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SUPPLEMENT ARTICLE

Autologous Bone Graft: Properties and Techniques
Hans Christoph Pape, MD,* Andrew Evans, MD,† and Philipp Kobbe, MD*

Summary: Bone grafting is involved in virtually every procedure in
reconstructive orthopaedic surgery. Although autologous bone grafts
have excellent biologic and mechanical properties, considerable
donor site morbidity and the limited volume available must be taken
into consideration. Currently, there are no heterologous or synthetic
bone substitutes available that have superior biologic or mechanical
properties. This review article summarizes the biologic and
mechanical properties of autologous bone grafts, differentiates
various autologous bone graft types, and compares them with other
bone substitutes.
Key Words: autologous bone grafting, tricortical graft, properties of
bone, cancellous bone graft
(J Orthop Trauma 2010;24:S36–S40)

INTRODUCTION
With more than half a million grafting procedures
annually, autologous bone is the second most commonly
transplanted tissue in the United States.1–5 The success of
autografts in the treatment of nonunions is well established. In
the tibia, union rates of more than 90% have been reported
using iliac crest bone graft in a mechanically stable
environment.6–8 Similar success rates have been documented
in the treatment of diaphyseal nonunions at other sites.9,10 In
posterior cervical fusions, successful fusions in 92% to 100%
of patients have been reported when using autologous iliac
graft.11 In addition, iliac crest bone grafting has been
successful in treating recalcitrant12,13 and infected14,15 nonunions as well as completing the healing at the docking site of
nonunions treated with distraction osteogenesis.16
In addition to its volume effect, the biologic properties
of grafts in terms of new bone formation are essential.2
Autologous bone graft continues to represent the gold standard
for management of bone defects or nonunions. It possesses
biologic advantages over heterologous and synthetic bone
substitutes as a result of its excellent combination of
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osteogenic, osteoinductive, and osteoconductive properties.2
Furthermore, tricortical grafts can be used to improve the
immediate strength of constructs (‘‘bioplating’’). This combination of biologic and mechanical properties has not yet been
achieved by heterologous or synthetic bone substitutes.

Properties of Autologous Bone Grafts
Osteogenetic Properties
In general, osteogenetic properties are induced by
osteogenic precursor cells and osteoblasts within a graft. In
autologous bone, histoincompatibility with cell degeneration
is not an issue. Nevertheless, an interindividual variability of
the osteogenic potential does exist. Genetic factors may play
a role and age of the donor has been identified as an important
variant.17,18 Furthermore, the osteogenetic properties may be
compromised by the techniques of graft preparation with
osteonecrosis being a major complication.11 Careful harvesting and implantation techniques are therefore important along
with short harvest-to-implant time and adequate interim
storage.11

Osteoinductive Properties
The osteoinductive properties of a graft depend on the
availability of growth factors. In fresh autologous grafts,
several growth factors are detectable.19 Among these are
members of the transforming growth factor-b superfamily (eg,
bone morphogenetic protein [BMP]-2, BMP-4), angiogenic
factors such as fibroblast growth factor and vascular
endothelial growth factor, and platelet-derived growth factor
and insulin growth factor I, which have migratory and
differentiating effects on cells. In contrast, in demineralized
freeze-dried allografts, neither BMP-2 nor BMP-4 are
present.20

Osteoconductive Properties
Osteoconductive properties depend on the threedimensional structure of the graft and determine the velocity
of osteointegration. This is well illustrated when comparing
the osteointegration between dense cortical grafts and highly
porous cancellous grafts: the cancellous graft is incorporated
much faster.21,22

Biomechanical Properties (structural use as
biologic plate)
The biomechanical properties of autologous grafts apply
for the use of tricortical bone grafts, which commonly are used
to improve initial stability. A tricortical graft can be firmly
attached to the adjacent bone by using small fragment screws.
This applies especially when a unilateral implant is present and
support is required on the contralateral side. It is advantageous
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to use these grafts in young patients in whom the strength of
the bone adds to the initial stability.
However, when using large tricortical grafts, the risk of
significant donor site morbidity is high. Fractures of the
anterior iliac spine can occur and carry a high risk of nonunion
and prolonged disability. It is therefore important to harvest
the graft as far posterior as possible from the anterior–superior
iliac spine to reduce the likelihood of a fracture in this region.
A vascularized bone graft such as one derived from the fibula
may also be used as an isolated strut for mechanical support.
Figure 1 demonstrates a free fibula graft in association with
a bioplate for a posttraumatic distal femoral defect. Of note,
this technique should be reserved for special indications in
which bone loss and instability are substantial, usually with
periarticular lesions.

