
Summary. Bone regeneration technique using allografts
is widely used in oral surgery to repair alveolar defects
and to increase alveolar volume for endosseous implant
insertions. Bone allografts promote the reabsorption and
neo-synthesis of bone tissue, which are regulated by
numerous cytokines, proteins and growth factors. In this
study, six patients with insufficient alveolar volume for
endosseous implant insertions, were treated with bone
regeneration technique using Fresh Frozen Bone (FFB)
allografts collected from the femoral head or the hip. 

Samples of bone graft collected during graft
insertion surgery and biopsies collected six months later
during implantology were fixed, decalcified and
analyzed histomorphologically and morphometrically by
haematoxylin-eosin staining. In addition, TGF-ß1 and
VEGF were analyzed by immunohistochemistry. 

The histological analysis of FFBs showed wide areas
of calcified bone organized in osteons intermingled with
areas of non-calcified matrix containing osteoblasts.
However, the regenerated alveolar bone, collected six
months after the graft insertion surgery, showed wide
areas of non-calcified matrix. TGF-ß1 and VEGF were
less expressed in FFB than in regenerated alveolar bone. 
Key words: Fresh Frozen Bone (FFB), Bone
regeneration, TGF-ß1, VEGF 

Introduction 

Bone regeneration using bone grafts is widely used
in oral surgery to repair small and medium size defects
and represents an auxiliary medical therapy for
endosseous implant insertion (Sanz Casado, 2002). Bone

graft substitutes induce or increase bone formation and
healing process (Gulaldi et al., 1998; De Biase et al.,
2005) promoting both osteogenesis and bone remodeling
(Hatano et al., 2004). Different bone graft materials are
used to correct alveolar defects: intra- or extra-oral
autologous bone, allografts, xenografts and alloplastic
grafts (Listgarten and Rosenberg, 1979; Simion and
Fontana, 2004; De Biase et al., 2005; Aguirre Zorzano et
al., 2007; Kao and Scott, 2007; de la Piedra et al., 2008,
Labanca et al., 2008). 

Bone graft materials can also be classified according
to their biological properties into: osteogenetic (Kao and
Scott, 2007; de la Piedra et al., 2008), osteoinductive
(Burchardt, 1983; Ripamonti and Duneas, 1998; Simion
and Fontana, 2004; Kao and Scott, 2007) and
osteoconductive biomaterials (De Biase et al., 2005;).
Only the autografts have these three properties, in fact
they contain both osteogenic cells and osteoinductive
growth factors; in addition they are an osteoconductive
scaffold (Adell et al., 1981; Hardesty and Marsh, 1990;
Giannoudis et al., 2005). However, the use of autografts
for bone regeneration therapy is limited by insufficient
sources and by the increase in patient morbidity (Aguirre
Zorzano et al., 2007).

Many clinical studies support allogenic bone use and
its potential to induce correct bone repair and
remodeling (Weyts et al., 2003; Faiella, 2007). Allogenic
bone is available in different forms, e.g., Freeze-Dried
Bone Allograft (FDBA), Decalcified Freeze-Dried Bone
Allograft (DFDBA), Fresh Bone (FB) and Fresh-Frozen
Bone (FFB) (Burchardt, 1983; Weyts et al., 2003; Kao
and Scott, 2007). 

FFB is collected from cadaver or live donors from
different anatomical areas in the first 12 hours after
donor death, or more frequently during total hip
replacement in patients, according to the standards of the
Musculoskeletal Council of the American Association of
Tissue Banks (AATB) and the European Association of
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Musculo Skeletal Transplantation (EAMST) (American
Association of Tissue Banks 2008; European
Association of Musculo Skeletal Transplantation 2008). 

FFB is immediately frozen at -80°C and stored for a
minimum of six months (Perrott et al., 1992; D’Aloja et
al., 2008; Stacchi et al., 2008).

FFB is frequently used by orthopaedic surgeons to
treat bone loss (Perrott et al., 1992; van Biezen et al.,
2000; Buma et al., 2001). This clinical succes has led to
FFB use in oral surgery and in dental-regenerative
techniques to increase maxillary volume and so support
loaded endosseous implants (Heyligers and Klein-
Nulend, 2005; Stacchi et al., 2008).

The FFB obtained from the Lombardia Tissue Bank
is a mineralized, non-irradiated, disinfected and frozen
allograft, but in many papers the allografts were treated
with 25 KGY of X-ray as reported (Rawashdeh et al.,
2008).

