in
oral and maxillofacial rehabilitation with dental

implants. Bone resorption around teeth results in
tooth loss and creates a compromised situation for
restoration with osseointegrated implants. Bone
grafting is a common surgical procedure performed

to regenerate resorbed alveolar bone. Autogenous
bone is considered the “gold standard” for grafting
oral bony defects.1,2 However, the required amount
of autogenous bone may not always be available,
and bone graft harvesting is not without complica-
tions and disadvantages, such as the need for a sec-
ondary surgical donor site, increased postoperative
morbidity, and increased surgical time. 

Surgeons are always searching for nonautoge-
nous materials to substitute for autogenous bone.
An ideal bone grafting material must be able to pro-
duce bone by means of viable transplanted
osteoblasts, by osteoinduction of mesenchymal
cells, or by osteoconduction along the cell surface.
It must maintain mature bone over time without
loss of function and provide a low risk for infection
and antigenicity. It must have the capability to
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incorporate into the host bone and be available in
unlimited quantities.3,4 Furthermore, its structure
must stabilize implants.

Numerous studies have shown the success of
anorganic bovine bone grafting materials, but the
parameters of success often differ.5–11 Clinicians are
constantly attempting to improve the results
obtained with anorganic bovine bone alone by
adding barrier membranes,12,13 fibrin glue,7,14,15

platelet concentrates,16 autogenous bone,17–19

osteogenic protein (BMP-7/OP-1),20 and other
nonautogenous grafting materials.21

Bio-Oss is natural bovine bone that is completely
deproteinized to prevent a potential immune
response.22,23 Electron microscopic evaluation shows
that this material has a structural configuration simi-
lar to human bone. Its compressive strength and
modulus of elasticity are also similar to the values for
human bone.15,24 It has been shown in numerous
studies to have osteoconductive properties; ie, it pro-
vides a scaffold on which bone may form.5,19,25–28

(Osteoconduction, which permits bone apposition
from existing bone, requires the presence of bone or
differentiated mesenchymal cells.29,30) There is no
evidence that Bio-Oss is osteoinductive, but it does
tend to enable bone healing.5,27 Nonintegrated
bovine material is resorbed by osteoclastic cells.5
Platelet-rich plasma (PRP) is potentially useful as an
adjunct to allograft and xenograft materials in oral
and maxillofacial bone and implant reconstructive
surgery. Kim and coworkers suggest that the addi-
tion of PRP to osteoconductive grafting materials
can potentiate osteoinduction.3

Platelets are very important in the wound healing
process. They quickly arrive at the wound site and
begin the coagulation process. They release multi-
ple wound healing growth factors and cytokines,
including platelet-derived growth factor (PDGF),
transforming growth factors �-1 and �-2 (TGF-�1
and TGF-�2), vascular endothelial growth factor
(VEGF), platelet-derived endothelial cell growth
factor, interleukin-1, basic fibroblast growth factor,
and platelet activating factor-4.31–35 These growth
factors are thought to contribute to bone regenera-
tion and increased vascularity, vital features of a
healing bone graft.

We do not know whether PRP can be used with
alloplasts, xenografts, or other nonautogenous mate-
rials without the addition of autogenous donor bone
to create a bone graft comparable to or superior to
autogenous bone. There are very few studies in ref-
ereed journals in which PRP was added to allograft
or alloplast bone.3,36–38 These articles describe the
PRP techniques used and reported the formation of
some osteoid material or bone. However, the results

are conflicting or equivocal.36,37,39,40 In many of
these studies, few cases were evaluated and no statis-
tical testing was performed to confirm the validity of
the results.36–40 Scientific conclusions cannot be
reached based on these limited studies.

Further scientific testing of PRP in combination
with xenograft materials such as anorganic bovine
bone is obviously necessary. The present study was
designed to test the effectiveness of PRP when
added to a xenograft.

