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Combination of Guided Osteogenesis With Autologous
Platelet-Rich Fibrin Glue and Mesenchymal Stem Cell for

Mandibular Reconstruction

Han-Tsung Liao, MD, Chien-Tzung Chen, MD, Chih-Hao Chen, MD, Jyh-Ping Chen, PhD,
and Jui-Che Tsai, PhD

Background: This study examined whether a combination of autologous
platelet-rich fibrin glue (PRFG) with mesenchymal stem cells (MSCs) and
MEDPOR as guided tissue regeneration (GTR) could act as an osteogenic
substitute and whether this treatment yields faster new bone formation than
MEDPOR alone or PRFG plus MSC.
Material: MSCs were harvested and isolated from the bone marrow of dog
ilium. Full-thickness bony defects (1.5 � 1.5 cm) were created in the
bilateral mandible angles of the dog. Treatments for bone defect in each
group were as follows: group I (n � 4), MEDPOR sheet as GTR and
autologous PRFG/MSCs admixtures; group II (n � 4), autologous PRFG/
MSCs admixtures; group III (n � 4), MEDPOR sheet as GTR; and group IV
(n � 4), control (empty defect). The percentage of new bone regeneration in
computerized tomography at 2 months and 4 months was calculated by
Analyze version 7.0 software. The mandibles were harvested from all
specimens at 4 months, and the grafted sites were evaluated by gross,
histologic, and X-ray examination.
Results: By radiographic analysis at 16 weeks posttransplantation, it was
shown that an average of 72.8% � 8.02% new bone formation in group I,
53.34% � 6.87% in group II, 26.58% � 6.41% in group III, and 15.14% �
2.37% in group IV. Histologic examination revealed that the defect was
repaired by typical bone tissue in groups I and II, whereas only minimal bone
formation with fibrous connection was observed in the groups III and IV
group. Besides, muscle incarceration was found in groups II and IV without
MEDPOR as GTR.
Conclusion: Autologous PRFG plus osteoinduced MSCs have good poten-
tial for bone regeneration. In combination with MEDPOR as GTR, bone

regeneration is enhanced by preventing soft tissue ingrowth hindering bone
regeneration.
Key Words: Guided tissue osteogenesis, Bone marrow mesenchymal stem
cell, Fibrin glue, Platelet rich plasma.

(J Trauma. 2011;70: 228–237)

Mandible bone defects are commonly encountered after
trauma or cancer ablation surgery. These defects have

traditionally been treated with autologous bone grafts to
restore function and esthetic appearance. However, harvest-
ing autogenous bone grafts is a traumatic procedure and is
associated with significant donor site morbidity,1,2 and vary-
ing degree of bone graft resorption is often associated with
inconsistent shape and volume over time.3,4 Allograft bone has
the same limitations as autologous bone. In addition, sourcing
and handling this material raise concerns of disease transmission
from donor to patient. Commercially available allopathic bone
implants such as hydroxyapatite5–7 or calcium phosphate8,9 can
only provide passive scaffolding for bone formation. These
materials promote bone healing by the process of osteoconduc-
tion.10,11 Nevertheless, incorporation of the specimen with host
bone is uncertain and unpredictable. Incomplete bone healing is
also observed after mandibular infection. Thus, surgical reentry
and bone grafting may be required.

Guided tissue regeneration (GTR) was another choice for
regeneration of bone defect. This technique was first described
by Nyman et al. and Karring and Warrer in the last 20 years. It
was initially used to restore lost alveolar bone before periodontal
treatment.12–14 Since that time, GTR has been widely used to
augment bone formation in the management of alveolar and
periodontal bony defects and in conjunction with dental im-
plants. The concept of GTR is thought to enhance osteogenesis
by creating a relatively isolated space and by preventing the
prolapse of surrounding soft tissue into the bony gap. By
maintaining the isolated space, it is thought to enhance recruit-
ment of local, regional, or systemically derived progenitor cells
and, thereby, promoting bone tissue ingrowth. However, the
effectiveness of GTR for large bone defect reconstruction has
not been demonstrated in large animal models.

