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Abstract A bone defect can be provoked by several
pathological conditions (e.g. bone tumours, infections,
major trauma with bone stock loss) or by surgical proce-
dures, required for the appropriate treatment. Surgical
techniques currently used for treating bone defects may
count on different alternatives, including autologous vas-
cularized bone grafts, homologous bone graft provided by
musculoskeletal tissue bank, heterologous bone graft
(xenograft), or prostheses, each one of them dealing with
both specific advantages and complications and drawbacks.
The main concerns related to these techniques respectively
are: donor site morbidity and limited available amount;
possible immune response and viral transmission; possible
animal-derived pathogen transmission and risk of immu-
nogenic rejection; high invasiveness and surgery-related
systemic risks, long post-operative. physical recovery and
prostheses revision need. Nowadays, an ideal alternative is
the use of osteoconductive synthetic bone substitutes.
Many synthetic substitutes are available, used either alone
or in combination with other bone graft. Synthetic bone
graft materials available as alternatives to autogeneous
bone include calcium sulphates, special glass ceramics
(bioactive glasses) and calcium phosphates (calcium
hydroxyapatite, HA; tricalcium phosphate, TCP; and
biphasic calcium phosphate, BCP). These materials differ
in composition and physical properties fro each other and
from bone (De Groot in Bioceramics of calcium phosphate,
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pp 100-114, 1983; Hench in J Am Ceram Soc 74:1487-
1510, 1994; Jarcho in Clin Orthop 157:259-278, 1981;
Daculsi et al. in Int Rev Cytol 172:129-191, 1996). Both
stoichiometric and non-stoichiometric HA-based substi-
tutes represent the current first choice in orthopedic sur-
gery, in that they provide an osteoconductive scaffold to
which chemotactic, circulating proteins and cells (e.g.
mesenchymal stem cells, osteoinductive growth factors)
can migrate and adhere, and within which progenitor cells
can differentiate into functioning osteoblasts (Szpalski and
Gunzburg in Orthopedics 25S:601-609, 2002). Indeed, HA
may be extemporarily combined either with whole autol-
ogous bone marrow or PRP (platelet rich plasma) gel inside
surgical theatre in order to favour and accelerate bone
regeneration. A case of bifocal ulnar bone defect treated
with stoichiometric HA-based bone substitute combined
with PRP is reported in here, with a 12-month-radiographic
follow-up.

Keywords Bone defect - Hydroxyapatite -
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Introduction

A bone defect can be provoked by several pathological
conditions (e.g. bone tumours, infections, major trauma
with bone stock loss) or by surgical procedures, required
for the appropriate treatment. Surgical techniques currently
used for treating bone defects may count on different
alternatives, including autologous vascularized bone grafts,
homologous bone graft provided by musculoskeletal tissue
bank, heterologous bone graft (xenograft), or prostheses,
each one of them dealing with both specific advantages and
complications and drawbacks. The main concerns related
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Fig. 1 Right Monteggia’s
injury, ulnar bifocal exposed
fracture (IIIB degree) with wide
contamination

to these techniques respectively are: donor site morbidity
and limited available amount; possible immune response
and viral transmission; possible animal-derived pathogen
transmission and risk of immunogenic rejection; high
invasiveness and surgery-related systemic risks, long post-
operative. physical recovery and prostheses revision need.

Nowadays, an ideal alternative is the use of osteocon-
ductive synthetic bone substitutes. Many synthetic substi-
tutes are available, used either alone or in combination with
other bone graft. Synthetic bone graft materials available as
alternatives to autogeneous bone include calcium sul-
phates, special glass ceramics (bioactive glasses) and cal-
cium phosphates (calcium hydroxyapatite, HA; tricalcium
phosphate, TCP; and biphasic calcium phosphate, BCP).
These materials differ in composition and physical prop-
erties from each other and from bone [1-4]. Both stoichi-
ometric and non-stoichiometric HA-based substitutes
represent the current first choice in orthopedic surgery, in
that they provide an osteoconductive scaffold to which
chemotactic, circulating proteins and cells (e.g. mesen-
chymal stem cells, osteoinductive growth factors) can
migrate and adhere, and within which progenitor cells can
differentiate into functioning osteoblasts [5]. Indeed, HA
may be extemporarily combined either with whole autol-
ogous bone marrow or PRP (platelet rich plasma) gel inside
surgical theatre in order to favour and accelerate bone
regeneration.

