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� Autogenous cancellous bone graft provides an osteoconductive, osteoinductive, and osteogenic substrate for
filling bone voids and augmenting fracture-healing.

� The iliac crest remains the most frequently used site for bone-graft harvest, but the proximal part of the tibia, distal
end of the radius, distal aspect of the tibia, and greater trochanter are alternative donor sites that are particularly
useful for bone-grafting in the ipsilateral extremity.

� The most common complication associated with the harvest of autogenous bone graft is pain at the donor site,
with less frequent complications including nerve injury, hematoma, infection, and fracture at the donor site.

� Induced membranes is a method that uses a temporary polymethylmethacrylate cement spacer to create a bone-
graft-friendly environment to facilitate graft incorporation, even in large segmental defects.

Autogenous bone graft remains a reliable treatment option
when structural stability is required, bone voids exist, or bone-
healing augmentation is desired. Cortical autografts provide
a structurally sound osteoconductive medium with minimal
osteoinductive and osteogenic properties. Cancellous auto-
grafts provide a highly osteoconductive, osteoinductive, and
osteogenic substrate while corticocancellous grafts provide
some benefits of both. The iliac crest remains the most com-
mon donor site for autogenous bone graft, providing sufficient
quantities of cortical and cancellous bone for most clinical
settings, but with donor-site morbidity. Alternative donor sites
include the proximal part of the tibia, distal end of the radius,
distal aspect of the tibia, and greater trochanter. A novel
technique uses a reamer-irrigator-aspirator (RIA; Synthes,
West Chester, Pennsylvania) to harvest intramedullary bone
graft. Bone graft harvested from any site can be combined with
the so-called induced membrane in more complex bone void
settings.

Use of Levels of Evidence in the Assessment of
Scientific Information
The literature summarized in this article is evaluated with use
of the Levels of Evidence ratings for studies addressing clinical
care1. These levels are summarized with use of Grades of
Recommendation (see Appendix) previously published in The
Journal of Bone and Joint Surgery (American Volume)2. Grade-
A recommendations are based on consistent Level-I studies.
Grade-B recommendations are based on consistent Level-II
or III evidence. Grade-C recommendations represent either
conflicting evidence or are based on Level-IV or V evidence. A
grade of I indicates that there is insufficient evidence to make
a treatment recommendation.

Clinical Relevance
Each year 200,000 bone-graft procedures are performed in the
United States3. Indications for bone-grafting include delayed
union or nonunion, malunion, arthrodesis, limb salvage, and
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reconstruction of bone voids or defects4-8. With a strong history
of clinical success, autogenous bone graft is biologically the
graft material of choice because it provides osteoconductive,
osteoinductive, and osteogenic properties and has complete
histocompatibility5,6,9,10 (Grade-C recommendation). However,
autogenous bone graft has limitations, including donor-site
morbidity, such as pain, infection, and nerve injury; volume-
limited quantity; difficult accessibility; blood loss; and surgical
time required6. In this article, we address autogenous bone-
grafting in general, but focus primarily on autogenous cancel-
lous bone-grafting indications, techniques, and complications.

Types of Autogenous Bone Graft
Various bone-graft options provide unique combinations of
osteoconductive, osteoinductive, and osteogenic properties.
Osteoconduction refers to the geometric scaffolding, which
provides an environment for new bone apposition by sup-
porting host capillary ingrowth, perivascular tissue, and os-
teoprogenitor cells5,6. Osteoinduction refers to the ability of the
graft to recruit pluripotent mesenchymal stem cells that dif-
ferentiate into bone-forming osteoblasts and chondroblasts6.
Osteogenic material, best provided by fresh cancellous auto-
graft, contains viable donor osteocytes, or their precursors,
which promote primary bone formation6.

Cortical Bone Graft
Autogenous cortical bone graft, which provides an osteo-
conductive medium with minimal osteoinductive and osteo-
genic properties, is best suited for structural defects for which
immediate mechanical stability is required for healing5,9,10

(Grade-C recommendation). The dense cortical matrix results
in relatively slow revascularization and incorporation, as re-
sorption must occur before deposition of new bone, and lim-
ited perfusion and donor osteocytes make this option poorly
osteogenic6,11. Within the first six months after implantation, these
nonvascularized cortical grafts become progressively weaker, sec-
ondary to resorption, but regain structural strength within twelve
months5,9,12 (Grade-C recommendation).

Cancellous Bone Graft
Cancellous bone graft is the most commonly used source of
autogenous graft6. It provides an osteoinductive, osteocon-
ductive, and osteogenic substrate, and the porous trabeculae
are lined with functional osteoblasts, resulting in a graft that is
highly osteogenic6,10. Additionally, the large surface area leads to
rapid remodeling and incorporation, making cancellous graft
an excellent option for arthrodesis and treatment of nonun-
ions13-16 (Grade-C recommendation). After implantation, a
portion of the donor osteocytes survives, and these osteocytes,
combined with graft porosity and local cytokines, promote
angiogenesis and host mesenchymal stem-cell recruitment.
These recruited mesenchymal stem cells have the potential to
differentiate into osteoblasts6,17. Thus, the graft may be fully
vascularized within two days7,18. New bone formation is ob-
served within a few weeks and typically is remodeled by
eight weeks, with complete graft turnover by one year4,11. This

turnover occurs by the process of creeping substitution, defined
as concomitant osteoblast deposition of new osteoid and os-
teoclast resorption of necrotic donor trabeculae4,17. This graft
material offers rapid incorporation but no immediate struc-
tural stability.

