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Background   Platelets contain many kinds of growth 
factors with the ability to accelerate angiogenesis. We 
analyzed whether a single injection of platelet-rich 
plasma (PRP) would accelerate surgical angiogenesis in 
necrotic bone implanted with vascular tissue.

Methods   We used 24 Japanese White rabbits. PRP 
was refined from autologous blood by separation twice 
with centrifugation. A removed iliac bone was frozen in 
liquid nitrogen to ensure complete cellular necrosis. A 
narrow hole was made in the bone and the saphenous 
vascular bundle was passed through the hole. The bone 
was wrapped after injection of either 1 mL (1) PRP, or 
(2) saline solution into the hole, and was placed subcu-
taneously in the thigh. In both groups, angiogenesis was 
compared 1 week and 2 weeks after surgery. 

Result   Angiogenesis was observed along the implanted 
vascular bundle in both groups. At 1 and 2 weeks after 
surgery, both the vessel density and the average length 
of newly formed vessels of the experimental group were 
significantly greater than in the control group. Both the 
vessel density and the length were greater after 2 weeks 
than after 1 week. 

Interpretation   A single injection of PRP accelerates 
surgical angiogenesis in vascular-implanted necrotic 
bone.

■

Avascular necrosis of bone commonly leads to 
bone collapse and arthritis. The optimal treatment 
would be rapid correction of the avascular condi-
tion before joint collapse occurs. Vascularized 

bone grafting or vascular bundle implantation is 
often performed to induce bone regeneration. Vas-
cularized bone grafting has proved to be promising 
(Haw et al. 1978, Weiland et al. 1984, Sunagawa 
et al. 2000), but the rate of revascularization and 
subsequent bone remodeling is slow. Vascular 
bundle implantation induces angiogenesis in isch-
emic or necrotic areas of bone (Hori et al. 1979, 
Tamai et al. 1993). However, revascularization is 
delayed and unreliable. Recently, some reports 
have shown that administration of a growth factor, 
such as vascular endothelial growth factor (VEGF) 
or fibroblast growth factor-2 (FGF-2), can acceler-
ate angiogenesis in necrotic bone when combined 
experimentally with vascular bundle implantation 
(Nakamae et al. 2004, Suzuki et al. 2004). 

Platelet-rich plasma (PRP) is obtained from 
autologous blood, and thus requires no special 
considerations concerning antibody formation or 
infection risk; it also contains large amounts of 
growth factors. 

We evaluated the possibility of accelerating 
angiogenesis in necrotic bone in a rabbit model 
using a combination of vascular bundle implanta-
tion and a single injection of PRP.

Animals and methods

Animals and experimental design (Figure 1)

We used adult male Japanese White rabbits weigh-
ing from 3.0 to 3.5 kg. All animals were housed 
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individually and fed a commercial diet. They were 
treated in accordance with the stipulations of the 
Experimental Ethics Committee for Experimental 
Animals at Hiroshima University and the protocol 
was approved by the institutional Committee for 
Animal Care and Use. 

The rabbits were divided randomly into experi-
mental and control groups with 12 animals in 
each group. Necrotic bone with a vascular bundle 
inserted was implanted subcutaneously, without 
(control group) or with (experimental group) the 
addition of PRP. Formation of new vasculature was 
assessed 1 and 2 weeks after surgery.

PRP preparation

10 mL of autologous whole blood was drawn from 
each rabbit and supplemented with 1 mL 3.8% 
citrate phosphate dextrose (CPD) to prevent coag-
ulation. The blood was centrifuged at 1,500 rpm 
(420 × g) for 10 min to separate the plasma contain-
ing platelets from red cells, and then centrifuged 
for an additional 5 min at 2,500 rpm (1,160 × g) to 
separate 1mL PRP from the platelet-poor plasma 
(PPP). 