A case of bifocal ulnar bone defect treated with stoi-
chiometric HA-based bone substitute combined with PRP
is reported in here, with a 12-month-radiographic follow-

up.
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Clinical case

A 55-year-old male was admitted in our Emergency Room
in August 2005. He was a poly trauma patient, due to work
accident, with multiple and diffuse penetrating wounds,
severe chest trauma, right Monteggia’s injury, ulnar bifocal
open fracture (grade IIIB) and severely contaminated
(Fig. 1a, b).

Surgical debridment, reduction and stabilization with an
external fixator were immediately performed, but the
external fixator was removed 20 days after surgery because
of a bone/pin interface absorption. Skin and bone necrosis
(at proximal ulna) also occurred. Both local tissues con-
ditions and blood tests revealed a infection. For this reason,
5 cm long necrotic ulnar segment and radial head were
resected and local antibiotic therapy (gentamycin beads)
was administered into the ulnar bone loss. The wound was
then covered by an autologous myocutaneous flap and an
articulated elbow external fixation was applied to provide
stability (Fig. 2a, b).

E.v. antibiotic therapy based on clindamycin and gen-
tamycin was administered since admission, according to
the standard surgical protocol for open fractures. After-
wards, on the basis of microbiological analysis results,
antibiotic therapy was replaced by ciprofloxacin and ceft-
azidime followed by i.m. injection of teicoplanin and oral
rifampicin for 45 days at a therapeutic range.

Two months after primary surgery, inflammatory field
and blood laboratory parameters were normalized and skin
conditions became satisfying, showing no persisting infec-
tion. Gentamycin beads were removed and the bone gap was
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Fig. 2 a Wound covered by
cutaneous preformed flap,
articulated elbow external
fixation applied to ensure
stability. b Ulnar necrotic
segment and radial head were
resected. ¢ Gentamycin ball
chains was put inside the ulnar
bone loss

filled with a custom-made 5 cm-long cannulated cylindrical
highly porous (90%) scaffold, made up of biomimetic stoi-
chiometric hydroxyapatite (HA) (Fin-Ceramica Faenza
S.p.A.). The bone graft substitute consisted in a sterile cyl-
inder made up of highly porous (90%) hydroxyapatite, with
an external diameter of 1.6 cm and an inner diameter of
0.8 cm. The pores size diameter ranged from 200 to 500 pm
(macroporosity), whereas the interconnection pores ranged
from 80 to 200 um (microposity). The cylinder was cus-
tomized on patient needs, acquiring CT-scan image of the
bone gap few weeks before the implant. The scaffold
exhibited a compressive strength of 1.5 MPa, which is lower
than human cancellous bone one [6]. In order to fix and
stabilize the customized the siynthetic bone graft between
proximal and distal bone remains, an intra-medullary
Kirshner-wire (K-wire) was applied. To improve the healing

process, the porous hydroxyapatite cylinder was loaded with
autologous platelet rich plasma (PRP gel) (Fig. 3a—c).

Unfortunately, an additional fracture occurred during
surgery in the proximal part of the bioceramic bone graft,
therefore an immobilization of the elbow for 5 weeks was
needed, by using an external orthesis hardware.

Two months after surgery K-wire was removed, but
3 weeks later a non-union was found at the proximal bone-
graft interface, with loss of alignment. During the surgical
revision, graft osteointegration was observed both at
proximal and distal interfaces, with neo-vascularisation of
the graft, coming from muscle connection. Migration and
loss of alignment appeared where graft fracture previously
occurred.