Autologous Bone Graft Types
Different types of autologous bone grafts have variable
properties associated with structural anatomy. Cancellous
bone has greater cellular diversity and activity than cortical
bone, whereas cortical grafts have enhanced mechanical
properties (Table 1). Overall, cancellous bone is eight times as
metabolically active as cortical bone and cortical bone is four
times as dense as cancellous bone.22

Cancellous Bone Graft
The trabecular structure of cancellous bone results in
a large surface area. This allows for a high number of cellular
components (mesenchymal stem cells, immature and mature
osteoblasts) to be incorporated and explains its excellent
osteogenic and osteoinductive capabilities.2,19,23 In addition,
the trabecular structure allows for easy revascularization and
rapid incorporation at the host site.23 In turn, one of the
limitations of cancellous bone is its lack of initial mechanical
strength. Also, the formation of new bone on a necrotic
cellular structure weakens the construct within the first weeks.
As a result of the excellent biologic capacity to induce the
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production of new bone, increased stability is then achieved
within months once the graft is incorporated.23
Vascularization of cancellous bone grafts begins within
2 days after implantation and is accompanied by infiltration of
the marrow spaces by mesenchymal stem cells.23 The early
stage of osteointegration with revascularization is followed by
graft remodeling with active bone formation and resorption of
necrotic bone after 4 weeks. Histologically, osteoblasts can be
found to line the trabecular scaffolds and deposit a seam of
osteoid.24 Remodeling takes several months.21

Cortical Bone Graft
Cortical bone grafts have a more limited biologic profile
as compared with cancellous grafts (Table 1). Cortical bone
has fewer osteoblasts and osteocytes, fewer growth factors, and
less surface area per unit weight, the structure of which
constitutes a barrier to vascular ingrowth and remodeling.21
However, cortical bone does provide good initial mechanical stability and strength to bony fixation constructs
as compared with cancellous bone grafts. Osteoclastic
activity with resorption of the dense cortices and bone loss
begins 2 weeks after the grafting procedure.25 This results in
transient weakness with reduction of mechanical strength of
up to 75%.26
Differences in graft incorporation between cortical and
cancellous grafts become evident during the stage of graft
revascularization and remodeling.25,27 The process takes
longer for cortical bone. Revascularization takes approximately 2 months because of the structure of the cortical graft,
which does not allow as large a contact area for vascular
penetration between the graft and the host.24,25 In contrast to
cancellous grafts in which incorporation is initiated by new
bone formation, the osteoclasts must first initiate resorption of
the dense cortices in cortical grafts to allow revascularization.
In dog studies, it has been shown that cortical grafts have
significantly decreased strength at 6 weeks that remains low

FIGURE 1. (A) A bone defect after
a distal femur fracture. (B) A filled
defect by a vascularized fibula (next
to the plate) and a tricortical bone
block medially acting as a bioplate.
q 2010 Lippincott Williams & Wilkins
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TABLE 1. Properties of Different Types of Bone Grafts
Type of graft
Autologous

Heterologous

Synthetic

Bone marrow aspirate
Cancellous bone
Cortical
non-vascularized
vascularized
cancellous
frozen
freeze-dried
Cortical
frozen
freeze-dried
Ceramics (TCP, CPC)
DBM
TCP+BMA composite
TCP+BMP composite

Osteogenesis

Osteoinduction

Osteoconduction

Immediate strength

Vascularity

++
+++
+
++
2
2
2
2
2
2
++
2

+
+++
+
++
+
+
2
2
2
2
++
+++

2
+++
+
++
++
++
+
+
2
+
+++
+

2
2
+++
+++
2
2
+++
+
++
2
++
++

2
2
2
++
2
2
2
2
2
2
2
2

Extent of activity (–, +, ++, +++) from none (–) to maximal (+++).
TCP, tricalcium phosphate; CPC, calcium phosphate cement; DBM, demineralized bone matrix; BMA, bone marrow aspirate; BMP, bone morphogenic protein.

through 24 weeks but returns to normal strength by 48 weeks
after transplantation.25

Autologous Bone Marrow Aspirates
Bone marrow aspirates can be harvested using minimally invasive techniques. Despite the initial enthusiasm
surrounding the injection of bone marrow into fractures sites,
two major limitations have been observed. First, the number of
stem cells harvested in bone marrow aspirate is not as high as
previously suspected; it has been estimated that marrow
contains one per 50,000 nucleated stem cells in young adults
and as few as one per one million in the elderly.23 Second, the
injected bone marrow tends to move from the insertion site,
resulting in higher rates of heterotopic ossification and no
observed improvement in fracture healing.23 Thus, the clinical
value of isolated autologous bone marrow aspirate currently
appears to be negligible.