The main advantages of the use of this material are
low morbidity, shorter surgical times, greater availability
and good osteoconductive properties (D’Aloja et al.,
2008; Stacchi et al., 2008). Even if there are not many
works regarding FFB, this allograft seem to have
osteoinductive properties, due to the presence of Bone
Morphogenetic Proteins (BMPs) in non-calcified matrix
(Lalani et al., 2003; Board et al., 2008).

The disadvantages of FFB are the potential risk of
disease transmission (Perrott et al., 1992), due to viral,
bacterial or oncogenetic contaminants (Stacchi et al.,
2008) and of immunological reaction (Köndell et al.,
1996). These risks are minimized using the freezing
technique, inducing cell death through the disruption of
the cell membranes as a result of ice crystal formation
(Stacchi et al., 2008). In this way, the graft becomes inert
and non viable, and well accepted by the recipient host
without immunological reaction (Köndell et al., 1996).
Nevertheless, some authors showed viable cells in the
graft after freezing treatment (Simpson et al., 2007). In
addition, some authors suggest that fast freezing using
the cryoprotective substance dimethyl sulfoxide
(DMSO) should be a promising mean of improving
immune tolerance to allograft bone and enhance
biological function by maintaining viable cells and
promoting cell growth (Heyligers and Klein-Nulend,
2005; Egli et al., 2006; de la Piedra et al., 2008). There
are few studies reporting the clinical effect of FFB grafts
in oral maxillo-facial surgery (D’Aloja et al., 2008). 

Several cytokines, proteins, proteases, growth
factors and angiogenetic factors play a role in bone
regeneration after allograft insertion. However, their
exact activity, signaling pathways and regulating
mechanisms are not completely understood. 

Transforming Growth Factor-beta 1 (TGF-ß1) and
Vascular Endothelial Growth Factor (VEGF) appear to
play a pivotal role in new bone formation. 

Mammalian bone cells synthesize TGF-ß and store it
in an inactive form into non-calcified matrix (Hauschka
et al., 1988; Centrella et al., 1991; Zimmermann et al.,
2005). As a consequence of bone injury, the inactive

form is released and converted to an active form
(Centrella et al., 1991) that induces the expression of
BMPs 1-8, Growth Differentiation Factor -1, -5, -8, -10
and TGF-ß1, -ß2 and -ß3, by binding its own receptors.
In the end the effects influence cell growth and
differentiation.

TGF-ß1 is a multi-functional growth factor member
of the TGF-ß superfamily (Joyce et al., 1990a,b;
Bostrom, 1998; Ozkan et al., 2007); it is involved in the
proliferation of osteoblasts, osteoclasts, chondrocytes
and mesenchymal bone-precursor cells (Joyce et al.,
1990b; Zimmermann et al., 2005). It stimulates the
synthesis of bone matrix proteins, such as collagen I, II,
III and IV (Campbell and Katawa, 1997; Dubois et al.,
2001), fibronectin, matrix-metalloproteinases,
angiogenetic factors (VEGF and Fibroblasts Growth
Factor) (Takeuchi and Shidou, 1993; Chua et al., 2000;
Lalani et al., 2003; Chen et al., 2004) and BMPs (Sun et
al., 1997; Ozkan et al., 2007; Board et al., 2008) and
accelerates fracture healing by chemotaxis and
osteoblast stimulation (Lind, 1998). All these potential
effects have an important role in the early phases of bone
regeneration. 

VEGF is a polypeptide that stimulates new blood
vessel formation (Tanaka et al., 2007) through the
induction of endothelial cell proliferation (Kleinheinz et
al., 2005), differentiation and migration (Dagtekin et al.,
2003), playing a role in angiogenesis (Lalani et al.,
2005). 

During osteogenesis, VEGF and its receptors have
been found in endothelial cells, osteoblasts, osteoclasts
and chondrocytes (Huebsch and Hansen, 1969; Orgill
and Demling, 1988; Hollinger et al., 1996; Wong et al.,
1996). The direct roles of VEGF during bone formation
have been demostrated by several in vitro and in vivo
studies (Chen et al., 2004; Lalani et al., 2005),
suggesting that VEGF enhances osteoblast
differentiation, migration and activity (Wong et al.,
1996) and osteoclast recruitment (Lalani et al., 2005). So
it is able to enhance capillary density (Geiger et al.,
2005) playing an important role in angiogenesis
associated with osteogenesis (Dagtekin et al., 2003;
Chen et al., 2004; Mori et al., 2006). In addition,
osteoblasts produce VEGF that enhances differentiation
of the osteoblasts themselves (Deckers et al., 2000).
TGF-ß1, TGF-α and Endothelial Growth Factor are also
involved in regulating osteoblast VEGF expression
(Chua et al., 2000) through the up-regulation of BMPs. 