Vacanti et al.15,16 addressed many of the concerns in the
field of solid organ transplants by introducing a new tissue
engineering technology for producing new tissue morphogenesis
by using constructs formed from isolated cells with biocompat-
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ible scaffolds and cytokines. Thereafter, many issues of tissue-
engineered bone regeneration were reported in the literature, in
relation to the combination of different cell sources, various
biocompatible scaffolds, and many kinds of cytokines.

This study was designed to establish an autologous
tissue-engineered bone repair in animal model. The cell was
obtained from bone marrow mesenchymal stem cell (MSC).
Autologous platelet-rich plasma (PRP), as a source of cyto-
kines, was combined with autologous fibrin glue, as
scaffolds, to form platelet-rich fibrin glue (PRFG) for cell
migration, differentiation, and proliferation. The high con-
centration of fibrinogen in PRFG produced a dense fibrin clot
with sufficient adhesive strength to maintain the required
configuration. The concept of GTR was applied by using the
MEDPOR (Porex Medical, Fairburn, GA) to produce an
isolation space for the growth of PRFG/osteoinduced MSCs
admixtures. Finally, this study examined the osteogenic effect
of PRFG as a cytokine-contained scaffold, for the prolifera-
tion of osteoinduced MSCs and the enhancement of tissue-
engineered bone regeneration by applying MEDPOR as
GTR.

MATERIALS AND METHODS
A total of eight adult mongrel dogs in healthy condition,

aged 18 months with an average weight of 20.3 kg, were used in
this study. The study was performed in accordance with the
regulations of and with approval from the Institutional Animal
Care and Use Committee of Chang Gung Memorial Hospital
and conformed to the standards of the Association for Assess-
ment and Accreditation of Laboratory Animal Care. Throughout
the experiment, the dogs were monitored for their general
appearance, activity, excretion, and weight.

MSC Isolation From Dog Iliac and Osteogenic
Differentiation

Dog MSCs were harvested and isolated according to
the procedure described by Pittenger et al.,17 with some
modifications. In brief, bone marrow was aspirated from dog
ilium by using an 11-gauge bone marrow aspiration needle
(Becton Dickinson, Sandy, UT). Twenty milliliters of bone
marrow was collected into a syringe containing 6,000 units of
heparin. The bone marrow sample was washed with Dul-
becco modified Eagle medium (DMEM; low glucose,
GIBCO, Invitrogen, Carlsbad, CA) and then centrifuged at
900g. The cell pellets were resuspended in DMEM and
loaded onto a 70% Percoll (Sigma, St. Louis, MO) gradient.
After the gradients were centrifuged at 1,100g for 30 minutes,
the MSC-enriched density fraction was collected. Cells were
resuspended in DMEM with 10% fetal bovine serum. The
cells were plated at 1.6 � 106 cells/cm2 into 75-cm2 cell
culture flasks. The cells were incubated in a humidified
atmosphere of 95% air with 5% CO2 at 37°C. The medium
was changed after 72 hours and every 3 days thereafter.
Nonadherent and hematopoietic cells were removed at each
time of the medium change. When culture flasks approached
confluence (10 days), the cells were detached with 0.05%
trypsin containing 0.53 mmol/L EDTA for 5 minutes at 37°C
and replated at 5 � 105 cells/cm2 in new flasks.

To induce osteogenic differentiation, expanded MSCs
were suspended in medium containing osteogenic supple-
ments (DMEM with 10% fetal bovine serum, 100 nmol/L
dexamethasone, 50 �g/mL ascorbic acid, and 10 mmol/L
�-glycerophosphate)14–16 for 10 days. When culture flasks
approached confluence at 10 days, the cells were released
with 0.05% trypsin and used for implanting. The success of
osteogenic differentiation was confirmed by Alizarin red and
alkaline phosphatase (ALP) staining.