MATERIALS AND METHODS

Animal Surgical Procedure
Fifteen New Zealand white male rabbits weighing
between 2.8 and 4 kg were included in this random-
ized, blind, prospective pilot study. The University
of California at Los Angeles (UCLA) Animal
Research Committee, in accordance with staff in the
UCLA Department of Laboratory and Animal
Medicine, approved all animal protocols. Each rab-
bit was anesthetized with ketamine hydrochloride
(10 mg/kg) and acepromazine (1 to 1.5 mg/kg) and
given enrofloxacin as a preoperative antibiotic
(Baytril, 5 mg/kg, Bayer, Shawnee Mission, KS). To
prepare the PRP, 10 mL of autologous blood was
drawn from each rabbit. The rabbits underwent
general anesthesia with 1% to 2% isoflurane with
standard monitoring. The fur was shaved over the
cranium and prepped and draped in a sterile fashion.
An incision was made to the bony cranium, and the
periosteum was reflected. Four 8-mm-diameter
defects were created with a trephine bur using copi-
ous irrigation. Three of the defects were randomly
grafted with autogenous bone alone (obtained by
particulating the trephinated bone), Bio-Oss mixed
with PRP, or Bio-Oss alone. As a control, the fourth
defect was not grafted. The wound was closed with
3-0 Dexon (Owens and Minor, Irvine, CA) and the
rabbits were recovered. They were given postopera-
tive narcotic pain medication and antibiotics. 

PRP Preparation
The 10 mL of autologous blood drawn from each
rabbit was combined with 1.1 mL of anticoagulant
citrate dextrose phosphate (ACD-A) to prevent coag-
ulation. The blood was spun in a centrifuge (Sorvall,
Kendro Laboratory Products, Newtown, CT) at
1,500 rpm (215 g) for 10 minutes to separate the
plasma containing the platelets from the red blood
cells. The plasma was drawn off the top of the test
tube, mixed with 0.4 mL of ACD-A, and centrifuged
for an additional 10 minutes at 3,000 rpm (863 g) to
separate the platelets. The platelet-poor plasma
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(PPP) was separated from the PRP and the buffy
coat. The buffy coat and the PRP, approximately 1 to
1.5 mL, were resuspended and added to the grafting
materials within minutes. Five thousand units of top-
ical bovine thrombin powder (King, St Louis, MO)
was reconstituted with 5 mL of 10% calcium chlo-
ride (American Regent, Shirley, NY). The ratio of
PRP to calcium chloride activator was 10:1. This
protocol is similar to that utilized in clinical practice
with some of the commercially available machines
and described in an article by Jones and coworkers.34

Platelet counts were performed on each sample,
including a peripheral blood count, a PPP count,
and a PRP count. A Unopette microcollection sys-
tem (Becton Dickinson, Franklin Lanes, NJ) was
used to lyse the leukocytes and erythrocytes, as well
as provide a standard dilution of 1:100 for platelet
counts. The platelets were hand counted with a
standard hemocytometer, and the total was calcu-
lated for each sample. 

Sample Evaluation
The rabbits were divided into 3 groups of 5. One
group was sacrificed at 1 month, one at 2 months,
and one at 4 months. Pentobarbital (100 mg/kg
intravenously) was used for this purpose. The entire
cranium was removed with a reciprocating saw
without encroaching upon the grafted areas. 

Radiographs were taken of the rabbit cranium in
its entirety before histologic sectioning was per-
formed (Fig 1). A calcium carbonate step-wedge was
used in each radiograph for comparison. Quantifi-
cation was performed with digital subtraction radi-
ography. Computer software (UCLA Image, Los
Angeles, CA) compared the pixels and grams per
square inch of all 4 sites for each rabbit.

Specimens were treated with hydrochloric acid
decalcifying solution (Fisher Scientific, Tustin, CA)
and sectioned by bisecting the 8-mm-diameter
defects. Specimens were then dehydrated with
graded alcohols and embedded in paraffin. They
were subsequently sectioned at 6 µm with a steel
knife. These 6-µm sections were prepared in the
usual fashion with hematoxylin and eosin staining.
Histologic evaluation was performed at 10�, 25�,
and 40� magnification. The 40� magnification was
used for histomorphometric analysis. The bone area
was calculated using ImagePro software (Media
Cybernetics, Silver Springs, MD). Evaluators were
blind to the grafting material and time period for
each sample. The data were analyzed by a Student t
test with a significance level at P ≤ .05. 

