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Immunohistochemical Analysis of Cortical and 
Cancellous Bone After Radiation and the Effect of

Platelet-rich Plasma on Autogenous Bone Grafting
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Purpose: The collection of autologous platelet-rich plasma (PRP) has demonstrated favorable affects on
wound healing in compromised patients. The purpose of this study was to evaluate the expression of
PDGF, bFGF, and TGF-� in irradiated and nonirradiated bone in a rabbit tibia model and the ability of PRP
to increase growth factor expression when added to autogenous bone graft in a rabbit cranial defect
model. Materials and Methods: Ten New Zealand White rabbit tibiae and calvariae were utilized for this
study. Tibiae were irradiated at 60 to 70 cGy and evaluated for expression of PDGF, bFGF, and TGF-�.
Rabbit calvariae were also analyzed after grafting with autogenous bone and PRP for determination of
growth factor expression. Results: Decreased expression of PDGF, bFGF, and TGF-� was seen in cortical
and cancellous bone samples when irradiated bone was compared to nonirradiated rabbit tibiae. An
increase in PDGF, bFGF, and TGF-� expression was detected in cortical autogenous bone grafts with PRP
at 1 and 2 months compared to autogenous bone alone. Discussion: In this study, growth factors, which
were decreased in irradiated cortical and cancellous bone, showed increased expression at 1 and 2
months when PRP was added to autogenous bone grafts. Thus, PRP may have potential therapeutic
applications when bone grafting is required in patients with reduced bone vascularity, including patients
with previous head and neck irradiation, diabetes, and smoking habits. Conclusions: Decreased expres-
sion of PDGF, bFGF, and TGF-� was seen in radiated rabbit tibia as compared to nonirradiated controls,
and increased expression of these growth factors was seen in PRP-containing autogenous bone grafts.
(Basic Science) (More than 50 references) INT J ORAL MAXILLOFAC IMPLANTS 2006;21:535–542
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The emergence of growth factors and their availabil-
ity for research and clinical utilization has presented

new opportunities for bone healing and regenera-
tion.1–6 The use of platelet-rich plasma (PRP) has
demonstrated favorable results in bone healing in ani-
mal and human studies.7–18 Potential also exists to
restore vascularly compromised wound healing to that

of normal healing.19–26 With these promising results,
growth factors may be considered for use in patients
with compromised vascular states, including diabetics,
smokers, and irradiated patients. However, minimal lit-
erature exists on the vascular changes that occur in
irradiated bone.The literature on the topic consists only
of a few animal studies,19–21,27–31 which demonstrate a
decrease in important wound healing growth factors in
irradiated bone. These factors include basic fibroblast
growth factor (bFGF) as well as factors with potential
osteoinductive properties such as transforming growth
factor-� (TGF-�), and platelet-derived growth factor
(PDGF). Specific growth factors with angiogenic prop-
erties have been reported to improve bone repair in
skin and bone wounds after irradiation.19–26 The pur-
pose of this preliminary study was to evaluate the
expression of PDGF, bFGF, and TGF-� in irradiated and
nonirradiated bone in a rabbit tibia model. The ability
of concentrated growth factors, including PDGF, bFGF,
and TGF-�, in the form of PRP to increase growth factor
expression when added to autogenous bone graft in a
rabbit cranial defect model was also evaluated.
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MATERIALS AND METHODS

Rabbit Tibia Model for Irradiation
Tibiae of 10 adult New Zealand white rabbits were
exposed to 65 cGy gamma irradiation, with an aver-
age energy of 1.25 MeV, delivered using a Theratron
780 Cobalt 60 unit (AECL, Toronto, ON, Canada). A
latex balloon filled with water was positioned under
the tibiae as a radiation bolus, providing a more uni-
form dose distribution to treatment volume by com-
pensating for different thicknesses of soft tissue sur-
rounding the bone. Eight fractions were delivered in
split-course fashion: 4 fractions at 3-day intervals fol-
lowed by a 2-week break and then the final 4 treat-
ments at 3-day intervals. Radiation dose was verified
using thermoluminescent dosimetry (Harshaw/
Bicron, Solon, OH). Animals were sacrificed 4 months
after irradiation, and the nonirradiated tibia was uti-
lized as an internal control. The University of Califor-
nia at Los Angeles (UCLA) Animal Research Commit-
tee (ARC) in accordance with staff in the UCLA
Department of Laboratory and Animal Medicine
approved all animal protocols.