Corticocancellous Bone Graft
Corticocancellous bone grafts intuitively offer the advantages
of both cortical and cancellous bone: an osteoconductive me-
dium and immediate structural stability from cortical bone and
the osteoinductive and osteogenic capabilities of cancellous
bone. The most frequent donor site is the iliac crest, which can
provide unicortical, bicortical, and tricortical graft material.

Vascularized Bone Grafts
In order to improve graft incorporation and healing, cortical
and corticocancellous grafts can be harvested with a vascular
pedicle. Free vascularized grafts offer the most predictable
incorporation and are indicated for bone defects of >12
cm5,9,11,12,19 (Grade-B recommendation). Vascularized grafts are
traditionally harvested from the iliac crest with its deep cir-
cumflex iliac artery, the fibula with branches of the peroneal
artery, the distal end of the radius with the supraretinacular
artery, or the ribs with the posterior intercostal artery4,20,21.
More than 90% of the residual osteocytes can survive, making
this graft osteogenic5,12,19 (Grade-B recommendation).

Handling of Autogenous Bone Graft
Proper handling and storage of autogenous bone graft are
critical to maintaining its inherent properties. Several authors
have stated that graft should be stored in normal saline solu-
tion, 5% glucose solution, or a moistened swab, and this has
resulted in greater metabolic activity and osteoblast cell count
compared with dry storage. Most authors agree that open air
storage is deleterious and that bone autograft should be har-
vested for immediate implantation whenever possible18,22,23

(Grade-I recommendation).
There has been speculation that combining harvested

bone graft with antibiotic powder may reduce perioperative
infection. This practice does not appear to influence graft
healing or incorporation24-27 (Grade-C recommendation). How-
ever, a randomized controlled trial of ninety-six patients with an
infected tibial nonunion, followed for an average of 4.5 years,
showed a significantly greater (p < 0.05) reduction in infec-
tion rate when patients were treated with organism-specific
antibiotic-impregnated autogenous cancellous bone graft26. In
that study, infection was eliminated in forty-four (95.6%) of
forty-six patients treated with antibiotic-impregnated bone
graft compared with forty-one (82%) of fifty who were treated
with graft alone (Grade-A recommendation). In that study, fresh
autograft was mixed with 1 g of dry antibiotic powder specific to
the infectious organisms. Such use can lead to local therapeutic
levels of antibiotics for up to three weeks without systemic
toxicity 26. Furthermore, bone graft cultured in antibiotics such
as clindamycin and cefuroxime has been shown to have time and
dose-dependent stimulus effects on osteoblastic proliferation
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at therapeutic concentrations, but deleterious effects at higher
concentrations28,29 (Grade-B recommendation).

Autogenous Bone-Graft Donor Sites: Indications,
Techniques, and Complications
Iliac Crest
Indications
The anterior or posterior iliac crest is the most commonly used
donor site for cancellous and corticocancellous graft4. Corti-
cocancellous, unicortical, bicortical, or tricortical segments can
be harvested for structural segmental defects, and cancellous
material can be obtained for its biologic activity. Harvest vol-
umes may limit iliac crest bone-graft volume, which averages
13 cm3 anteriorly and 30 cm3 posteriorly8,30 (Grade-B recom-
mendation). Singh et al., in a retrospective review of the cases of
forty-six patients who had an anterior iliac crest bone graft
harvested, reported an average yield of 27 cm3 of cancellous
graft31. When larger volumes are needed, yields of 90 cm3 have
been reported with use of an acetabular reamer technique8,32

(Grade-B recommendation). If inadequate graft volume is
obtained with a single iliac crest approach, combined anterior
and posterior crest harvest can be performed to increase the
graft volume.

Techniques
Anterior iliac crest harvest: Traditionally, bone is harvested from
the gluteal or iliac tubercle region about 4 to 5 cm posterior
to the anterior superior iliac spine7,32. The incision is parallel to
the iliac crest, beginning 3 cm posterior to the anterior superior
iliac spine to avoid the lateral femoral cutaneous nerve. Elec-
trocautery can be used to subperiosteally elevate the external
oblique musculature, avoiding the ilioinguinal and iliohypo-
gastric nerves33-35. The iliacus can be elevated from the inner
table of the ilium when more exposure is needed (cortico-
cancellous harvest or acetabular reamer harvest). Careful dis-
section with preservation of the tissue planes facilitates closure.
Numerous techniques have been described for the harvest of
graft from the ilium, including the curettage technique, which
can allow inner or outer table harvest7, the trapdoor tech-
nique7,8, the iliac crest-splitting technique7, the trephine tech-
nique36, the segmental bicortical or tricortical technique8,37, and
the acetabular reamer technique3. Most of these techniques are
similar in that the inner or outer table of the ilium is accessed
for either corticocancellous graft or pure cancellous graft. We
prefer to split the inner table of the crest with an oscillating saw
and obtain cancellous graft by curet. Alternatively, the inner
table can be harvested as corticocancellous graft. This proce-
dure maintains the shape of the outer table and facilitates an-
atomic reconstruction of the external oblique musculature.

