
Abstract. – Background and Objectives:
The aim of this study was to compare culture-ex-
panded, bone marrow-derived mesenchymal
stem cells (MSCs) and platelet-rich plasma (PRP)
loaded to biphasic calcium phosphate (BCP)
bone ceramic in the repair of rat calvarial bone.

Materials and Methods: Critical-size (7 mm
dia.) calvarial defects were prepared in the
frontal-parietal bones of 90 adult female
Sprague-Dawley rats. Rats were randomly divid-
ed into 5 groups, according to defect filling, as
follows: Group I (n=21), BCP; Group II (n=21),
BCP+PRP; Group III (n=21), BCP+MSC; Group IV
(n=21), BCP+PRP+MSC; Group V (n=6) (control),
no treatment. Animals were sacrificed at 2, 8 and
12 weeks postsurgery and bone regeneration
was evaluated both histologically and immuno-
histochemically.

Results: Statistically significant differences
were observed in bone osteoblastic activity in
calvarial defects among the groups (p <0.05).
PRP and MSC used in combination with BCP as
a defect filling resulted in greater osteoblastic
bone formation activity when compared to the
use of BCP alone.

Conclusions: The combination of mesenchy-
mal stem cells, platelet rich plasma and syn-
thetic bone substitute was found to be more ef-
fective in inducing new bone formation (osteo-
genesis) than the use of platelet rich plasma
combined with synthetic bone substitute and
the use of synthetic bone substitute alone.

Key Words:

Stem Cell, Oral and maxillofacial surgery, Bone
healing.

Introduction

Innovations in technology and biomaterial de-
velopment have led to many new methods of
treating bone defects. The structural and func-
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tional reconstruction of defects in the oral and
maxillofacial region caused by malformation, in-
fection, trauma and resection may represent the
most difficult problem in contemporary recon-
structive surgery1,2. Autogenous bone is consid-
ered the most effective bone graft material avail-
able for the use in the surgical augmentation of
the maxillofacial region3 because of its os-
teogenic potential, which has led it to be regard-
ed as the “gold standard”4-6. Nevertheless, many
patients are unwilling to accept the need for
surgery in the donor area in addition to the recep-
tor area7,8.

Breakthroughs in tissue engineering have made
it possible to culture and grow various tissues, in-
cluding cartilage and bone. Progenitor cell popula-
tions for growing engineered bone have been ob-
tained from different sources, including bone mar-
row and periosteum9. However, such as unreliable
graft incorporation, immune response and disease
transmission have led to efforts to identify substi-
tutes for natural tissue. Allo-plastic bone-graft ma-
terials include calcium phosphate, calcium carbon-
ate, bioglass, glass-ceramics and polymers. Of
these, calcium phosphates have received the most
attention and are widely relied on for their good
biocompatibility and osteointegrative properties.
Other degradable and permanent osteoconductive
bone substitutes include tricalcium-phosphate, hy-
droxyapatite-ceramics, biphasic calcium phos-
phate and natural bone mineral. Biphasic calcium
phosphate (BCP) has been widely used as a bone
substitute in orthopedic, cranio/maxillofacial and
oral surgery and has been shown to be safe, bio-
compatible and effective as a scaffold for the for-
mation of new bone.