Surgical procedure

Animals were anesthetized using a combination 
of intravenous sodium pentobarbital at 20 mg/kg 
body weight and intramuscular ketamine at 50 

mg/kg body weight. The right iliac crest was then 
exposed and a 2 × 2-cm segment was removed 
to create a nonvascularized bone graft. To ensure 
complete cellular necrosis, the bone was frozen 
for 5 min in liquid nitrogen (Malawer et al. 1988, 
Sunagawa et al. 2000). Meanwhile, the saphenous 
artery and its venae comitantes were exposed in the 
medial aspect of the right thigh and mobilized as a 
vascular bundle. A hole larger than the diameter of 
the saphenous bundle was then made in the bone 
graft and the bundle was passed through this hole. 
The bone was wrapped with a 0.3-mm-thick sili-
con sheet to prevent direct revascularization from 
the adjacent soft tissue and 1 mL PRP (experimen-
tal group) or 1 mL saline solution (control group) 
was then injected into the hole. The whole graft 
was then implanted subcutaneously in the thigh. 

Microangiography

In both groups, quantitative evaluation of neovas-
cularization was carried out 1 and 2 weeks after 
surgery. Latex contrast medium was infused by 
manual pressure through the femoral artery to ana-
lyze neovascularization, and the bone was decal-
cified by a modification of the Spalteholz bone-
clearing technique. 

Measurement of vessel density and length

An angiographic score was calculated as the ratio 

Figure 1. The experimental procedure. 
Blood was drawn off from each rabbit and 
anticoagulant was added. PRP was sepa-
rated by a two-step centrifugation proce-
dure. The necrotic bone was wrapped with 
a silicon sheet after injection of 1 ml of 
PRP into the hole, and it was then placed 
subcutaneously in the thigh.
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of circles crossed by opacified arteries divided by 
the total number of circles in each specimen, which 
reflects the vascular density of the specimen. The 
length of the newly formed vessels was measured 
at 10 points perpendicular to the implanted vascu-
lar bundle, at 2-mm intervals. 

Statistics

The Mann-Whitney U test was used for statistical 
evaluation. P-values less than 0.05 were considered 
to be significant.

Results

We observed neovascularization along the implanted 

vascular bundle in both the experimental and the 
control groups. At 1 week after surgery, invasion 
of newly formed vessels into the necrotic bone 
was clearly recognizable in both groups (Figure 
2). 2 weeks after surgery, neovascularization had 
increased in both groups (Figure 3). 

1 week after surgery, the mean angiographic 
score of the experimental group was higher than 
that of the control group (Figure 4). This difference 
was maintained at 2 weeks. 

The mean length of newly formed vessels at 1 
and 2 weeks after surgery was significantly higher 
in the experimental group than in the control group 
(Figure 5). 

Figure 3. Microangiography 2 weeks after surgery; newly formed vessels could be seen along 
the implanted vascular bundle in the control group (left panel) and in the experimental group 
(right panel). 

Figure 2. Microangiography 1 week after surgery; newly formed vessels could be seen along the 
implanted vascular bundle in the control group (left panel) and in the experimental group (right 
panel).
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Discussion

We found that PRP combined with vascular bundle 
implantation accelerates angiogenesis in necrotic 
bone. Blood platelets contain numerous substances 
that are capable of affecting angiogenesis, such 
as VEGF, FGF-2, PDGF, IGF-I, thrombospondin, 
endostatain, and PF-4 (Bennett et al. 2003). Such 
growth factors released from the platelets mainly 
promote angiogenesis. Nakamae et al. (2004) 
reported an acceleration of angiogenesis using a 
single injection of FGF-2 in the same experimental 
model as ours. VEGF has been shown to promote 
angiogenesis and healing of chronic wounds (Brill 
et al. 2004), and to aid in endochondral ossification 
(Maes et al. 2002). Suzuki et al. (2004) reported 
that local delivery of VEGF for 3 days after sur-
gery significantly improved surgical angiogen-
esis in necrotic bone during the first postoperative 
week. Although these reports have demonstrated 
that each growth factor individually upregulates 
angiogenesis, Yancoupoulos et al. (2000) reported 
that individual growth factors such as VEGF and 
bFGF induce the formation of immature leaky 
vessels and lead to inflammation, which results in 
pronounced tissue swelling and edema. It is now 
well established that angiogenesis is orchestrated 
by a variety of activators that sequentially coordi-
nate the complex series of events involved in new 
vessel growth. Brill et al. (2004) reported that the 
combined effects of FGF-2 and VEGF appear to 
be more crucial for the entire process of vessel 
formation than a single administration of FGF-2 
or VEGF alone. Since PRP contains these growth 
factors, it is reasonable to expect that PRP would 
promote more clinically applicable angiogenesis in 
necrotic bone. With regard to blood flow, we did 
not examine this in our study. However, using the 
same model, Suzuki et al. (2004) included admin-
istration of VEGF and showed that blood flow par-
allels vascular density. Since our study using PRP 
seems to have resulted in the formation of more 
mature vessels, we would expect similar results.