Rabbit Calvarial Grafting Model
Isolation and preparation of platelet concentrate
were performed as previously described.32 Bilateral
defects were created in the rabbit cranium with an 8-
mm trephine drill. Sites were grafted with autoge-
nous bone or autogenous bone + PRP. The animals
were sacrificed at 1 and 2 months. The bony speci-
mens were collected and stored in 10% formalin until
analyzed by immunohistochemistry. Protocols were
approved by the UCLA ARC.

Immunohistochemical Staining
Specimens were treated with hydrochloric acid
decalcifying solution (Fisher Scientific, Tustin, CA).
Specimens were then dehydrated with graded alco-
hols and embedded in paraffin. The specimens were
subsequently sectioned at 6 µm with a steel knife.
Following 3 washes of phosphate buffered saline
(PBS), slides were blocked with 5% normal goat
serum (Gibco, Gaithersburg, MD) for 30 minutes.
Murine monoclonal PDGF, bFGF, or TGF-� antibody in
2.5% normal goat serum were added at 1:100 con-
centration to slides and incubated overnight at 4°C.
After being washed with PBS, slides were incubated
with a secondary biotinylated anti-mouse IgG (1:200
Dako, Carpinteria, CA) for 1 hour at room tempera-
ture. Controls for each antibody consisted of incuba-
tion with secondary antibody in the absence of pri-
mary antibody. Slides were then washed 3 times with
PBS. Substrate chromogen (3,3’-diaminobenzidine
(DAB); Sigma Chemical, St Louis, MO) 1% in distilled

water was used to develop the slides. Slides were
mounted with Permount (Biomeda, Foster City, CA)
and imaging was performed on an Optronics Imag-
ing System with K.S 300 software (Zeiss, Oberkochen,
Germany).

RESULTS

PDGF
In irradiated rabbit tibial bone, the level of PDGF was
notably depressed in endothelial cells lining vascular
channels of cortical bone as compared with those of
nonirradiated controls (Figs 1a and 1b). Similarly, irra-
diated cancellous bone failed to show PDGF expres-
sion, whereas nonirradiated controls stained posi-
tively throughout trabecular bone and vessels (Figs
2a and 2b). To determine whether PRP had an effect
on PDGF expression in a bone graft model, immuno-
histochemistry was performed. At 1 and 2 months,
rabbit cranial samples grafted with autogenous bone
+ PRP showed increased expression of PDGF
throughout the cortical bone sample when com-
pared to autogenous bone grafting alone (Figs 3a, 3b,
4a, and 4b).

bFGF
Immunohistochemical staining of normal or nonirra-
diated bone shows abundant expression of bFGF in
endothelial cells of the cortical vasculature, but no
expression in irradiated bone (Figs 1c and 1d). Similar
suppression of bFGF expression was observed in vas-
culature of irradiated cancellous bone (Figs 2c and
2d). Again at 1 and 2 months, rabbit cranial samples
grafted with PRP and autogenous bone demon-
strated an increased expression of bFGF in the vascu-
lar channels of the cortical bone as compared to
autogenous bone alone (Figs 3c, 3d, 4c, and 4d).

TGF-�
Radiation treatment at 60 to 70 cGy of rabbit tibiae
revealed a marked reduction in TGF-� expression in
both cortical and cancellous bones. In nonirradiated
cortical bone, endothelial cells lining the vascular
channels stained positively for TGF-�. However, in the
irradiated cortical bone, no TGF-� expression was
detected on immunohistochemistry (Figs 1e and 1f ).
In nonirradiated cancellous bone, trabeculations and
blood vessels stained positively for TGF-�, whereas
irradiated bone showed no TGF-� expression (Figs 2e
and 2f ). When rabbit cranial bone grafts were evalu-
ated for TGF-� expression, samples of autogenous
bone + PRP showed increased expression compared
to bone graft alone at both time points (Figs 3e, 3f,
4e, and 4f ).
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Fig 1 Immunohistochemistry comparison of normal and irradiated cortical rabbit tibial bone. Immunohistochemistry was performed to
determine expression of growth factors in cortical nonirradiated and irradiated rabbit tibiae. (a) Expression of PDGF in nonirradiated corti-
cal bone. Arrows point to representative areas of staining in the cortical bone and in the vascular channels. (b) Expression of PDGF in irra-
diated cortical bone. No staining can be seen in the irradiated cortical bone. (c) Expression of bFGF in nonirradiated cortical bone. A mini-
mal increase in staining can be seen in the vascular channels (arrows). (d) Expression of bFGF in irradiated cortical bone. No staining can
be seen in this irradiated cortical bone. (e) Expression of TGF-� in nonirradiated cortical bone. Arrows point to many areas of increased
staining within the cortical bone and vascular channels. (f) Expression of TGF-� in irradiated cortical bone. No expression of TGF-� can be
seen in irradiated samples.