The effects of platelet-rich plasma (PRP) on
bone regeneration has been studied extensively
since it was first introduced for maxillofacial re-
constructions by Marx et al in 199810. Platelets
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contain a number of growth factors including
platelet-derived growth factor (PDGF), transform-
ing growth factor-β (TGF-β) and insulin-like
growth factor-1 (IGF-1)11. PDGF secreted from
platelets plays an important role in initial wound
healing, and its subsequent secretion from
macrophages promotes continued wound healing
through the up-regulation of other growth factors
and cells, which ultimately promotes fibroblastic
and osteoblastic functioning12. However, PDGF
has also been suspected of antagonizing osteoin-
ductive proteins such as osteogenin and osteocon-
ductive surfaces such as hydroxyapatite13, making
its role in local bone formation controversial. The
multilineage potential of mesenchymal stem cells
(MSCs) and their presence in the marrow and oth-
er solid mesodermal tissues such as the perios-
teum, fat pad and synovium has been demonstrat-
ed in vitro for numerous species. However, the
physiological activities of MSCs and their in vivo
distribution are still only partially understood14-16.
Bone marrow-derived MSCs are capable of differ-
entiating into a variety of cells including os-
teoblasts, chondrocytes, adipocytes, tenocytes and
myoblasts17,18. The proliferative capacity of MSCs
makes it possible to isolate and culture large vol-
umes of MSCs from just a small volume of bone
marrow, and their ability to maintain their func-
tionality after culture expansion and cryopreserva-
tion18 has led them to be viewed as a readily avail-
able, abundant source of cells for tissue-engineer-
ing applications. This study aimed to compare the
effects of MSCs and PRPs on bone regeneration
rates when used in combination with a biphasic
calcium phosphate (BCP) ceramic bone substitute.

Materials and Methods

Bone Graft Materials
Straumanns BoneCeramic (particle size 500-

1000 mm) is a medical-grade, particulate form of
biphasic calcium phosphate consisting of 60%
hydroxyapatite (HA), and 40% beta-form of tri-
calcium phosphate (β-TCP). This fully synthetic
bone graft substitute has a wide spongiosa struc-
ture with a wide, interconnected pore system
(300-1500) and a crystalline size of 10-60 nm.
Graft material was moistened in sterile saline for
5 min before placement into the defect.

Animals
All animal procedures were approved by the

Committee for Animal Experiments of the Dicle
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University Medical Research Centre, Diyarbakır,
Turkey. Ninety, 7-week-old female Wistar rats
weighing approximately 425 g were used follow-
ing a protocol approved by the Animal Research
Committee of Dicle University in Diyarbakır,
Turkey. Animals were housed individually in
plastic cages in a controlled environment (21°C;
12:12 light cycle) and were given ad libitum ac-
cess to drinking water and a diet of standard lab-
oratory rat food pellets.

Isolation and culturing of rBM-MSCs
Wistar female rats (8-10 weeks old) were ob-

tained from the Experimental Animal Center of
Kocaeli University (Kocaeli, Turkey). Animal
housing and experiments were approved by the
local Animal Care Committee according to the
institutional guidelines and national animal wel-
fare. They were housed under standard condi-
tions for a week prior to use.

To establish the MSCs culture, the animals
were anesthetized with Ketalar (Pfizer, Istanbul,
Turkey) and sacrificed by cervical dislocation
method. Under sterile conditions, both femur
and tibiae from each rat were excised. Muscle
and the entire connective tissue were detached.
The ends of the bones were removed and a 21-G
needle, inserted into shaft of the bone marrow,
was extruded by flushing with Dulbecco’s modi-
fied eagle medium (DMEM)-Earle medium
(Life Technologies/GIBCO, Paisley, UK) con-
taining 15% fetal bovine serum (FBS; Life
Technologies), and 100 IU/ml penicilin-100
mg/ml streptomycin that was also used as the
growth medium. The bone marrow was diluted
to 1:3 with phosphate buffered saline (PBS) and
layered over a Histopaque-1077 (1.077 g/ml,
Sigma-Aldrich, St. Louis, MO, USA) for gradi-
ent centrifugation. The low density mononuclear
cells were collected, washed twice with PBS,
counted, and plated in tissue culture flasks at a
density of 1.4 × 105 cells/cm2 in DMEM-Earle
medium containing 15% FBS, 100 IU/ml peni-
cillin, and 100 mg/ml streptomycin. The cells
were incubated at 37ºC in a humid atmosphere
containing 5% CO2 for 3 days. On the third day,
red blood cells and other non-adherent cells
were removed and fresh medium was added to
allow further growth. The adherent cells were
grown to 70% confluence and passaged at this
stage not to impede their proliferative capacity.
Further passaging of the cells was performed by
seeding 3.0 × 103 cells/cm2.



Figure 1. 7 mm calvarial bone defect.