RESULTS

Platelet counts confirmed that the PRP preparation
technique used in this study produced a highly con-
centrated source of platelets (Fig 2). The average
peripheral blood platelet count was 118,000/mm3,
with a range of 100,000 to 135,000/mm3. The aver-
age platelet count in PPP was 22,330/mm3, with a
range of 15,000 to 30,000/mm3. The average
platelet count in PRP was 960,000/mm3, with a
range from 660,000 to 1,265,000/mm3.

Radiographic Evaluation
Figure 3 demonstrates the bone density as deter-
mined radiographically. Autogenous bone (P = .02 at
1 month, P = .001 at 2 months, P = .04 at 4 months)
and Bio-Oss + PRP (P = .08 at 1 month, P = .001 at 2
months, P = .05 at 4 months) showed a significant

10

8

6

4

2

0
Blood PPP PRPPl

at
el

et
 c

ou
nt

 (�
 1

0
5
)

Fig 1 (Left) Radiograph of a rabbit cranium harvested after 2
months of healing: (a) Bio-Oss, (b) control, (c) autogenous bone,
(d) Bio-Oss + PRP.

Fig 2 (Below) Average platelet counts in peripheral blood, PPP,
and PRP. Platelet counts confirmed that PRP preparation pro-
duced highly concentrated platelets. 
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increase in radiographic bone density when compared
to the control at all 3 time points. Bio-Oss alone was
significantly better than the control at 1 month (P =
.05) and 4 months (P = .02) but not at 2 months.
However, at no time was there a statistically signifi-
cant difference in radiographic density when Bio-Oss
alone was compared to Bio-Oss + PRP. All statistical
analyses were performed utilizing the mean and stan-
dard errors to determine significance. 

Histologic Evaluation
Figure 4 shows the histologic evaluation of all graft-
ing materials at 1 and 4 months at 10� magnifica-
tion. Fibrous tissue, which filled the defect gradu-
ally over the 4 months, was minimal at 1 month.
Bio-Oss sites showed Bio-Oss particles surrounded
by fibrous connective tissue, which underwent
remodeling at 1 month, with minimal bony
ingrowth by 4 months. Autogenous bone graft
material mixed with fibrous connective tissue was
seen at 1 month. The graft material underwent
remodeling and became significantly more dense by
4 months. Bio-Oss + PRP at 1 month showed
fibrous connective tissue with Bio-Oss particles sur-
rounded by bony ingrowth. This bone consolidated,
and few Bio-Oss particles were seen by 4 months.

Histomorphometric Evaluation
Figure 5 shows the histomorphometric percent bone
area as a function of time for each grafting material.
Autogenous bone graft showed a significantly greater
bone area when compared with each of the other
grafting materials at each time point. Only autoge-
nous bone graft showed a statistically significant
increase in bone area histomorphometrically com-
pared to all 3 other sites at all 3 evaluation points (for
control sites, P = .08, P = .03, P = .01, at 1, 2, and 4
months, respectively; for Bio-Oss, P � .001 at all 3

evaluation points; for Bio-Oss + PRP, P = .009, P =
.02, P = .01, at 1, 2, and 4 months, respectively). 

When Bio-Oss + PRP was evaluated histomor-
phometrically, there was a statistically significant
increase in bone area at 1, 2, and 4 months com-
pared to Bio-Oss alone (P = .003, P = .02, P = .006,
respectively). Bio-Oss alone actually showed a histo-
morphometric tendency toward decreased bone area
at 1, 2, and 4 months when compared to the control,
but this was not statistically significant (P � .05).

DISCUSSION

Oral and maxillofacial surgery researchers strive con-
tinuously to improve upon current bone-grafting
techniques and provide faster and denser bony regen-
eration. Growth factors are a realistic way to improve
and expedite both soft tissue and bony wound heal-
ing. Platelets contain angiogenic, mitogenic, and vas-
cular growth factors in their granules,41,42 such as
VEGF, a powerful angiogenic growth factor with an
important role in wound healing43; TGF-�1 and
TGF-�2, which have been shown to inhibit bone
resorption, osteoclast formation, and osteoclast activ-
ity, as well as trigger rapid maturation of collagen in
early wounds44,45; and PDGF, which increases the
population of wound-healing cells and recruits other
angiogenic growth factors to the wound site.45 It is
therefore a reasonable hypothesis that increasing the
concentration of platelets in a bone defect may lead
to improved and faster healing. However, little evi-
dence exists evaluating the ability of these growth fac-
tors to improve bone healing when added to osteo-
conductive materials.3,16