Preparation of Autologous Fibrin Glue and PRP
Fibrinogen Preparation

Three days before surgery, 100 mL of the whole blood
was drawn in a tube containing citrate phosphate dextrose
solution (2.51 g/L sodium dihydrogen phosphate, 26.30 g/L
sodium citrate, 3.27 g/L citric acid, and 23.30 g/L glucose) as
an anticoagulant. The blood was centrifuged (KUBOTA 9800
centrifuge; Kubota, Tokyo, Japan) for 10 minutes at 1,500
rpm until three layers were formed (an upper plasma layer, a
middle buffy coat layer enriched in platelets, and a lower red
blood cell layer; Fig. 1). The lower layer containing red blood
cells was discarded. Two-third of the upper layer of plasma
was frozen at �20°C for 8 hours on the same day and slowly
defrosted at 4°C for 12 hours to 16 hours to induce cryopre-
cipitation. The precipitated cryoprecipitate was centrifuged at
4°C for 10 minutes at 3,000 rpm. After most of the superna-
tant was removed, a cryoprecipitate rich in fibrinogen was
redissolved by incubation at 37°C, and then the concentrated
fibrinogen was formed.17,18

Thrombin Preparation
Ten milliliters of the remaining plasma volume and 0.3

mL of CaCl2 (10%) were added into a thrombin-generated
device set (Cosmo Medical Supply, Taipei, Taiwan) to induce
plasma activation and production of thrombin as described

Figure 1. Preparation of PRP (the upper clear part is plasma
layer, the middle gray part is buffy coat layer containing
concentrated platelet, and the lower part is autologous
blood cell layer).
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before.19 Briefly, the mixture was shaken gently for 30
seconds to start the reaction. After it was kept still for 30
minutes, a fibrin gel formed inside the device, and then it was
shaken vigorously until the gel was transformed into liquid
state again. The 6-mL to 7-mL thrombin-rich supernatant was
extracted with a plastic syringe and frozen immediately at
-20°C until used.18

Platelet-Rich Plasma
Platelets were concentrated from the platelet-rich buffy

coat layer by further centrifugation at 3,000 rpm at room
temperature. The mean platelet count in PRP was 1,699,000/
�L, and the mean baseline platelet count in the starting blood
was 334,000/�L. This indicated that the procedure could
concentrate the platelet approximately five times above the
baseline platelet counts.

Experiment Design and Animal Preparation
Surgery was performed under sterile conditions by

using endotracheal isoflurane anesthesia after induction with
intravenous 4% sodium pentobarbital (1 mL/10 kg). The
donor area of the mandible in each animal was shaved before
the procedure, and the surgical field was prepared with
betadine solution. The mandibular angle and ramus were
exposed through a submandibular incision. A full-thickness
bone defect, 1.5 cm � 1.5 cm, was created bilaterally at the
lower margin of the mandibular angle by using a reciprocat-
ing saw under extensive cooling with saline. There were 16
defects in 8 dogs.

The defects were filled with the tissue-engineered bone
grafts by injection method with a specifically designed double
syringe device (Cosmo Medical Supply) in the experimental
group. The 2-mL concentrated fibrinogen, 1-mL PRP, and
osteoinduced MSCs (�1 � 108 cells) were loaded in one
syringe and 2-mL thrombin in another syringe. By the spe-
cific design of the double syringe device, the content of the
two syringes could be injected simultaneously into the defect.
After 30 seconds to 1 minute, the semisolid polymer contain-
ing PRFG and osteoinduced MSCs was formed in the defect.
After achieving hemostasis, the flap was resutured with 4-0
nylon (Ethicon, Johnson & Johnson, New Brunswick, NJ) to
completely cover the wound area.

The defects were grouped as following: Group I (n � 4),
the defect was implanted with PRFG and osteoinduced MSC.
Pieces of experimental barrier materials by using MEDPOR
(Porex Medical, Ethicon, Johnson & Johnson, New Bruns-
wick, NJ) slightly larger than the defect were placed and
extended 2 mm over the margin of the mandibular defects in
direct contact with the bone surface both buccally and lin-
gually to prevent the soft tissue from entering the defect. The
material on the lingual sides was secured by 4-0 vicryl sutures
passed through the holes drilled in the adjacent bone. The other
buccal side was fixed securely with microscrews (Fig. 2). Group
II (n � 4), the defect was implanted with PRFG and osteoin-
duced MSC without MEDPOR coverage. Group III (n � 4),
the defect was left empty. The inner and outer defects were
covered by MEDPOR graft as group I. Group IV (n � 4), the
defect was left empty as control group. The 16 defects were
separated randomly into 4 groups with 4 defects in each group.