Phenotype Identification of rBM-MSCs

Flow Cytometry
To confirm that rat bone marrow (rBM)-MSCs

maintain their phenotypic characteristics after
growth in culture, undifferentiated MSCs were
subjected to flow cytometry analysis. Flow cy-
tometry was performed on FACS Calibur Instru-
ment (BD Biosciences, San Jose, CA, USA) and
the data were analyzed with the Cell Quest soft-
ware Immunophenotyping of rBM-MSCs was
performed with antibodies against rat antigens
CD29 (Integrin β1 chain; Ha2/5; FITC), CD45,
and CD90 (Thy-1/Thy-1.1-FITC), as well as
their isotype controls (IgG2a K; FITC) (BD Bio-
sciences, San Diego, CA, USA).

PRP Preparation
PRP was obtained from 10 Wistar rat whose

platelet and white blood cell counts were as-
sessed prior to and during preparation. Animals
were anesthetized with ketamine (Ketavett, Ra-
tiopharm, Ulm, Germany, 5 mg/kg body weight)
and xylazin (Alfasan, Woerden, The Nether-
lands). Total peripheral blood was obtained via
intracardiac puncture using a 5 mL 27-G syringe
containing acid citrate dextrose (ACD). Blood
was centrifuged at 160 g for 20 minutes to sepa-
rate plasma and red blood cells. The plasma was
then drawn off the top and centrifuged at 400 g
for an additional 15 minutes to separate the
platelet-poor plasma from the PRP and the buffy
coat. Approximately 0.5 mL of buffy coat/PRP
were then resuspended and added to the grafting
material. Platelet counts, including peripheral
blood and PRP counts, were performed for each
sample.

Surgical Procedures
Animals were anesthetized with an intramus-

cular injection of ketamine hydrochloride (Ke-
tavett, 5 mg/kg body weight) and routine infil-
tration anesthesia at the surgical site. A midline
incision was made from the nasofrontal area to
the external occipital protuberance along the
midsagittal suture. The skin and underlying tis-
sues including the temporal muscle were reflect-
ed bilaterally to expose the full extent of the cal-
varia. A calvarial through-and-through osteoto-
my 7.0 mm in diameter was trephined into the
dorsal portion of the parietal bone on each side
of the midsagittal suture using a dental hand-
piece and a trephine bur (Messeinger, Dussel-
dorf, Germany) under constant irrigation with

sterile saline and the trephined bone was re-
moved from the surgical field (Figure 1A, B).

Animals were randomly allocated into 1 of 5
groups, and the defects were filled, as follows:

Group I (n=21): Defects were filled with BCP
(Bone Ceramic®) graft material.

Group II (n=21): Defects were filled with a
combination of BCP and PRP.

Group III (n=21): Defects were filled with a
combination of BCP and MSC.

Group IV (n=21): Defects were filled with a
combination of BCP, MSC and PRP.

Group V (Control Group, n=6): Defects were
left empty.

Periosteum and skin were sutured in 2 layers
using resorbable suture (Vicryl 3.0; Ethicon
GmbH & Co. KG, Norderstedt, Germany). Upon
completion of the surgical procedure, each ani-
mal received a single intramuscular injection of
antibiotic (ampicillin 100 mg/kg). Animals in
each group were randomly divided into 3 equal
subgroups and were sacrificed by CO2 inhalation
at 2, 8 and 12 weeks postsurgery.

Histological Examination
Calvarial specimens were fixed in 10% buffered

formalin for 5-7 days, decalcified in formic acid
and sodium citrate for 24 hours, washed with tap
water, dehydrated with ascending concentrations
of ethyl alcohol, cleared in xylene (Sigma-Aldrich)
and infiltrated with paraffin. Starting from the cen-
ter of each specimen, serial sections (7 µm) were
cut parallel to the midsagittal suture defect using a
microtome and stained with hematoxylin and
eosin. For each defect, the most central portion was
identified and subjected to histological analysis.
On average, 3 sections, representing approximately
80 µm of the central aspect of the osteotomy de-
fect, were evaluated per specimen. Sections were
viewed and analyzed for new bone formation,
residual bone substitute, residual clot elements,
soft-tissue elements and inflammatory reactions by
one calibrated examiner using a polarized light mi-
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croscope (Olympus, SZX 9, Tokyo, Japan). In ad-
dition, defect width and distance between the mar-
gins of the original bone defect were recorded for
the most central section of each specimen using a
microscope digital camera system (3077 CCD,
JVC, Tokyo, Japan) and a PC-based image analyz-
ing system (Image-Pro Plust, Media Cybernetic,
Silver Spring, MD, USA).