The acetabular reamer technique can produce large
volumes of morselized corticocancellous graft as a paste-like
substance to mold and pack into defects under implants or
within dead spaces3,38,39. The procedure involves a low-speed,
high-torque acetabular reamer for total hip arthroplasty that
can be used to ream the inner or outer ilium, yielding as much
as 90 cm3 from the cortex and adjacent cancellous bone. The

reamer procedure is faster than the traditional techniques with
decreased operative time and lower costs3,8 (Grade-C recom-
mendation). Bone graft harvested with the reamer technique
appears to be clinically effective. In a series of thirty-four pa-
tients with a fracture nonunion who were followed for an av-
erage of ten months, union occurred in thirty-three patients
(97%) at an average of ten weeks with use of the acetabular
reamer technique8 (Grade-B recommendation).

Posterior iliac crest harvest: The posterior superior iliac
spine is the most common source for autogenous bone graft,
probably attributable to the frequent use of this site during
posterior spine fusion procedures40. Compared with the ante-
rior crest, this site offers up to 30 cm3 of bone graft, so it is used
when larger volumes of graft are required41. The incision is
made parallel to the posterior iliac crest, with care taken to
avoid the cluneal nerves6,32. The posterior superior iliac spine is
exposed subperiosteally, with the periosteum and dorsolumbar
fascia on the medial edge of the crest maintained intact. A so-
called trapdoor technique is favored by many to access the
inner tables of the posterior ilium and obtain cancellous graft.
This harvest typically involves a horizontal cut through the
outer cortex of the iliac crest followed by reflection of the crest
medially without disturbing the attachment site of the ab-
dominal musculature. After sufficient graft is harvested, the
reflected iliac crest should be sutured back into place7. The
surgeon should limit harvest to 4 cm distal to the posterior
superior iliac spine and avoid penetrating the inner cortex of
the ilium to prevent injury to the sacroiliac joint and the su-
perior gluteal artery7.

Complications
Although the iliac crest remains the most frequently harvested
donor site, morbidity is a concern. We categorized complica-
tions associated with bone-graft harvest into minor and major
complications. In general, minor complications were defined as
those that required no or minimal treatment and resulted in
no long-term disability, while major complications represented
those that required repeat surgery, readmission, or a prolonged
hospital stay or resulted in long-term disability. We classified
persistent or long-term pain at the harvest site, superficial
sensory nerve injury, superficial hematoma or seroma, and
superficial infection as minor complications. Major compli-
cations included deep hematoma requiring operative drainage,
incisional hernia, permanent neurologic injury, vascular injury,
sacroiliac joint injury, ureteral injury, permanent Trendelen-
burg gait, donor-site fracture, and deep infection7,33,42,43.

Arrington et al. reviewed 414 cases and found that forty-
one (10%) had minor complications (superficial hematomas or
seromas in thirty-six patients and superficial infections in five)
and twenty-four (5.8%) had major complications (deep he-
matoma in four patients, incisional hernia in two, neurologic
injury in six, vascular injury in three, iliac wing fracture in two,
and deep infection in seven)33 (Grade-B recommendation).
Younger and Chapman retrospectively reviewed the records of
239 patients who had 243 iliac crest bone-graft harvest pro-
cedures with a mean follow-up of eleven months42. Minor
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complications were noted after fifty-seven (23.5%) of the 243
procedures. Major complications occurred after fifteen proce-
dures (6.2%) and included deep hematoma after nine proce-
dures and deep infection after six. Goulet et al., in a review
of the cases of 170 patients who had iliac crest bone-graft
harvest, found that thirty-five (20.6%) had minor complica-
tions (twenty-eight had donor-site pain; one, superficial nerve
injury; and six, superficial infections) and four (2.4%) had
major complications (deep infections)43. Banwart et al., in an
analysis of the cases of 180 patients who had an iliac crest bone-
graft procedure with a mean follow-up of sixty-six months,
reported that seventy (39%) had minor complications, with the
majority being persistent graft-site pain, and eighteen (10%)
had major complications44. In the previously cited Level-III
study of 243 iliac crest bone-graft procedures, major compli-
cations increased on the basis of medical comorbidities, with
a rate of 5.8% in healthy patients and escalating to 14.3% in
patients with preexisting medical illnesses42. Westrich et al.
correlated body-mass index and smoking with the develop-
ment of both minor and major complications3. In summary,
minor complications have been reported to occur in 7.1% to
39% of patients and major complications, in 1.8% to 10% of
patients3,33,42-44 (Grade-B recommendation).