Cefazoline (100 mg/kg) was administered preopera-
tively, immediately after surgery, and 24 hours later. To
alleviate postoperative pain, the animals were given buprenex
(0.01 mg/kg, intramuscularly) every 12 hours over 48 hours.
The wound was cleared and treated with neomycin ointment
during the healing period. After surgery, the animals were
given a diet of soft foods for 2 weeks.

Bone Regeneration Evaluation
Computerized Tomography Analysis

All animals underwent postoperative computerized to-
mography (CT) examination at 1 week, 2 months, and 4
months after the operation. The CT image acquisition, pro-
cessing, and manipulation were performed according to the
standard protocol at this medical facility. The CT data were
reformatted, and a voxel (unit of three-dimensional [3D]
image) was set at 0.6 � 0.6 � 0.6 mm for all scans. The
imaging data were analyzed using the Analyze version 7.0
(Biomedical Imaging Resource, Mayo Foundation, Roches-
ter, MN) software for extraction and volumetric measurement
of the new bone growth in the mandibular defect.20

The craniofacial bone was extracted from the 3D CT
images with the threshold adjusted to remove the soft tissue
and display the bone. The range of CT densities was fixed in
all CT scans for craniofacial bone. By using the manual
tracing method, the first CT at 1 week after operation was
used to calculate the original volume of bone defect. Then,
the percentage of new bone growth at 2 months and 4 months
postoperation was obtained accordingly. The percentage of
new bone growth was compared among the four groups to
determine whether the PRFG/osteoinduced MSCs with
MEDPOR as GTR were effective for bone regeneration.

X-Ray and Histologic Analysis
The dogs were killed at 4 months after surgery. The

mandible in each animal was harvested, and X-ray was used
to examine bone density in the defect. The mandible was
fixed in 10% buffered formalin, then decalcified and pro-
cessed for hematoxylin and eosin histologic studies. These
specimens were examined under a light microscope to ana-
lyze the presence or absence of bone formation.

Statistical Analysis
The Mann-Whitney U test was used for the comparison

of bone regeneration volume between groups, with values of
p � 0.05 being regarded as significant. Data are presented as
means � SD.

RESULTS

Confirmation of Osteogenic Differentiation
In Vitro

MSC’s morphology was changed from spindle-shaped
to a polygonal configuration after subculturing in osteogenic
media (Fig. 3). Alizarin red staining revealed intense red stain
in the calcium nodules of osteoinduced MSCs but not in the
undifferentiated MSCs (Fig. 3). The ALP staining also re-
vealed high ALP activity in osteoinduced MSCs and low
ALP activity in undifferentiated MSCs (Fig. 3). The above
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findings indicated that the MSCs had been successfully in-
duced into osteoprogenitor cells before implant into the
mandibular defect.

Radiographic, Histology Analysis, and New
Bone Regeneration by CT In Vivo
Radiographic Studies

Mandible X-ray at 4 months revealed increased radio-
graphic opacity filled in the original mandibular defect in
groups I and II with few residual defect. However, opacity
was noted only around the edge of mandibular defect in
groups III and IV (Fig. 4).

Histologic Studies
Hematoxylin and eosin staining showed new bone

growth with osteocyte surrounded by ground substance in
X-ray radiographic opacity area. In group I, the defect was

regenerated with new bone, and only a small area of the
defect was filled with fibrotic tissue. In group II, the defect
was also regenerated with new bone; however, the residual
defect was occupied by not only fibrotic tissue but also by
incarcerated muscle fiber. In group III, only the edge of the
defect was regenerated with new bone, and the residual defect
was occupied by fibrotic tissue. In group IV, most of the
defect was occupied by both fibrotic tissue and incarcerated
muscle fiber (Fig. 4).