Immunohistochemistry
Sections with histologically observable bone

formation were subjected to immunohistochemi-
cal examination. Samples were cut to 5 µm and
dyed using antibodies for osteonectin (OCN)
(Novacastra Laboratories Ltd., Newcastle, Eng-
land) and osteopontin (OPN) (Novacastra Labo-
ratories Ltd.). Primary OCN and OPN antibodies
were added at concentrations of 1:500 and 1:100,
respectively. A secondary antibody (DAKO,
Glostrup, Denmark) was added to enable a col-
ored presentation. Each sample was counter-
stained with hematoxylin and eosin, paired with
a negative control, analyzed using an optical mi-
croscope and photographed.

Statistical Analysis
Statistical analysis was performed using SPSS

11.5 (SPSS Inc., Chicago, IL, USA). Analysis of
variance (Chi-Square) was used to identify dif-
ferences between treatment groups, with a level
of p < 0.05 considered to be statistically signifi-
cant (Table I, Figure 2).

Results

Cell Culture of rBM-MSC
MSCs attached to the culture flasks sparsely

and majority of the cells displayed a fibroblast-
like, spindle-shaped morphology during the ear-
ly days of incubation. These cells began to pro-
liferate after 3-4 days, and gradually grew to
form small colonies that were named as colony
forming units (CFU) (Figure 3A). By days 6-8,
the number of cellular colonies with different
sizes had increased. As growth continued,
colonies gradually expanded in size and the ad-
jacent ones interconnected with each other.
These primary cells reached monolayer conflu-
ence, after plating for 12-15 days in their first
passages. In later passages, most of these MSCs
exhibited large, flattened or fibroblast-like mor-
phology (Figure 3B-D).
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Flow Cytometry-Identification
of rBM-MSCs

The data indicated that rBM-MSCs expressed
CD29 and CD90, but not CD45 (Figure 3E).
rBM-MSCs maintained their phenotype through-
out passages. Therefore, there was no evidence
of hematopoietic precursors in the cultures. In
contrast, the expression of other surface antigens
agreed with the previous reports regarding
murine MSCs, and indicated that the cells used
in this study had the characteristics of MSCs re-
ported in other studies19-21.

Among the 90 animals examined, calvarial de-
fect sites varied within and between treatments
and ranged from limited bone formation to near-
ly complete defect closure. Histological exami-
nation at 2, 8 and 12 weeks showed implant ma-
terial within fibrous connective tissue in the main
portion of the calvarial defect filled with a scaf-
fold containing PRP and MSC. No adverse reac-
tion was observed. Newly formed osteocyte-con-
taining bone was observed mainly at the periph-
ery of the defect. A dense arrangement of os-
teoblast-like cells adjacent to the newly formed
bone suggestive of continuous bone formation
through the center of the defect, although less
bone-formation activity was evident at the cen-
ter. The newly formed bone consisted of lamellar
and trabecular bone, with no evidence of fatty
marrow or cartilage formation. Large amounts of
OPN and OCN were observed in and near the
newly formed cells, with immunoreaction consis-

tent throughout the defect (Figure 4). Together
with histological observation, these findings sug-
gest that bone formation and mineralization pro-
ceeds from the margin to the center of the defect.

Discussion

Bone regeneration has long been a subject of
interest among researchers. Many Authors have
examined the osteoinductivity of biological
grafts and bio-materials loaded with cells or os-
teogenic factors22-24, and while some successful
results have been reported, their effects on clini-
cal practice have been below expectations25. Bio-
compatibility of the scaffold is important, as an
appropriate ex-vivo matrix is required for cell
production. Because of consisting two layers of
cortical bone, mandible and cranium have physi-
ological similarities26.