 Lynch et al. (1989) administered PDGF, IGF-
1, EGF, and FGF in various combinations to por-
cine skin wounds, to determine their effect on the 
wound-healing process. The synergy of PDGF and 
IGF-I was optimal at a ratio of 2:1 by weight, and 
this combination was superior to PDGF at 500 

Figure 5. Mean length of newly formed vessels at 1 and 
2 weeks after surgery. 1 week after surgery, the length 
of newly formed vessels in the experimental group (2.07 
mm (SE 0.65)) was significantly greater than in the control 
group (0.98 (SE 0.32)) (p = 0.03). At 2 weeks, the mean 
vessel length in the experimental group was 3.3 (SE 0.16) 
and it was 2.3 (SE 0.3) in the control group (p = 0.01).

Figure 4. Mean angiographic score at 1 and 2 weeks after 
surgery. 1 week after surgery, that of the experimental 
group was 0.31 (SE 0.039), higher than that of the con-
trol group (0.18 (SE 0.039)) (p = 0.05). This difference was 
maintained at 2 weeks, when the mean angiographic score 
of the experimental group was 0.54 (SE 0.033) and that of 
the control group was 0.34 (SE 0.063) (p = 0.02). 
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ng given alone. These results suggested that mul-
tiple growth factors formed a network, resulting 
in a synergistic effect. It is also more rational to 
expect synergy between these growth factors than 
to expect the same level of effect from any particu-
lar one. 

Various growth factors are being developed for 
clinical application. As these cytokines are obtained 
allogeneically, their clinical use requires caution. 
In contrast, PRP prepared from autologous blood 
requires no special considerations concerning anti-
body formation, the risk of infection or prior dis-
eases by agents such as HIV, hepatitis viruses, or 
prions, and contains large amounts of growth fac-
tors. In these respects, it is suitable as a source of 
growth factors for clinical use. 

Angiogenesis is the formation of new blood ves-
sels by a process involving proliferation and cyto-
taxis of vascular endothelial cells; it is controlled 
by growth factors and is under the influence of the 
vascular structure (Folkman and Klagsbrun 1987). 
It plays a critical role in the osteogenic process. 
The contribution of vascularization to normal 
osteogenesis was thoroughly studied by Trueta; 
this is described in his classic histological studies 
of the femoral head Trueta (1963). Early studies on 
revascularization of necrotic bone concentrated on 
direct implantation of blood vessels into an avascu-
lar graft of autogenous bone. Hori et al. (1979) first 
demonstrated the ability of an implanted vascular 
bundle to induce proliferation of blood vessels into 
the necrotic bone. Tamai et al. (1993) reported 
clinical cases of Kienbock’s disease treated by 
vascular bundle implantation. They showed that 
vascular bundle implantation was a useful pro-
cedure in treating the initial stage of Kienbock’s 
disease. However, none of these studies attempted 
to measure the rate or extent of angiogenesis quan-
titatively. 

The regeneration of necrotic bone requires the 
presence of existing vessels, a suitable scaffold, 
and appropriate cytokines. Our results demonstrate 
that combining vascular bundle implantation with 
a single injection of PRP into the necrotic bone 
accelerates angiogenesis in the bone. 
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