Fig 2 Immunohistochemistry comparison of normal and irradiated cancellous rabbit tibial bone. Immunohistochemistry was performed
to determine expression of growth factors in cancellous nonirradiated and irradiated rabbit tibiae. (a) Expression of PDGF in nonirradiated
cancellous bone. An increase in staining can be seen throughout the cancellous bone and blood vessels (arrows). (b) Expression of PDGF
in irradiated cancellous bone. No staining and no vessels can be seen. (c) Expression of bFGF in nonirradiated cancellous bone. An
increase in staining is seen throughout the trabecular bone, and more blood vessels are seen (arrow). (d) Expression of bFGF in irradiated
cancellous bone. No staining is seen, and no vessels are seen. (e) Expression of TGF-� in nonirradiated cancellous bone. A greater amount
of staining is detected, with large blood vessels visible (arrows). (f) Expression of TGF-� in irradiated cancellous bone. No staining and no
blood vessels can be seen.
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Fig 3 Immunohistochemistry comparison of autogenous bone and autogenous bone + PRP after 1 month. Autogenous cortical bone was
grafted into rabbit cranial defects alone and in combination with PRP. Animals were sacrificed after 1 month, and immunohistochemistry
was performed to determine the expression of growth factors, including PDGF, bFGF, and TGF-�. (a) Autogenous bone graft alone, stained
for PDGF. No staining was detected in the cortical bone or vascular channels. (b) Autogenous bone + PRP, stained for PDGF. PDGF expres-
sion was detected throughout the cortical bone graft and in the vascular channels (arrows). (c) Autogenous bone graft alone, stained for
bFGF. No staining was detected in the cortical bone or vascular channels. (d) Autogenous bone + PRP, stained for bFGF. An increase in
bFGF staining was detected in the vascular channels of the bone graft (arrows). (e) Autogenous bone graft alone, stained for TGF-�. Auto-
genous bone graft alone, stained for PDGF. No staining was detected in the cortical bone or vascular channels. (f) Autogenous bone + PRP,
stained for TGF-�. Arrows point to the increased staining throughout the cortical bone and in the vascular channels of the bone graft.

Fig 4 Immunohistochemistry comparison of autogenous bone and autogenous bone + PRP after 2 months. Autogenous cortical bone
was grafted into rabbit cranial defects alone and in combination with PRP. Animals were sacrificed after 2 months, and immunohistochem-
istry was performed to determine the expression of growth factors, including PDGF, bFGF, and TGF-�. (a) Autogenous bone graft alone,
stained for PDGF. No staining is detected in the cortical bone or vascular channels. (b) Autogenous bone + PRP, stained for PDGF. PDGF
expression was detected in the vascular channels (arrows). (c) Autogenous bone graft alone, stained for bFGF. No staining was detected in
the cortical bone or vascular channels. (d) Autogenous bone + PRP, stained for bFGF. Increased expression of bFGF was detected in the
vascular channels and throughout the entire autogenous bone graft (arrows). (e) Autogenous bone graft alone, stained for TGF-�. Minimal
staining was detected in the vascular channels of the cortical bone graft. (f) Autogenous bone + PRP, stained for TGF-�. Arrows point to the
increased staining throughout the cortical bone and in the vascular channels of the bone graft.
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DISCUSSION

Much of the initial research and many of the applica-
tions of the growth factors evaluated in this study
come from orthopedic surgery literature, specifically
from the literature on fracture healing, where it has
been shown that PDGF, bFGF, and TGF-� have positive
roles in promoting long-bone fracture healing.1–6

PDGF is a glycoprotein produced by platelets,
macrophages, and endothelial cells. It has important
functions in mitogenesis, angiogenesis, and recruit-
ment of fibroblasts and osteoblasts to a wound site to
assist in the initiation of vascularization, collagen syn-
thesis and deposition, and bone regeneration.7,33,34

Its crucial role in fracture healing is demonstrated by
decreased intramembranous bone formation when
PDGF inhibitors are utilized.35 PDGF has been shown
to increase new bone formation in calvarial defects;
complete bony union was seen in 2 weeks when it
was released from a poly(L-lactide) membrane.36