Minor Complications
Persistent Donor-Site Pain
Early pain (occurring within three months after graft harvest)
at the donor site has been reported to occur in 2.8% to 37.9%
of patients7,43,45-47 (Grade-B recommendation). However, per-
sistent or long-term pain at the graft-harvest site is the most
common minor complication reported in the bone-graft lit-
erature. In the series by Younger and Chapman, six (2.5%) of
243 iliac crest bone-graft procedures were in patients who re-
ported long-term graft-site pain as their most common com-
plaint42. Goulet et al. obtained follow-up data on pain for
eighty-seven of 192 patients who were surveyed by mail43. They
reported that thirty-three (37.9%) of the eighty-seven patients
had donor-site pain at six months postoperatively and sixteen
(18.4%) had donor-site pain at two years43. Singh et al. retro-
spectively reviewed forty-six patients who had anterior iliac
crest bone-graft harvest with a mean follow-up of forty-one
months31. Persistent pain at the iliac crest donor site averaged
1.7 of 10 on a visual analogue scale (VAS), while three (9.4%) of
thirty-two patients who had long-term follow-up stated that
donor-site pain caused functional disability.

Numerous surgeons have attempted to reduce both acute
and persistent donor-site pain. In a case series in which the iliac
crest bone-graft donor site was reconstructed by packing the
void with a bone-graft substitute prior to closure, there was no
reduction in immediate postoperative pain and persistent pain
was reported by five of twelve patients48. However, the pain was
mild, with an average VAS score of 0.6 of 10 (Grade-I recom-
mendation). In a double-blind, randomized, controlled trial of
fifty-four patients who underwent posterior iliac crest bone-
graft harvest, intraoperative local administration of morphine
at the harvest site had no effect on patient-controlled analgesia

usage and no improvement in pain at twenty-four hours and
at three, six, and twelve months postoperatively49 (Grade-A
recommendation). Another double-blind, randomized, con-
trolled study of sixty patients who underwent iliac crest bone-
graft harvest (the anterior iliac crest was used in fifty-four
patients) evaluated postoperative pain in those who received a
continuous infusion of 0.5% bupivacaine into the harvest site
compared with placebo50. There was no improvement in the
postoperative use of patient-controlled analgesia or in donor-site
pain from the time of surgery through six weeks postoperatively.
However, a similar Level-I study of thirty-seven patients who
received a continuous infusion of 0.5% Marcaine (bupivacaine)
into the graft site showed a significant decrease (p < 0.05) in
narcotic dosage, demand frequency, and mean VAS score at
twelve, twenty-four, and forty-eight hours compared with pla-
cebo51. Interestingly, a follow-up study of the same cohort at an
average of 4.7 years postoperatively found the treatment group to
have a significant decrease (p < 0.05) in the VAS score for pain at
the graft site (1.4 versus 4.8 of 10) and increased satisfaction with
the procedure compared with the control group, whereas none
of the nine patients in the treatment group had chronic iliac crest
dysesthesias compared with seven of ten in the control group52.
At present, there are conflicting Level-I reports regarding the
effects of postoperative local anesthetic infusion on donor-site
pain49-52 (Grade-I recommendation).

Superficial Nerve Injury, Hematoma Formation,
Seroma Formation, and Infection
Superficial nerve injury following iliac crest bone-graft harvest
does not appear commonly in the literature. Smith et al. re-
ported two cases of ilioinguinal neuralgia from retraction of the
abdominal wall where the nerve was pinched between the re-
tractor and the iliac crest34. Arrington et al. noted meralgia
paresthetica after anterior iliac crest bone-graft harvesting in
three (0.73%) of 414 patients33. With posterior iliac crest bone-
graft harvest, care must be exercised to prevent injury to the
superior cluneal nerves, which cross just lateral to the posterior
superior iliac spine and supply sensation to the superior two-
thirds of the buttocks14.

Superficial hematoma formation, seroma formation, and
infection are considered collectively for this article as they are
typically treated conservatively with or without antibiotics. In
their respective studies, Banwart et al. noted that a superficial
infection developed in one (0.5%) of 180 patients; Westrich
et al., in one (0.6%) of 170 patients; and Arrington et al., in five
(1.2%) of 414 patients3,33,44. Westrich et al. reported that super-
ficial hematomas developed in two (1.2%) of 170 patients, and
Arrington et al. reported that superficial hematomas developed
in sixteen (3.9%) of 414 patients and superficial seromas, in
twenty patients (4.8%)3,33 (Grade-B recommendation).

Major Complications
Deep Hematoma Formation and Deep Infection
In the larger series, deep infection occurred in seven (1.7%) of
414 patients, six (2.5%) of 239 patients, and in four (2.1%) of
192 patients33,42,43 (Grade-B recommendation). Other authors
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have reported rates of deep infection of approximately 1%,
comparable with other clean surgical procedures7,53. Deep wound
hematoma has been implicated in the development of deep in-
fection; therefore, it has been hypothesized that a drain may
reduce infectious morbidity. A prospective randomized study of
112 procedures showed no difference in the occurrence of wound
complications between those done with use of a suction drain
(10% [six] of sixty procedures) and those done without suction
drainage (10% [five] of fifty-two procedures), concluding that
suction drainage does not reduce wound infection rates in iliac
crest bone-graft harvest54 (Grade-A recommendation).