On the basis of these considerations, TGF-ß1 and
VEGF are fundamental in bone regeneration following
graft insertion surgery.

There are few histological studies about FFB
applications in oral-maxillo-facial surgery and no data
are available about TGF-ß1 and VEGF immunohisto-
chemical analyses, so the aims of this study were to
evaluate: 1) bone regeneration after FFB insertion and 2)
spatial localization and histomorphometric levels of
TGF-ß1 and VEGF both in the grafts before the insertion
and in alveolar bone six months after graft insertion. 
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Materials and methods

Six patients (3 females and 3 males, aged between
35-60 years) were studied. The patients were treated
over a 3-year period (2005-2008) in the Unit of Oral
Surgery, Department of Dentistry and Stomatology, ICP
Hospital, University of Milan, Italy. All patients needed
endosseous implant insertions and had insufficient
alveolar bone volume. All patients were systemically
healthy at the time of surgery. 
Surgical protocol 

All patients were operated on graft and implant
insertions by the same surgical team (three surgeons).

Five patients were treated with maxillary sinus
augmentation procedures and with onlay-grafts to
increase alveolar volume using FFB, collected from the
cancellous block of femoral heads (2 patients) or
cortical-cancellous hip bone (3 patients); one patient was
treated to repair bone defect after cistectomy with FFB
collected from femoral head. All FFB grafts were
obtained from the muscular-skeletal tissue bank:
Orthopaedical Insitute “Gaetano Pini”, Milan, Italy. 

After the elevation of a mucoperiosteal flap, FFBs
were inserted and fixed using a rigid fixation method
(Fig. 1A,B). The grafts were collected from a single
donor and were then assigned randomly to the patients. 

In all cases non-reasorbable sutures were used and
removed after 7-14 days. All patients received
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Fig. 1. FFB grafts as on-lay augumentation fixed to the maxilla during regenerative surgery. A. Femoral head graft; B. Hip bone graft (iliac crest).

Fig. 2. Surgical reopening six months after implant placement. A. Femoral head graft; B. Hip bone graft (iliac crest).



Ampicillin (2 g) intravenously at the time of induction
and Amoxicillin with Clavulanic acid (1 g) every 8
hours for 7 days. 

After six months, the rigid fixations were removed
and the patients were submitted to implant surgical
therapy using a trephine device (Komet, Milan, Italy) to
prepare the implant site, so were collected the alveolar
regenerated bone biopsies. 

During this surgery, a clinical evaluation of
regenerating bone was made by estimating the bone
resorption level with respect to the head of the screw,
used for fixing grafts (Fig. 2A,B). A value of 1 mm or
less indicates that the grafted alveolar bone covers the
screw apex, while a value higher than 1 mm indicates
that the screw apex is completely covered by the grafted
alveolar bone. 

In addition, the reabsorption of elevated sinus floor
six months after implant insertion (1 year after graft
insertion surgery) was evaluated by analyzing
radiographically the level of elevated sinus floor with
respect to the apex of the implant according to Hatano et
al. (2004). 

All observations were made independently by the
three surgeons. We assumed that the observations were
correct if there was complete concordance among all
surgeons. 
Biopsy

In this study we analyzed the FFB grafts (G),
collected during graft insertion surgery, and alveolar
biopsies (A), collected six months after the FFB
insertion. FFBs were taken from femoral heads (GF) or
from hip bone (iliac crest) (GH). The grafts were then
cut into a cube of 10 mm3 using a low-speed handsaw.
The cubes were then cut in line with the axis of the
femoral neck or in the lateral side of the iliac bone. Six
months after graft insertions, the alveolar regenerated
bone samples were collected near the midline on the top
of the bone graft, during implantology. The biopsies of 2
mm diameter and 5 mm length was made from the
external surface of the graft to native bone. All biopsies
were fixed in 10% neutral formalin for 48 h and then
decalcified in Osteosoft (Merk, Darmstadt, Germany). 