PDGF has also shown an improvement in alveolar
bone and periodontal ligament repair, with less
inflammation than control in Class III molar furcation
defects in beagle dogs.37 In a human clinical trial with
a split-mouth design, high-dose PDGF + insulin-like
growth factor-1 (IGF-1) (150 mg/mL) showed a signifi-
cant increase in vertical bone height and osseous fill
when compared to controls; however, no difference
was observed with lower doses of 50 mg/mL.38

FGFs can enhance cell proliferation, motility, dif-
ferentiation, mitogenesis, wound healing and tissue
repair, and angiogenesis.39,40 Basic FGF is released by
neutrophils, lymphocytes, blood monocytes, and tis-
sue macrophages.40 Both animal and human studies
have shown the importance of bFGF in fracture
repair.41,42 One study demonstrated the benefit of
bFGF specifically in stimulating cell proliferation dur-
ing mandibular fracture healing.43 In a study of alve-
olar bone defects created in beagle dogs and pri-
mates, improvement in bone formation and
cementum was observed after treatment with bFGF
as compared to control sites.44 Also, bFGF can
improve bone defect filling in mongrel dogs with
Class III molar furcation defects.45

TGF-� has also been studied for its potential role in
bone regeneration and repair. It is involved in bone
and connective tissue regeneration and has chemo-
tactic and mitogenic properties influencing
osteoblastic progenitor cells and inhibition of osteo-
clasts and bone resorption.33,46,47 TGF-� has been
shown to trigger rapid maturation of collagen in early
wounds.48 TGF-�1 has been studied in periodontal
defects. It can increase gingival healing by inducing
fibroblast proliferation, formation of vascularity, and
extracellular matrix remodeling.49 It can also enhance

bone regeneration in molar furcation defects of
sheep when combined with barrier membranes.50

Also, in alveolar bone defects in the canine model, the
use of recombinant human TGF-�1 (rhTGF-�1)
enhanced bone regeneration significantly, with fur-
ther improvement when barrier membranes were
used in combination with TGF-�1.51 Taken together,
this study, in combination with previous literature,
shows the importance and potential roles of PDGF,
bFGF, and TGF-� in bony wound healing.

Irradiation and Growth Factors
Radiation therapy is a common treatment modality
for head and neck malignancy. Commonly used radi-
ation protocols in the United States and around the
world utilize doses from 65 to 70 cGy and 52 to 70
cGy, respectively.52–55 Radiation at these doses has
many deleterious effects; the most relevant to bony
and soft tissue healing include hypocellularity, hypo-
vascularity, and hypoxemia.27,28,56 There is a docu-
mented decrease in bone healing after irradiation.29

These changes in irradiated tissues, specifically bone,
may be due in part to a decrease in growth factors
that are involved in wound healing. Decreased
expression of PDGF, bFGF, and TGF-� was seen
immunohistochemically in both cortical and cancel-
lous bone samples when irradiated rabbit tibia at 60
to 70 cGy was compared to nonirradiated bone (Figs
1 and 2). To the authors’ knowledge, this is the first
report of a decrease in vascular growth factor expres-
sion in autogenous bone grafts after irradiation.

Since the 1990s, TGF-�’s effect on radiated skin
wounds, surgical flaps, and bone healing has been
studied.19–21,30 The findings of this study are consis-
tent with previous reports showing decreased TGF-�
in irradiated vasculature and irradiated osteoblasts in
vitro.30,31 Local TGF-� administration has been shown
to overcome irradiation-induced impaired wound
healing by increasing wound breaking strength, pos-
sibly via an increase in the synthesis of type I colla-
gen by fibroblasts.20,21 It may also contribute to
improved random flap survival in irradiated skin.19

PDGF has also been used to improve wound healing
after radiation damage,22,23 resulting in a treated irradi-
ated rat surface skin wound 50% stronger than paired
controls.23 In this irradiated rabbit model, the expression
of PDGF was significantly depressed in endothelial cells
lining vascular channels of cortical bone as compared
with those of nonirradiated controls (Figs 1a and 1b).30

The angiogenic growth factor bFGF has been
demonstrated to improve wound healing in chronic
and irradiated skin wounds when delivered in a topi-
cal form.24,25 Immunohistochemical staining demon-
strated expression of bFGF (Fig 1c) in endothelial
cells of the cortical vasculature of nonirradiated bone
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but none in irradiated bone (Fig 1d). Similar suppres-
sion of bFGF expression was observed in vasculature
of irradiated cancellous bone (Figs 2c and 2d). Since
bFGF expression is dramatically reduced in cortical
bone after high doses of irradiation (60 to 70 cGy),
evaluation of bFGF as an adjunct therapy for bone
healing in patients undergoing irradiation therapy is
important. One study evaluated the induction of
angiogenesis and osseous healing of irradiated
mandibular resection sites when the grafting mater-
ial was pretreated with bFGF. Active bone formation
and reestablishment of mandibular contours
occurred in the bFGF-treated rabbits, but sequestra-
tion, necrosis, and failure to heal occurred in the con-
trol animals despite treatment.26 These preliminary
animal studies are promising, but more research is
required to make definitive conclusions about the
role of growth factors in the improvement of wound
healing in irradiated tissues.