Rat calvaria defects have been used to evalu-
ate the biological potential of various devices as
well as the osteoinductivity and/or osteoconduc-
tivity of biomaterials and biologics in promoting
bone regeneration27. However, there is no clear
consensus regarding critical size, which has been
defined as 8 mm, 6 mm, or sometimes even as
small as 4 mm28-31. In the present study, 7 mm
full-thickness bone defects were created in rat
cranial bone.

New bone has been shown to form in a cen-
tripedal manner around a center point32. The dura
and its interaction with the periosteum have also
been reported to play an important role in bone
generation33. In this study first periost was ele-
vated, then, cranial bone defect was performed,
and periosteum was sutured on the defect with-
out any integrity loss.

Biphasic calcium phosphate ceramics may be
obtained from a mixture of hydroxyapatite and
β-tricalcium phosphate. The micro-structure ma-
trix of BCP permits the establishment of a net-
work between cellular and vascular penetration
in which bone formation can easily occur among
the pores34. The biphasic calcium phosphate ce-
ramic graft material used in this study had a pore
size of 100-500 mM, which supports optimal cel-
lular penetration and vascularization.

PRP has been suggested to enhance wound
healing and increase the rate of bone healing fol-
lowing oral and maxillofacial surgery35. In a re-
port of their clinical trial, Camargo et al36 con-
cluded suggested two possible reasons for the
positive clinical results observed with PRP bone
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grafts: (1) the use of autologous fibrin gel may
improve adhesion of graft particles and reduce
the risk of scattering; and (2) PRP’s strong mito-
genic effect on the environment encourages
quicker soft-tissue wound healing, thus prevent-
ing infection of the defect area36. Platelet alpha
granules have been shown to contain potent
growth factors needed to initiate tissue repair
and regeneration at a wound site3,37. In this
study,statistically significance was found be-

tween PRP and Graft together used group and
other groups, so in PRP combined graft practices
it was seen that osteogenesis was influenced
positively.

Recently studies in tissue engineering about
stem cells and growth factors produces positive
results for also maxillofacial region38,39. MSCs
have been successfully engrafted within critical-
sized defects in athymic rat and canine long
bones. The implanted cells must be in contact

S. Agacayak, B. Gulsun, M.C. Ucan, E. Karaoz, Y. Nergiz

Figure 3. Cell culture and identification.



with the scaffold in order to secure tissue forma-
tion in vivo18,40. MSC sources include perios-
teum, synovial membrane, muscle, fat, vascular
pericytes, periodontal ligament, deciduous teeth
and dermis. Recently, Tuli et al41 demonstrated
that MSCs can also be isolated from explant cul-
tures of collagenase-treated trabecular bone
fragments. Inreasing of osteoinductive effect in
combination of Graft and PRP with mesenchy-
mal stem cells produced in this study, will pro-
vide positive results in bone reconstructions of
maxillofacial region.

Conclusions

This study compared the osteogenicity of syn-
thetic biphasic calcium phosphate, combined with
platelet rich plasma and mesenchymal stem cell
fillers in critical size (7 mm dia.) calvarial bone de-
fect sites in rats and found that these combinations
may have clinical applications in maxillofacial
surgery. The role of osteogenesis agents in bone
repair has become increasingly recognized in the
treatment of osteoporosis, chemotherapy patients,
in fracture repair and maxillofacial reconstruction.
However, the mechanisms of these anabolic effects
are poorly understood at the cellular level in vivo,
particularly in humans. Given the wealth of data on
cultured MSCs, it is likely that these intriguing
cells play a pivotal role in bone regeneration and
repair in vivo, but due to the lack of commonly
adopted phenotypic criteria for MSCs in vivo in
both human and animal models, this remains un-
proven. The ability to purify and study non-manip-
ulated MSCs in humans will have important impli-
cations in terms of understanding the mecha-
nism(s) of MSC-mediated bone repair of the max-
illofacial region.
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