Three-Dimensional CT Reconstruction and New
Bone Measurement by Analyze Version 7.0

The percentage of new bone regeneration in each group
was measured by Analyze version 7.0 software (Table 1;
Fig. 5). The percentages of new bone regeneration were
46.9% � 5.13% in group I, 33.74% � 5.78% in group II,
18.12% � 5.5% in group III, and 10.91% � 2.59% group IV

Figure 2. Top right, a 1.5 � 1.5-cm2 full-thickness defect was created. Top left, MEDPOR was covered over inner table, and
the defect was injected with PRFG/osteoinduced MSCs by specific device (the injection device with one syringe containing
thrombin and another syringe containing fibrinogen � osteoinduced MSCs � PRP). Bottom right, PRFG/osteoinduced MSCs
semisolid polymer was formed in the defect 30 seconds to 1 minute after injection. Bottom left, MEDPOR was covered over
outer table as GTR.
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at 2 months; and 72.8% � 8.02% in group I, 53.34% �
6.87% in group II, 26.58% � 6.41% in group III, and 15.14%
� 2.37% in group IV at 4 months. The groups treated with
PRFG/MSC (groups I and II) showed significantly increased
new bone growth at 4 months when compared with that at
2 months (p � 0.05). In contrast, there were no significant
differences in newly formed bone in the control group or in
the group treated with only MEDPOR at 2 months and 4
months (p � 0.05). Adding PRFG/MSC (groups I and II)

revealed significant bone growth when compared with the
control group (groups III and IV), at both 2 months and 4
months (p � 0.05). MEDPOR as GTR in group I induced
more bone growth than group II at both 2 months and 4
months (p � 0.05).

DISCUSSION
Research in tissue engineering is increasingly focusing

on developing procedures for reconstructing bone defects

Figure 3. Morphology of stem cells was changed from spindle shape (top left) to polygonal shape (top right). The ALP stain-
ing also revealed high ALP activity in osteoinduced MSCs (middle right) and low ALP activity in undifferentiated MSCs (middle
left). Alizarin red staining revealed intensely red stain in the calcium nodules of osteoinduced MSCs (bottom right) but not in
the undifferentiated MSCs (bottom left). Original magnification, �100.
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in the craniofacial region. One objective is to avoid the
problems associated with autologous bone graft and allo-
plastic materials. Tissue engineering involves three main
components: multipotent stem cell, biocompatible and bio-
degradable scaffold, and cytokines. The design of this
study is derived from the nature course of fracture healing.
We all know that the secondary fracture healing comprised
three overlapping phases (inflammatory, reparative, and
remodeling). The inflammatory phase is characterized by
vasodilatation and hyperemia because of the release of
local factors; hematoma formation; vasoconstriction and
vascular clotting; and invasion by neutrophils, basophils,
and macrophages. Hematoma formation results in the or-
ganization of a fibrin network as a 3D scaffold for cellular
migration. Platelet aggregation in the hematoma releases
multiple cytokines and growth factors to attract the mul-

tipotential mesenchymal cells and to induce the cells into
chondroblasts, osteoblasts, fibroblasts, and so on. There-
after, the fracture heals with soft callus, hard callus, and
then mature bone after remodeling.

Hence, based on the concept of initial healing process
of fracture, we develop a new tissue-engineered bone graft in
which the cells, the scaffold, and the growth factors are all
derived from the host: the multipotent cells are derived from
autologous bone marrow-derived MSCs; the scaffold is made
of autologous fibrin glue-like fibrin network in hematoma;
and the growth factors are prepared as autologous PRP. The
combination has the advantage of biodegradability, biocom-
patibility, and avoidance of transmissible disease and allergic
reactions and, also, provides a convenient way to translate
tissue engineering easily from bench experiment to clinical
application.

Figure 4. X-ray and hematoxylin and eosin stain in each group postoperatively 4 months (F, fibrotic tissue; NB, new bone; M,
muscle). Original magnification, �100.
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Bone marrow MSCs were first described 21 and isolated
by their adherence properties to plastic in tissue culture by
Friedenstein et al. The potential of MSCs to form bone,
cartilage, and adipose tissues has been well documented in
the literatures.17 MSCs have been isolated from the bone
marrow of many species such as humans,17 dogs,22 and
pigs.23 Dog MSCs have also been proven to have the potential
of osteogenic differentiation both in vitro and in vivo.22,24–26

In this study, positive Alizarin red stain and ALP stain proved
that the dog MSCs have been successfully induced into
osteoblasts under the circumstance of osteogenic medium.