Incisional Hernia
Incisional hernia occurs when bowel protrudes through the
osseous defect in the ilium after an inadequate abdominal
musculature closure7. Arrington et al. reported that herniation
developed after two (0.5%) of 414 harvest procedures, and
both occurred through a tricortical graft site secondary to
detachment of the abdominal musculature33. In all cases, the
hernia must be reduced and the defect obliterated with repair of
the abdominal musculature.

Sacroiliac Joint Injury, Ureteral Injury,
and Gait Derangement
In the posterior superior iliac spine, if graft is harvested too far
posteriorly, the sacroiliac joint can be inadvertently breached or
the posterior sacroiliac ligaments may be compromised, leading
to sacroiliac joint instability, pain, and arthrosis7 (Grade-I recom-
mendation). Ureteral injury is rare and has been recorded, to our
knowledge, in only one case report55. It is thought to be relatively
rare because of the mobility of this structure and its protective fat
layer. Another complication of iliac crest harvest is gait disturbance,
including a Trendelenburg gait that is often associated with hip
abductor muscle weakness, which can be avoided by careful re-
approximation of the abductor fascia and minimal retraction of
the abductor muscles7,42 (Grade-I recommendation).

Donor Site Fracture
Avulsion fractures of the anterior superior iliac spine can occur
after graft harvest with forceful contraction of the sartorius
muscle and/or tensor fasciae latae. In order to reduce the risk of
this complication, many authors have recommended that the
anterior iliac crest harvest site should not be <3 cm posterior to
the anterior superior iliac spine7,32,42 (Grade-C recommenda-
tion). Avulsion has been shown to be more frequent with bi-
cortical and tricortical anterior superior iliac spine grafts than
with unicortical grafts7 (Grade-C recommendation).

Complications Associated with the Acetabular
Reamer Technique
In a retrospective study of 390 bone graft procedures, the
reamer technique was compared with anterior iliac crest bone-
graft harvest3. Minor complications occurred in twenty-one
(9.5%) of 220 patients managed with the reamer technique
compared with twelve (7.1%) of 170 patients managed with
traditional techniques of iliac crest bone-graft harvest. Major

complications were noted in two patients (0.9%) in the reamer
group compared with three patients (1.8%) in the group that
had a traditional technique3. Bimmel and Govaers retrospec-
tively reviewed the cases of eighty-eight patients who had reamer
harvests and reported that twenty-six patients (29.5%) had
persistent pain at the donor site and twenty-three (26.1%) had
superficial nerve injury35. Gait disturbance occurred in eighteen
patients (20.5%). In a separate series of thirty-four patients
managed with an acetabular reamer, the reamer breached the
inner table of the ilium with no obvious clinical sequelae8.

Proximal Part of the Tibia
Indications
The proximal part of the tibia provides an easily accessible source
of abundant cancellous, unicortical, or corticocancellous graft,
especially if the ipsilateral limb is the recipient site25,56-59 (Grade-C
recommendation). The average volume of cancellous bone graft
obtained from the proximal part of the tibia is approximately
25 cm3, which compares favorably with iliac crest bone graft;
however, we and others have succeeded in harvesting as much as
70 cm3 of cancellous bone from the proximal part of the tibia in
young patients with good bone stock25,36,56,60-62 (Grade-C recom-
mendation). In most patients, immediate postoperative weight-
bearing is allowed, but when the harvest extends across the
midline of the proximal aspect of the tibia, we recommend
protected weight-bearing for six to twelve weeks25,59,63 (Grade-I
recommendation).

Techniques
Numerous techniques, including access from both the medial and
lateral aspect of the proximal part of the tibia, have been de-
scribed, with no differences reported in graft quantity18,20,25,36,56,57,61

(Grade-C recommendation). On the lateral side, the entry point
is at or just below Gerdy’s tubercle, but care must be exercised
to avoid knee joint violation during harvest18,25,36. The entry
portal into the proximal part of the tibia should be circular
or have rounded edges to prevent stress-risers with possible
fracture propagation36,56,57 (Grade-C recommendation). During
closure, the periosteum should be repaired to provide osteo-
blasts for the reconstitution of bone at the harvest site64 (Grade-I
recommendation).

We prefer to access the proximal part of the tibia by
means of the lateral approach with a 3-cm incision directly over
Gerdy’s tubercle. We split the confluence of the iliotibial band
and the anterior compartment fascia in line with the incision
and reflect periosteum both anteriorly and posteriorly, ex-
posing Gerdy’s tubercle. Osteotomy of the tubercle provides an
oval access portal into the proximal tibial cancellous bone.
Harvest is performed with either curets or a trephine, and the
metaphyseal void is filled with cadaveric allograft chips. The
osteotomized tubercle is discarded or used as bone graft to
facilitate closure of the iliotibial band insertion.