A rigid fixation with cortical LCD plate and screws was
performed and additional PRP was introduced (Fig. 4a, b).
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Fig. 3 a Gentamycin beads
removal and bone defect filling
with a 5 cm long-"custom-
made” cannulated HA-based
cylinder, fixed with an
intramedullary K-wire; b bone
substitute loaded with PRP;

¢ post-operative. X-ray

At the end of surgery, an elbow articulated tutor was
applied in order to ensure the highest protection. Post-
operative course was regular without any sign of infection.

Thirty weeks after second surgery and one year since the
trauma occurred, standard X-ray examination and 2D CT
scan confirmed proximal and distal graft good osteointe-
gration, with complete fracture healing (Fig. 5). Functional
recovery was almost complete (Fig. 6).

Discussion

Bone defects treatments include many different surgical
techniques and options, each with specific disadvantages
and complications.

From a biological and an economical standpoint, the
autologous vascularized bone graft is currently defined as
gold standard, since it is not associated with any immu-
nological related adverse reactions and possesses osteo-
conductive, osteoinductive and osteogenic potential. On
the other side, long operating time, technically demanding
surgical treatments and donor site specific morbidity
represent the most concerning drawbacks. Moreover, it is
difficult to obtain sufficient amount of bone tissue when a
major bone loss stock has to be treated and an overall
high incidence of complications is reported in literature
[7-10].

@ Springer

Homologous bone grafts provided by accredited mus-
culoskeletal tissue banks are not associated to donor site
morbidity, and are available in sufficient amount; however,
allogenic bone graft can elicit host’s immune reactions and
may increase the risk of infection. Heterologous grafts are
associated with possible pathogen transmission and risk of
immunogenic rejection; furthermore, graft integration
requires longer time, with increased risk of fracture [11].

Different synthetic biomaterials have also been investi-
gated and proposed as bone substitutes: calcium phosphate-
based implants have the most similar composition to
human bone, in particular those made of hydroxyapatite
(HA) which usually show a calcium/phosphate (Ca/P) ratio
of 1:67.

Synthetic hydroxyapatite exhibits a higher biocompati-
bility as it does not evoke any inflammation, immune
reactions or infections and is gradually degraded through
cellular phagocytosis and extracellular dissolution pro-
cesses [12]. In addition, this material is always widely
available and, thanks to its own structural and physico-
chemical peculiarity, is characterized by high osteocon-
duction and osteopromotion. Indeed, porous HA provides
an excellent environment for cells migration from host
bone tissue, colonization, growth and eventually cells
differentiation.

Osteoconduction is proportional to porosity and it
improves in presence of an higher degree of total
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a

Fig. 4 a Rigid internal osteosynthesis with plate and screws and
further PRP apposition. b X-ray after the revision surgery

porosity with a bimodal distribution (macro- and micro-
porosity) [13, 14]. High porosity and presence of inter-
connections help new bone formation, osteoprogenitor
cells distribution and neoangiogenesis [15], otherwise
osteoconduction decreases when magnesium and car-
bonic impurities are present inside bioceramic scaffolds
[16]. On the other hand, low scaffold density causes a
reduction of bone substitute mechanical strength and an
increase of graft fracture risk. For this reason, a fracture
occurred inside bio-ceramic graft implanted in our
patient during surgery and lead to the loss of alignement
and delayed union.

Despite of being osteoconductive, the HA is not osteo-
inductive: in order to achieve a satisfying bone ingrowth,
further factors should be added, such as multipotential
stromal stem cells or PRP growth factors [17].