Vascularized Cortical Bone Graft
Autologous vascularized cortical bone grafts have
favorable biologic attributes as compared with standard
autologous nonvascularized cortical grafts. Furthermore, they
are mechanically superior during the initial 6 to 12 months
postgrafting. Despite their many biologic advantages, their
primary limitation is that they are more technically difficult to
obtain and implant given that this technique requires
orthopaedic and microvascular skill sets.
Vascularized cortical grafts heal quickly at the graft–
recipient junction because the remodeling process closely
resembles that of normal bone.23 It has been suggested that if
adequate vascular anastomosis and graft stability are achieved,
more than 90% of the osteocytes may survive the transplantation.28 New bone formation by graft and host can lead to
rapid graft incorporation and residual weakness of the
construct is minimal.26

Sites for Bone Graft Harvesting
Although the biologic advantages of autologous bone
grafts are numerous, there remain concerns about the
availability of autologous grafts resulting from limited volume
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and considerable donor-site morbidity.29–34 Furthermore,
increased surgical time and hospital length of stay with
consequent additional costs are described in the literature.35
Although the gold standard for nonvascularized cortical
grafts is the iliac crest and for vascularized cortical grafts the
fibula, the optimal harvesting site for cancellous grafts is
debatable. Cancellous grafts are most commonly harvested
from the iliac crest; however, recently, a new method for
harvesting cancellous grafts has become available. With the
"Reamer Irrigator Aspirator" (RIA) System, large quantities of
autologous bone graft can be harvested from the femoral and
tibial medullary cavities.
When compared with iliac crest, harvesting cancellous
bone with the RIA technique demonstrated several advantages.
The volume of bone graft harvested typically exceeds the
volume available in the anterior iliac crest.36–38 Furthermore,
bone graft harvested from the femoral canal appears to provide
a higher concentration of growth factors19,39–41 than that
derived from iliac crest.19 Other authors describe that the RIA
technique is associated with less postsurgical pain,36 which
may result in a shorter hospital length of stay.
Possible complications of iliac crest harvesting have
been extensively discussed in the literature and therefore only
possible complications of the RIA technique are further
discussed in this review. Critics of reaming suggest that
reaming disturbs the endosteal blood flow and thereby
increases the risk of infection,42,43 although this appears not
to have been proven.44,45 Another potential risk of the RIA
technique is heterotopic ossification, which is a frequent
finding after hip arthroplasty and antegrade femoral nailing.46
Local risk factors for the induction of heterotopic ossification
include surgical soft tissue trauma and spilling of osteogenic
substances in the soft tissue during reaming.47–49 Both risk
factors are usually reduced through proper implementation of
the RIA technique using an approach that is minimally
traumatic to the soft tissues and continuous suction of the
marrow contents to prevent the spillage of osteogenic material.
Other issues derive from the sharp reamer head that may cause
penetration and resultant weakness of the cortex. In addition,
the guidewire has to be appropriately positioned within the
q 2010 Lippincott Williams & Wilkins
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metaphysis where reaming is directed. Inappropriate guidewire positioning can add to the risk of cortical compromise
and iatrogenic fracture described previously.

Comparison of Biologic Properties of Autologous
Bone Grafts With Heterologous or Synthetic
Bone Substitutes
One of the major downsides of autologous bone grafting
is the limited availability. Therefore, some surgeons favor
heterologous grafts. However, heterologous grafts carry the
potential for disease transmission and may trigger immunogenic reactions.50–53 Therefore, irradiation is required for all
heterologous transplants, which in turn reduces their osteogenic and osteoinductive capability54–56 (Table 1).
In comparison, synthetic bone substitutes (eg, tricalcium
phosphate, calcium phosphate cement) possess osteoconductive properties and in combination with growth factors (eg,
BMPs) may also achieve osteoinductive and osteogenic properties. Such composite grafts are currently being developed
and may present an alternative to autologous bone grafts in the
future. However, considering that the therapeutic dose of
recombinant human BMP-2 for tibia fractures is currently
approximately $4000, it is likely that the costs for such
implants will be high.57
Currently, autologous bone graft remains the only clinically available graft source that is osteogenic, osteoinductive,
osteoconductive, and contains viable precursor cells. Although
some of the alternatives listed may have some potential in the
future, to date, no other graft source appears to be more
effective, or more cost-effective, than autologous grafts in
stimulating bone formation19,58 As a result, autologous
grafting remains the gold standard for treating nonunions.

CONCLUSION
As a result of its excellent and cost-effective combination of biologic and mechanical properties, autologous bone
graft continues to be an important tool in the management of
certain bone defects or nonunions. Heterologous grafts lose
some of their biologic properties through sterilization and
synthetic bone substitutes have only osteoconductive properties if not combined with recombinant human growth factors
or autograft. If heterologous or synthetic bone is combined
with growth factors, these composite grafts may have equal
biologic properties to autologous bone grafts, but further
research is required to determine their efficacy and cost–
benefit profile.
In clinical practice, the decision as to which type of
autologous bone graft should be used must take into account
whether the operative site needs metabolic activity (cancellous
bone), stability (cortical bone), or both. If the autologous bone
graft has to withstand compression and mechanical load,
cortical bone may be a way to provide additional support.
However, the considerable donor site morbidity has to be
considered.
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