PRP
A combination of growth factors would seem to have
an added benefit to graft healing, since the literature
shows great promise in bone and soft tissue healing
with these factors.8–12,33,57–61 PRP, which created from
blood collected from the patient and centrifuged into
a concentrated platelet plug consisting of multiple
growth factors released from the platelet alpha gran-
ules, has shown some success in enhancing bone graft
density and maturation when added to autogenous,
bovine, and/or freeze-dried bone.7–18,32,60 Platelet
counts from PRP are significantly higher than periph-
eral platelet counts,7,59 and thus should contain an
increased concentration of growth factors. TGF-�1,
PDGF-AB, and IGF-1 concentrations have been mea-
sured and are increased in PRP, but 1 study could
make no correlations between platelet counts and
growth factor levels.59 In the present study, concentra-
tions of individual growth factors were not measured,
since the aim of this study was to determine whether
the presence of PRP (confirmed by an adequate
platelet count) was sufficient to increase specific vas-
cular growth factors in an autogenous bone graft. It
has been reported that 1,000,000 platelets contain
0.06 ng PDGF.62 However, studies on PDGF’s effects on
wound healing used much higher concentrations (0.5
to 100 µg) to enhance wound healing.63–65 To address
this discrepancy, it has been speculated that if multi-
ple growth factors are utilized, as in PRP, lower concen-
trations of individual growth factors can have a syner-
gistic effect to promote wound healing.62 Though the
present study demonstrated an increase in PDGF,
bFGF, and TGF-� expression in autogenous bone
grafts where PRP was added, the authors do not infer
that expression of any of these individual factors was

responsible for an improved wound healing response
or an increase in bone regeneration. Other studies
have shown various growth factor concentrations in
PRP, but it is unknown whether the presence of these
growth factors in PRP actually leads to increased
expression in the bone graft.62,66–68 Future studies to
establish a direct correlation between the doses of
each specific growth factor in the PRP with an
increased or decreased expression of that specific fac-
tor will be necessary to establish a direct dose-
response effect. In addition, studies to determine the
duration of bioactivity of the specific growth factors
contained in PRP will be needed to determine their
temporal effect on wound healing. In this study,
expression of PDGF, bFGF, and TGF-� was seen at 1 and
2 months when PRP was added to the autogenous
bone graft. This does not signify, however, that these
factors were active in the wound healing process at
that time. Since little is known regarding growth factor
temporal expression, evaluating these factors by
immunohistochemistry allows a preliminary evalua-
tion of the time sequence in bone regeneration.69

In this study, an increase in PDGF, bFGF, and TGF-�
expression was detected in cortical autogenous
bone grafts at 1 and 2 months with PRP when com-
pared to autogenous bone alone (Figs 3 and 4).
Based on this and previous studies, the combined
effects of growth factors contained in PRP may pre-
sent a therapeutic benefit to bone grafting and
should be investigated further in cases of vascular
compromise where wound healing is often impaired.
PDGF, bFGF, and TGF-� are the most commonly stud-
ied and have angiogenic, mitogenic, and osteoinduc-
tive properties. Applications of growth factors in
implant dentistry, particularly the use of recombi-
nant growth factors in the form of PRP with autoge-
nous bone grafts, are currently being investigated.
Since this was a pilot immunohistochemical study,
no quantitative histomorphometric analysis was per-
formed to determine statistical differences in expres-
sion of these growth factors. However, based on
these preliminary findings, growth factors hold
promise for wound healing applications, especially
for potential use in patients with vascular compro-
mise and impaired wound healing.

CONCLUSIONS

This preliminary study demonstrated a decrease in the
expression of vascular growth factors PDGF, bFGF, and
TGF-� in irradiated rabbit tibial bone. In addition, an
increase in expression of these same growth factors
was seen when PRP was added to an autogenous
bone graft in a rabbit calvarial defect model.
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