Several studies carried out on bioceramic scaffold
implanted under myocutaneous flap of athymic mice,
showed that new bony tissue was produced only in the
hydroxyapatite cylinder loaded with bone marrow stromal
cells, whereas in the control acellular scaffold a new-vas-
cularization with mesenchimal tissue formation was
noticed [18, 19]. Another study showed that when an HA-
based scaffold was used to fill a surgically induced bone
stock loss in a sheep model, new bone formation was
evident also in the non-loaded cylinder [15].

Kon et al. in 2000 proved that whereas in scaffold loa-
ded with bone marrow stromal cells the new bony tissue
was observed in the macroporous and on the cylinder
surface, in the scaffold without stromal cells loading bone
formation was limited to the external surface and the bone
scaffold unit mechanical strength turns out inferior [20].

Many authors have studied the effect of different growth
factors on marrow stromal cells proliferation and differ-
entiation: Martin et al. showed that FGF-2 promotes bone
marrow stromal cells proliferation in vitro, maintaining
cells in a more immature state. Moreover, they found out
that combination between stromal cells and bio-ceramic
scaffold allowed cells in vivo differentiate and form bone
tissue [21].

Therefore, HA, whose chemical composition is very
similar to the inorganic component of human bone, may be
used in regenerative medicine with the purpose of either
filling bone defect (osteoconductive function), carrying
growth factors (osteoinductive potential) or cells (osteo-
genic potential) [22]. The hydroxyapatite scaffold is man-
ufactured in different shapes and dimension/volumes:
paste, granules or chips, blocks and cylinders, even cus-
tomized or loaded with cells or antibiotics.

HA used in case of limited bone defect has been studied
by several authors and in different fields, such as odonto-
stomatology [23, 24], neurosurgery [25-27], and particu-
larly orthopaedics [28, 29]. For instance, metaphyseal
defects resulting from reduction of tibia compression
fracture [30, 31] and bone cavities caused by courettage of
benign tumour [32, 33] can be successfully filled with HA
graft. Moreover, osteomyelitic cavities following surgical
debridment can be packed with HA blocks combined with
antibiotics powder; femoral peri-prosthetic bone defects
can be reconstruct using HA granules to limit the amount
of allogenic tissue required to increase stability in case of
femoral revision arthroplasty [34, 35].

On the contrary, only few papers describe the clinical
use of massive graft made of HA-based scaffolds. Marcacci
et al. treated four patients affected by massive segmental
bone defect, through a bio-engineered tissue approach:
mesenchymal stem cells were collected from autologous
bone marrow were first in vitro culture expanded, then
loaded into bioceramic scaffold [29]. Authors published
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Fig. 5 Thirty weeks after
second surgery and 1 year since
the trauma occurred, standard
X-ray and 2D CT scan
confirmed proximal and distal
graft osteointegration, with
fracture healing

Fig. 6 Functional recover was
almost complete
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very promising short- [28] and long- [29] term results: total
absence of complication and adverse events related to the
bio-ceramic, evidence of a complete bone-scaffold union,
long-term clinical and radiographic effectiveness (up to
7 years follow-up).

The patient we have treated was affected by severe open
ulnar fracture combined with contamination and necrosis
of soft tissue, periosteal devascularisation, and consequent
bone necrosis whose debridment provoked a 5 cm-long
bone defect.

Nowadays, combination of mature stromal cells and
HA-based scaffolds represent the most useful tissue
regeneration approach to be used in a clinical setting:
unfortunately, when a considerable amount of progenitor
stem cells is needed, it is rather difficult to keep cells in an
in vitro undifferentiated stage and consequences of their in
vivo implantation are not totally known.

Therefore, the HA-based scaffold we decided to implant
was not loaded with marrow stromal cells, but just PRP,
which is rich in growth factors and can stimulate bone
ingrowth. The clinical use of HA to fill bone defects and
then induce an effective tissue regeneration has been dee-
ply studying in last years and future prospective sounds
very promising.

Conflict of interest statement The authors declare that they have
no conflict of interest related to the publication of this manuscript.
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