The decalcified specimens were dehydrated by
multiple graded alcohol solutions followed by xylene
and then embedded in paraffin wax using a routine
protocol. Twenty serial sections (7 µm thick) of each
biopsy were cut using a microtome (Microm HM 325). 
Histological analysis

Alternate sections were stained with haematoxylin-
eosin (five sections for each biopsy) and with Van
Giesson staining (five sections for each biopsy). The
heamatoxylin-eosin staining showed bone tissue
morphology, while collagen fibres in bone sections were
detected using Van Giesson staining. Before both

stainings the sections were hydrated in graded alcohol
solutions. In particular, they were stained in
heamatoxylin for 10 minutes, washed in tap water and
then stained in eosin for 1 minute. For Van Giesson
staining, the hydrated sections were immersed in iron-
heamatoxilyn for 10 minutes, rinsed with tap water and
then stained in Van Giesson solution (picric acid and
acid fuchsin 1%, 1:10) for 5 minutes. 
Immunohistochemical analysis

Alternate sections (five sections for all biopsies)
were immersed in 3% hydrogen peroxide in methanol
for 30 minutes to block endogenous peroxidase activity.
The sections were then incubated with normal goat
serum (Vector anti-rabbit) for 60 minutes and
successively with polyclonal anti-TGF-ß1 (TB21: sc-
52893, Santa Cruz Biotechnology) and anti-VEGF (A-
20: sc-152, Santa Cruz Biotechnology) diluited 1:50 in
PBS containing 3% normal goat serum and 0,1% Triton
X-100 for 1 hour at room temperature and overnight at
4°C. After incubation in the primary antiserum, the
sections were sequentially incubated with biotinylated
anti-rabbit immunoglobulins (Vector anti-rabbit) and
avidin-biotin peroxidase complex (Vector Labs,
Burlingame, CA) and then stained in a solution of 0,05%
3-3-diaminobenzidine tetrahydrochloride (DAB 5 mg/10
ml PBS) (Sigma). Negative control of immunohisto-
chemistry was performed by omitting the primary
antibody solution and incubating the sections with non-
immune goat serum. 
Histomorphometric analyses 

Ten fields randomly selected from each section, five
in the apical area and five in the crestal area, were
analyzed and the percentange of calcified bone and non-
calcified matrix were evaluated in haematoxylin-eosin
staining; the same method was used to measure TGF-ß1
and VEGF percentage of stained area in immunohisto-
chemical analyses. 

Digital pictures were taken using a light microscope
(Olympus, Germany) and then the percentage of area
was calculated using an image analyzer (Image-Pro Plus
4.5.1, Immagini e Computer, Milan, Italy) that quantizes
the levels of positive immuno-label in each field, as
previously described (Chen et al., 2004; Lalani et al.,
2005). The analyses were made by two blinded
investigators. We assumed that the evaluations were
correct if there were no statistically different values
between the investigators. 
Statistical analysis

The results were expressed as mean ± standard
deviation (SD). All data were analyzed by ANOVA and
Bonferroni’s test. A p-value less than 0,05 was
considered statistically significant. 
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Results

Clinical results 

The clinical results showed an evident restoration of
alveolar bone morphology and volume. There were no
signs of complications such as infection, edema, soft
tissue laceration or abscess in any patients. We observed
only inflammation and swelling processes, mainly due to
the surgical procedure. 

Bone regeneration was evaluated, during implant
placement, by the same surgeons that made graft
insertion and it was observed both in patients treated
with femoral head and in patients treated with hip bone.
The regenerated alveolar bone induced by femoral grafts
appeared more vascularized and it showed a well evident

bleeding. On the contrary, in the patients receiving hip
graft (iliac crest), bleeding was less evident. 

Femoral FFB allografts were completely integrated
and it was not possible to distinguish the residual FFB
from the preexisting bone; on the contrary, in patients
with hip allograft were observed residual cortical FFB.
Only two patients showed a partial reabsorption of the
onlay mandible graft and no significant reabsorption was
detected in sinus elevation. 
Histological results and histomorphometric results 

The analysis of femoral heads and hip bones showed
wide areas of calcified bone, containing numerous
osteocytes, organized into osteon systems. In addition,
we found some areas of non-calcified matrix containing
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Fig. 3. Haematoxylin-eosin stains and histomorphometric analyses of FFB allografts (GF; GH) and of alveolar bone samples taken six months after
graft insertions (AF; AH). The arrows indicate the osteoblast secreted osteoid, organic bone matrix (m); while the arrowheads indicate osteocytes in the
regenerated calcified bone (b). The graph shows the comparison between the percentange of area of non-calcified matrix and of calcified bone both in
graft and alveolar samples. Bar: 20 µm.



osteoblasts. In particular, hip grafts showed less non-
calcified matrix than femoral bones (GF).