Complications
The rate of complications at the donor site of the proximal
tibial bone graft has been reported to be as low as 1% to 2%25,59.
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A study of 230 procedures for harvesting proximal tibial
bone graft for the treatment of nonunion of lower-extremity
fractures noted a rate of donor-site complications of 1.3% at
a mean follow-up period of 20.4 months59. In a retrospective
review, Alt et al. followed fifty-four patients for a mean of
26.4 weeks to determine appropriate weight-bearing status
after proximal tibial bone-graft harvesting25. They reported
an overall complication rate of 1.9%, with one complication
(a local hematoma) that developed with immediate post-
operative weight-bearing. In a study of forty proximal tibial
bone-graft procedures, superficial hematoma was noted
in six patients (15%)65. Frohberg and Mazock reported mi-
nor complications in nine (14.3%) of sixty-three patients
who had a proximal tibial bone-graft harvest66. In a review
of 148 procedures, Whitehouse et al. noted that 20% of
patients reported mild pain immediately postoperatively,
but only 4% reported persistent long-term pain58 (Grade-B
recommendation).

Major complications associated with the harvest of prox-
imal tibial bone graft, including deep hematoma formation,
deep infection, joint perforation, donor-site fracture, gait dis-
turbance, and permanent nerve injury, have been reported.
Geideman et al., in a study of 155 patients who had foot and
ankle surgery with use of bone graft harvested from the prox-
imal part of the ipsilateral tibia, reported that one patient
(0.65%) had deep hematomas and there were no other major
complications67. Deep hematoma formation has been reported
to occur in 0.5% to 2.0% of patients and deep infection, in <1%
of patients25,59. Frohberg and Mazock, in a study of sixty-three
proximal tibial bone-grafting procedures, reported that one
patient (1.6%) had a complication, a joint perforation66. Two
donor-site fractures have been reported, one as a single case
report and one in a series of 230 harvest procedures59,68. In
one series, gait disturbance was reported to have developed in
one (2.5%) of forty patients who had proximal tibial bone-
graft harvesting65. While use of the proximal part of the tibia
for bone-graft harvest does not typically place neurovascular
structures at risk, if the incision is too extensive, the peroneal
nerve may be injured. Moreover, the saphenous vein requires
protection on the medial side of the leg25. Proximal tibial
bone graft harvest is contraindicated in patients with open
physes.

Distal End of the Radius
Indications and Techniques
The distal end of the radius can supply approximately 3 cm3

of cancellous or corticocancellous graft for hand and upper-
extremity surgery applications20,21,69-73. Distal radial bone har-
vest can be performed by a dorsal or volar approach71 (Grade-C
recommendation). The dorsal approach accesses the distal end
of the radius between the first and second extensor compart-
ments, with care taken to prevent injury to the dorsal veins and
superficial radial nerve. A small osteotome can be used to create
a cortical window at Lister’s tubercle, where cancellous bone
graft can be harvested20. An alternative approach between the
second and third compartments moves the surgical field away

from the superficial radial nerve69. The volar approach involves
a longitudinal incision proximal to the wrist crease, and the
plane between the radial artery and the brachioradialis tendon
is developed. The pronator quadratus is elevated, and a cortical
window is opened. Corticocancellous or cancellous graft can be
harvested from the volar distal aspect of the radius. The volar
approach provides some advantages in that the extensor
compartments are not violated, painful adhesions of the scar to
the superficial distal end of the radius itself are avoided, and
the volar wrist scar is less cosmetically apparent than a dorsal
incision72.

Complications
Immediate postoperative pain was reported to occur in ap-
proximately 5% of twenty patients after bone graft was har-
vested from the distal end of the radius, with 15% reporting
some immediate functional disability in the postoperative pe-
riod69. Persistent pain at the graft harvest site is rare70. Patel et al.
retrospectively reviewed the cases of 1670 patients who had
distal radial autogenous bone-graft harvesting, with an average
follow-up period of 4.5 years20. Complications occurred in
sixty-six patients (4%). The authors considered failure of union
to be a graft complication as this accounted for the reported
complications in thirty-eight patients (2.3%). If the patients
with failure of union are excluded, the resultant complica-
tion rate was 1.7% (twenty-eight of 1670 patients). Actual
donor-site complications included de Quervain tenosynovitis
in twenty-one patients (1.3%), donor-site infection in three
(0.2%), donor-site fracture in two (0.1%), and superficial
radial nerve injury in two (0.1%)20. Injury to the superficial
radial nerve can result in pain, sensory loss, or neuroma pain,
so meticulous care with incisions and retraction is necessary20

(Grade-C recommendation).