Fibrin glue, a composite of fibrinogen and thrombin, is
a physiologically relevant matrix whose principal component,
fibrin, has fundamental roles in the process of blood clotting
and wound healing. Initially, fibrin glue was used for hemo-
stasis on wounds as reported by Bergel in 1909.27 Grey28

subsequently used fibrin to treat cerebral hemorrhage. In
1940, Young and Medawar29 used fibrin as a glue to repair
peripheral nerves, and 4 years later, the first use of fibrin glue
to secure skin grafts was reported by Tidrick and Warner.30

However, fibrin glue was rarely used during the next 30
years, partly because of the difficulty in obtaining autologous
plasma intraoperatively and because of the low fibrin con-
centration in the plasma that yielded a weak biomaterial. In
1972, Matras and Dinges31 introduced commercial fibrin
glue, prepared by industrial plasma fractionation that exhib-
ited higher fibrinogen content and tensile strength.32 Fibrin
glue is now widely used in many aspects of modern surgery.
This material has potential application as a biological vehicle
for cell transplantation because of its excellent biocompat-
ibility, biodegradability, binding capacity to cells, and 3D
porous structure.31,33–35

Osteoinductive cytokines/growth factors comprise the
bulk of known osteoinductive molecules. Osteoinductive cy-
tokines are a class of relatively small-secreted biological
molecules capable of promoting bone formation at orthotopic
locations. The cytokine mixture used in this study was autol-
ogous PRP. The platelet � granules contain a mixture of
growth factors36 in an incomplete and, therefore, bioinactive

form. The growth factors identified in these granules are
platelet-derived growth factor, transforming growth factor-�,
vascular endothelial growth factor, and epithelial growth
factor.36 Both the platelet-derived growth factor and trans-
forming growth factor-� are involved in connective tissue
repair and bone regeneration, mainly by triggering adjacent
cells such as preosteoblasts to undergo mitosis, increasing
their numbers via chemotaxis, and differentiating into mature
osteoblasts, which favors the initiation of bone remodeling,
tissue healing, and bone mineralization.37 Marx38 attributed
the osteogenic enhancement to increased levels of these two
growth factors that stimulate angiogenesis and mitogenesis of
marrow cells and preosteoblasts and activate their differenti-
ation into mature osteoblasts, thereby stimulating deposition
of osteoblast matrix proteins. The alpha granules are also rich
in the cell adhesion molecule vitronectin, which is required
for osteoconduction and osseointegration. The secretion of
growth factors is activated by the clotting process. Activation
of the clotting process is associated with structural change in
the platelet membrane system and results in the active secre-
tion of the growth factors from the alpha granules.37,39,40

The PRP is an autogenous blood fraction with high
platelet concentrations that is devoid of transmissible infec-
tious agents and does not cause hypersensitivity reactions. In
this study, autologous PRP was concentrated at approxi-
mately five times the baseline platelet counts. The minimum
platelet count required for a blood clot to qualify as PRP is
arguable, but a concentration of four to seven times the usual
baseline platelet count has proven clinically effective.38

Kanno et al.41 also showed that PRP can enhance human
osteoblast cell proliferation and differentiation in a dose-
dependent manner. Haynesworth et al.42 tested population
growth of MSCs by using different concentrations of plate-
lets, with nonplatelet-containing solutions being used as con-
trols. The control groups failed to stimulate population
growth in the MSCs. However, the response to increasing
concentrations of platelets showed exponential population
growth beginning at approximately three times the baseline
platelet level and becoming significant at four to five times
baseline. The value at 10 times baseline, which is beyond the
capacity of any currently available device, showed an even
greater MSC growth. In a 2004 study, Yamada et al.,24 using
autogenous injectable bone for regeneration with mesenchy-
mal stem cells and platelet-rich plasma, reported similar new
bone formation between MSC/PRP group and autogenous
bone graft group at 8 weeks.

Strictly speaking, most of the fibrin glue used in tissue
engineering cannot be considered completely autogenous
because they might use only autologous fibrinogen but bovine
thrombin. Transmission of infectious agents and immuno-
genic reactions by bovine thrombin cannot be eliminated.
One uncommon but potentially serious complication related
to bovine thrombin is the risk of inducing a serious bleeding
disorder caused by the formation of antibodies cross reacting
with human coagulation factor V.43 A further concern is that
exposure to bovine blood carries a potential risk of acquiring
variant Creutzfeldt-Jakob disease. In addition, Su et al.44

found that autogenous thrombin may be, even at lower

TABLE 1. The Average Percentage of New Bone Growth in
Each Group at Postoperation 2 mo and 4 mo

*p � 0.05.
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concentrations, a more potent trigger for platelet granule
secretion and growth factor release than bovine thrombin.
The study by Su et al. concluded that using autogenous
thrombin not only preserves the biological and physical
properties of the platelet gels but also enhances the safety
profile. In contrast, the materials used in this study, including
thrombin, were all from the animal itself.