Quantitative platelet counts verified that PRP,
consisting of 660,000 to 1,265,000 platelets in 1 to
1.5 mL of concentrate,46 was used in this study. Digi-
tal subtraction radiography with step-wedge calibra-
tion showed a significant increase in bone density
when Bio-Oss, autogenous bone, and Bio-Oss + PRP
were grafted, compared to ungrafted controls, at
nearly every evaluation point. The clinical signifi-
cance of these data is difficult to determine because
any radiopaque bone grafting material will look more
dense on a radiograph. No significant difference
could be seen between the 3 grafting materials radio-
graphically. These results conflict with those of Kim
and associates, who showed significantly greater bone
density at 1 and 2 months when evaluating digitized
radiographs and computed tomography scans when
PRP was added to Bio-Oss in rabbit cranial defects.16

When histologic sections were evaluated with
histomorphometry, autogenous bone graft demon-
strated a statistically significant increase in bone
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Fig 3 Amount of bone fill, determined radiographically over the
4-month study period.
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area over the control, Bio-Oss alone, and Bio-Oss +
PRP at 1, 2, and 4 months. No other animal or
human studies that have compared Bio-Oss + PRP
to autogenous bone grafting are currently available.
Adding PRP to Bio-Oss resulted in a significant
increase in bone area at all time periods compared
with Bio-Oss alone. These data are not in agree-
ment with the results of Froum and associates.38 In
that study, human sinus-grafted core samples were
evaluated histomorphometrically after grafting with
Bio-Oss alone or Bio-Oss + PRP. The authors found
no histologic benefit by the addition of PRP. They
did not use radiographic comparison in their study.

Other preliminary reports have shown that
freeze-dried demineralized bone combined with

PRP forms numerous areas of osteoid and bone
without inflammatory infiltrate or soft tissue epithe-
lialization, with osseous trabeculae surrounding the
connective tissue.36,37 However, quantitative analysis
was not performed in these studies, and the grafted
sites were not standardized or randomized.

When the Bio-Oss alone sites were analyzed, a
histomorphometric tendency toward decreased
bone area was observed at 1, 2, and 4 months com-
pared to control, but this was not statistically signifi-
cant. As stated in the introduction, this product has
been shown in numerous other studies to have
osteoconductive properties, where it provides a scaf-
fold onto which bone may form.5,19,25–28

Fig 4 Histologic evaluation of all grafted materials at 1, 2,  and 4 months. Magnification 40�: (a) control, 1 month; (b) control, 2 months;
(c) control, 4 months; (d) Bio-Oss, 1 month; (e) Bio-Oss, 2 months; (f) Bio-Oss, 4 months; (g) autogenous bone, 1 month; (h) autogenous
bone, 2 months; (i) autogenous bone, 4 months; (j) Bio-Oss + PRP, 1 month; (k) Bio-Oss + PRP, 2 months; (l) Bio-Oss + PRP, 4 months.
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In this study, the addition of PRP to Bio-Oss in
the rabbit cranial defect model was shown to be
potentially beneficial. However, autogenous bone
alone still showed the greatest histomorphometric
bone area at all evaluation points. Furthermore, the
sample was small, consisting of only 15 rabbits.

Further studies are needed to evaluate the potential
benefits of PRP in combination with various autoge-
nous, allograft, and alloplast grafting materials. Four
critical-sized defects (critical size being 15 mm wide47)
cannot be created in the rabbit cranium because it is
too small. Therefore, this study was designed to evalu-
ated non–critical-sized cranial defects. However,
future studies need to evaluate the potential benefits
of PRP in healing critical-sized defects. 

CONCLUSION

This study evaluated grafting materials in rabbit cra-
nial defects, and showed significant histomorphome-
tric improvement at 1, 2, and 4 months with the
addition of PRP to Bio-Oss. However, when autoge-
nous bone was used in the same model, the results
were still superior to the ungrafted control, Bio-Oss
alone, and Bio-Oss + PRP at all evaluation points.
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