Distal End of the Tibia
Indications, Techniques ,and Complications
The distal tibial metaphysis can be a source of corticocancellous
struts, and is an easily accessed source of small volumes of
cancellous bone18,74,75 (Grade-C recommendation). This site is
particularly convenient in foot and ankle surgery because of the
proximity within the operative field and the minimal increase
in blood loss or operative time73 (Grade-C recommendation).
Several techniques for harvest have been reported, with similar
technical aspects18,74,75. The graft can be obtained from the distal
medial aspect of the tibia, just proximal to the medial malle-
olus, or directly anterior, with care taken to avoid injuring the
dorsalis pedis artery and vein. Cancellous graft is most easily
obtained by means of a small cortical window with use of curets
or trephines to harvest graft. This technique has been reported
to provide approximately 2 to 3 cm3 of cancellous graft without
adverse influence on weight-bearing status. The limited supply
from this location makes it a poor choice for most applications
other than surgery in the foot and ankle, but there are few
complications18,74. Persistent donor-site pain and hematoma
are rare, and infection and fracture have not been reported18,74,75

(Grade-C recommendation).
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Greater Trochanter
Indications, Techniques, and Complications
The greater trochanter is a useful source of bone graft for
surgery of the ipsilateral lower extremity32,67,76,77 (Grade-C rec-
ommendation). We reserve this harvest site for acute femoral
neck fractures with comminution. Our preferred technique is
to create a circular entry portal into the lateral aspect of the
greater trochanter during femoral neck surgery with use of a
trephine. A 5 to 10-cm3 volume of cancellous bone graft can be
obtained76. For other limited applications, a 3 to 5-cm longi-
tudinal incision directly over the trochanter can be used. The
iliotibial band is incised in line with the skin incision, followed
by entry into the trochanter. Graft is harvested through a lateral
bone window in the direction of the femoral neck32,67,77. In a
series of eighty-five patients who had foot and ankle surgery,
with a mean follow-up of forty-nine months, twenty-six
(30.6%) noted some element of persistent hip pain and nine-
teen (22.4%) underwent treatment, including therapy and ice,
for persistent pain at the trochanteric harvest site77.

Reamer-Irrigator-Aspirator
Indications
The reamer-irrigator-aspirator (RIA; Synthes) is a single-use
intramedullary reaming device that combines reaming with
simultaneous intramedullary irrigation and aspiration. Stan-
dard reaming has been associated with pulmonary complica-
tions, including fat embolism and acute respiratory distress
syndrome secondary to high intramedullary pressures78,79. The
RIA was proposed to decrease pulmonary complications as-
sociated with reamed femoral nailing in patients who have
sustained multiple injuries by decreasing intramedullary pres-
sure and its systemic effects80,81.

An unanticipated benefit of the RIA device is harvest of
autogenous intramedullary bone graft. Harvest volumes have
been reported to range from 30 to 90 cm3 with comparable
union rates and lower scores for immediate and chronic pain
compared with iliac crest bone graft30,80,82-84 (Grade-C recom-
mendation). On average, the technique provides approximately
40 cm3 of bone graft from the femur and 33 cm3 from the tibia30

(Grade-C recommendation).
Cell biology studies have demonstrated that this graft is

rich in stem cells, osteogenic cells, and growth factors, which
are at least equivalent to iliac crest30,80,85,86 (Grade-B recommen-
dation). Although there are few robust reports to support the use
of the RIA graft, the results of case series and small studies are
encouraging. In a prospective case series of twenty-one patients
with segmental bone defects averaging 6.6 cm3, McCall et al.
showed defect consolidation in 85% at eleven months post-
operatively80 (Grade-C recommendation). In their study, they
report one case of a 14-cm defect that united with internal sta-
bilization and RIA graft80 (Grade-I recommendation).

Techniques
Graft is obtained by introducing the RIA into the femoral or
tibial canal and using the aspiration ability of the device to
collect reamed bone graft in a filtered canister. The femur may

be approached in an antegrade fashion, with use of either the
piriformis fossa or greater trochanter as an entry portal, or in a
retrograde fashion with use of the intercondylar notch as an
entry portal. The tibia is best approached in an antegrade
fashion with use of an entry portal into the proximal part of the
tibia similar to that used for intramedullary nail fixation of a
tibial fracture. The greater trochanteric entry point is preferred
over the piriformis fossa by many authors in order to avoid
damage to the femoral neck30 (Grade-I recommendation). The
RIA entry angle should be as narrow as possible to minimize
eccentric reaming82 (Grade-I recommendation). A cadaver study
compared three RIA starting points (greater trochanter, pir-
iformis fossa, and intercondylar notch). The femora were tested
with cyclical loading, and no significant differences (p = 0.606)
were noted in the mechanical behavior including load failure
with any of the starting points87 (Grade-B recommendation).

Lateral and anteroposterior radiographs or a computed
tomography scan should be made to determine the width of the
isthmus preoperatively, so that an appropriate reamer head can
be chosen. Reamer heads range from 12 to 16.5 mm in 0.5-mm
increments, and the initial size should be selected on the basis
of the width of the isthmus, which represents the narrowest
region. Overall, there is a negligible loss of strength when
the intramedullary cortices are reamed by £2 mm; however,
reaming of >2 mm can compromise torsional strength and
potentially lead to iatrogenic fracture30,84,88,89 (Grade-B recom-
mendation). For the same reason, the reamer head should not
exceed 50% of the outer diaphyseal diameter84 (Grade-I rec-
ommendation). A 2.5-mm intramedullary guidewire is cen-
tered in the canal to guide harvest. For the femoral harvest, the
wire can be pre-bent to allow intraoperative readjustment to
harvest from the center of the distal aspect of the femur and
both condyles82. Frequent intraoperative fluoroscopy in both
the anteroposterior and lateral planes is required to prevent
cortical breaching.