Six months after graft insertions, the regenerated
alveolar bone showed good bone quality and wide areas
of bone regeneration both in patients receiving femoral
bone and hip bone. These areas of matrix are more
evident in femoral bone (Fig. 3). In particular,
haematoxylin-eosin staining showed calcified bone areas
stained in pink/fuchsia and non-calcified matrix stained
in blue/violet. 

We did not find inflammatory cells in any samples.
All bone defects were partially healed by bone
formation. 
Immunohistochemical and histomorphometric results

We did not find any significant differences between
apical and crestal area. TGF-ß1 and VEGF were present

in all studied bone samples. The immunohistochemical
analysis showed that both growth factors are localized
only in the bone non-calcified matrix in FFB grafts and
regenerated alveolar bone. In particular, TGF-ß1 and
VEGF have a high immunoreactivity in the regenerated
alveolar bone compared with FFB grafts (Figs. 4, 5)
without significant difference between patients treated
with femoral bone or hip allograft.

The quantitative data of TGF-ß1 and VEGF stained
area are reported in Figs. 4, 5. 
Discussion 

Bone regeneration using allografts is characterized
by a simultaneous process of reabsorption and neo-
synthesis of bone tissue. Since there are no data
regarding alveolar bone regeneration after FFB insertion
in human, in this study we showed that FFB allografts
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Fig. 4. TGF-ß1 immunohistochemistry and histomorphometric analyses of FFB allografts (GF; GH) and of alveolar bone samples taken 6 months after
graft insertions (AF; AH). The arrows indicate the osteoblast secreted osteoid, organic bone matrix (m); while the arrowheads indicate osteocytes in the
regenerated calcified bone (b). The graph shows the percentange of area of TGF-ß1 both in graft and alveolar samples. Bar: 20 µm.



are useful to increase alveolar volume for six months
after femoral head or hip allograft insertion. 

Hip bone grafts do not seem to be completely
substituted by neo-synthetized bone at the external
cortical bone level, probably because cortical bone of
hip graft was more compact than cancellous bone of the
femoral head (Dragoo and Sullivan, 1973a,b). 

Nevertheless, with both grafts we observed a good
bone consistence that permits a correct implant insertion. 

Morphometrical analysis showed that FFB grafts
contain less non-calcified matrix than alveolar bone; this
could relate to the regeneration process, induced from
the FFB graft during alveolar bone regeneration. 

We also analyzed the localization and the
histomorphometric levels of two growth factors, TGF-ß1
and VEGF, which stimulate the neo-synthesis and
regeneration of bone tissue, influencing osteoconduction

and osteoinduction properties of grafts. 
These factors are localized in the non-calcified

matrix, which provides a scaffold for the mineralization
process and plays a fundamental role in the subsequent
incorporation of grafts and in bone regeneration process.
This finding is in agreement with that observed in
animal studies (Lalani et al., 2003, 2005). 

We showed for the first time that both TGF-ß1 and
VEGF are present in the non-calcified matrix of both
FFB grafts, even if in a small amount. These data are in
agreement with the results of Lalani et al. (2003, 2005)
and suggest that the grafts possess an intrinsic growh
factor pattern that could act on resident osteoblasts to
induce new bone formation.

In addition, it is evident that both femoral head and
hip grafts induce the synthesis of TGF-1ß and VEGF
from osteoblasts of alveolar bone, without significant
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Fig. 5. VEGF immunoistochemistry and histomorphometric analyses of FFB allografts (GF; GH) and of alveolar bone samples taken 6 months after
graft insertions (AF; AH). The arrows indicate the osteoblast secreted osteoid, organic bone matrix (m); while the arrowheads indicate osteocytes in the
regenerated calcified bone (b). The graph shows the percentange of area of VEGF both in graft and alveolar samples. Bar: 20 µm.



differences between femoral and hip bone. 
In conclusion, our study suggests that FFBs, from

femoral head and hip, are useful in oral maxillo-facial
surgery to increase or reconstruct the athropic jaw and to
support loaded endosseous implants, as they are
bioactive materials that promote new bone formation
involving TGF-ß1 and VEGF. 

The main advantages of FFBs are low morbidity,
short surgical time and greater availability (D’Aloja et
al., 2008). It will therefore partially replace autogenous
bone, used as gold standard in dentristry (Faiella, 2007;
de la Piedra et al., 2008). The preparation tecnique of
FFBs decreases antigenicity and the risk of disease
transmission (Perrot et al., 1992), so allogenic bone has a
very minimal risk of disease transmission. However,
further experimental studies involving many patients are
required to confirm our hypothesis and to evaluate long
term maintenance of implant success after FFB insertion. 
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