The fibrin glue, as a biological scaffold, has two major
disadvantages: low mechanical strength and rapid degrada-
tion. One of the methods to solve these problems is to elevate
the concentration of fibrinogen. Several methods have been
developed for concentrating fibrinogen from plasma such as
cryoprecipitation, chemical precipitation, and chromato-
graphic separation. Cryoprecipitation is the method we used
because there is no need of adding any toxic chemical

compounds or other affinity ligands as in other two methods.
Therefore, the fibrinogen concentration in PRFG is more than
that in PRP. Thorn et al.45 reported that the concentration of
fibrinogen in PRFG was approximately 12 times that found in
PRP. Considering that higher fibrinogen concentrations en-
hance the tensile strength of the glue, PRFG has a slower
degradability rate than PRP.46 This property allows longer
retention of growth factors and cells and, thus, produces more
bone in the PRFG than PRP. A nude mice study by Zhu et
al.46 in 2006 also showed that osteogenic characteristics of
PRFG are superior to PRP for bone tissue engineering. You
et al.47 found that platelet-enriched fibrin glue/MSC can
induce a stronger peri-implant bone reaction than PRP/MSC
in the treatment of bone defects adjacent to titanium dental
implants. Ito et al.26 also demonstrated that bone regeneration

Figure 5. 3D CT of dog mandible in each group at immediate postoperation, 2 months postoperation, and 4 months
postoperation.

The Journal of TRAUMA® Injury, Infection, and Critical Care • Volume 70, Number 1, January 2011 Autologous Platelet Rich Fibrin Glue, Mesenchymal Stem
Cell

© 2011 Lippincott Williams & Wilkins 235



around dental implants was enhanced in the group of MSC/
PRP/fibrin glue when compared with the group of MSC/PRP.

Masseter muscle is a strong and powerful muscle group
around the mandible angle. Although the elevation of fibrin-
ogen concentration has strengthened the PRFG/MSCs ad-
mixtures, it is still not strong enough to against the power
of masseter muscle. Muscle incarceration into the defect
was demonstrated in groups II and IV. It could hinder the
bone regeneration. Therefore, GTR was added to provide
either an isolated space for bone regeneration or prevent the
prolapse of surrounding muscle tissue. The material used in
this study was MEDPOR. MEDPOR surgical implants are
manufactured from linear high-density polyethylene. Poly-
ethylene has a long history of use in surgical implants.
MEDPOR biomaterial allows for tissue ingrowth because of
its interconnecting open-pore structure. The porosity of
MEDPOR biomaterial is maintained large with average pore
sizes �100 �m and a pore volume in the 50% range (based on
mercury intrusion porosimetry measurements). The firm nature
of the material allows carving with a sharp instrument without
collapsing the pore structure. The material also shows a minimal
foreign body response.48 In this study, more new bone tissues
were formed, and no incarceration of surrounding muscle tissue
was noted in group I with MEDPOR as GTR. It means that the
MEDPOR as GTR actually enhances the osteogenesis of PRFG/
MSCs admixtures.

CONCLUSION
In conclusion, this study demonstrates that autologous

PRFG, indeed, provides a good scaffold containing numerous
growth factors for proliferation of osteoinduced MSC. The
PRFG with osteoinduced MSCs (groups I and II) shows
significant bone regeneration with �50% new bone forma-
tion. In contrast, the control group (groups III and IV)
exhibits only partial bone growth in the edge of the bone
defect. Because of the injectable properties of fibrin glue, it
makes the clinical application with minimal invasive surgery
achievable. Furthermore, the MEDPOR as GTR also raised
the osteogenic potential of the PRFG/MSCs admixtures by
providing an isolated space and preventing the muscle incar-
ceration. The concept of completely host-derived tissue en-
gineering also makes this study easily translated from bench
experiment to clinical application.
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