As the filtrate is suctioned off, the residual material in the
filter contains the harvested bone graft, which is a combination
of bone marrow and reamed cortical bone fragments. Several
authors have suggested that reaming does not substantially
decrease the strength of the femur, but fracture at the harvest
site has been reported30,87. Weight-bearing recommendations
and fracture risk associated with an RIA harvest are incon-
clusive (Grade-I recommendation). The RIA should be con-
sidered an option for autogenous graft in patients at risk for
infection at other harvest sites, who may have an insufficient
volume of iliac crest bone stock, who have previously had bone
graft harvested from the iliac crest, or in patients in whom the
volume of bone graft needed exceeds that which is available
with traditional techniques82 (Grade-C recommendation).

Complications
Several authors have reported equipment problems including
eccentric reaming from guidewire displacement, lodging of the
reamer in the canal, and product malfunctions30,82,84. Two of the
most important complications include hemodynamic com-
promise and iatrogenic fracture82,83. Because of the nature of
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continuous suctioning and reaming, a high volume of blood
can be aspirated from the intramedullary canal; however, the
average operative blood loss for this harvest technique has been
reported82 to range from 200 to 500 mL. Scharfenberger and
Weber harvested an average of 73 cm3 of bone graft from eight
patients who had a mean decrease in hemoglobin level of 4.4 g/dL
and a mean decrease in hematocrit level of 12.3%, with one of
the eight patients requiring a transfusion83. Quintero et al. re-
ported a single case of a patient in whom the RIA head lodged
in the femoral isthmus for three minutes, with resultant he-
modynamic instability requiring acute volume resuscitation82.
We experienced a similar event in which 1500 mL of blood was
lost rapidly, requiring acute volume resuscitation. To minimize
this risk, the RIA suction should be discontinued and the
reamer removed whenever reaming is not in progress, or if the
reamer becomes incarcerated in the canal82 (Grade-I recom-
mendation). The risk of incarceration can be reduced by
reaming no more than 1.0 to 1.5 mm larger than the isthmus of
the intramedullary canal80 (Grade-I recommendation).

Iatrogenic fracture can result if the reamer follows an
eccentric path in the intramedullary canal, and breaching of
the anterior or medial cortex results82 (Grade-C recommen-
dation). Quintero et al. reported the cases of two patients in
whom the anterior cortex was breached82. This complication
can be avoided with frequent intraoperative fluoroscopy to
evaluate the reamer path and cortical thinning88. Reaming of
the distal cortices should be discontinued once adequate bone
graft has been obtained as this is also associated with iatrogenic
fracture in osteopenic patients82 (Grade-I recommendation).
Lowe et al., in a series of ninety-seven patients who had RIA graft
harvests, reported that complications developed in six patients,
for an overall rate of 6.2%84. Iatrogenic fracture occurred with
minimal trauma in four patients (4.1%). The authors noted that
a history of osteoporosis or radiographic osteopenia was a risk
factor for iatrogenic fracture after RIA harvest84.

Belthur et al. retrospectively reviewed the cases of forty-
one patients who underwent RIA harvest from the tibia or
femur and compared this group with a control group of forty
patients who had bone graft harvested from the iliac crest30. In
one (2.4%) of forty-one patients, eccentric reaming led to a
perforation of the distal part of the anterior femoral cortex with
localized pain for four months. A second complication oc-
curred in one patient (2.4%) who had excessive reaming of the
femoral neck through the piriformis entry portal that required
prophylactic fixation. Lower pain scores were reported for the
RIA group compared with the iliac crest bone-graft group30. No
episodes of superficial or deep hematoma formation, deep
infection, or fat embolism were noted in the RIA group. In the
iliac crest bone-graft group, one patient (2.5%) had a hema-
toma and three (7.5%) had deep infections30 (Grade-C rec-
ommendation). At the current time, the literature is inadequate
to provide sound recommendations for or against the RIA.

Induced Membranes
The options for managing bone defects of ‡6 cm have tradi-
tionally been limited to major operative reconstructions including

major cancellous grafting, vascularized and nonvascularized fib-
ular autograft and bone transport (the Ilizarov method) along with
an endoprosthesis, and other nonbiological options80,90-92. Can-
cellous autograft has been recommended for voids of £5 cm with a
well-vascularized, healthy recipient site43. Recently, Masquelet and
Begue introduced the so-called induced membranes treatment
technique90. This method has shown favorable union rates, even
in tissue beds with recent irradiation or infection, and may be a
viable option for patients who are poor medical hosts, are not ideal
candidates for other more complex reconstructive options, or have
large bone voids (Grade-C recommendation).

Masquelet and Begue retrospectively reviewed a series of
thirty-five reconstructions of bone defects ranging from 5 to
24 cm and observed radiographic healing at four months in all
of the patients90 (Grade-C recommendation). Union was in-
dependent of defect length, and all deep bone infections had
resolved by 8.5 months90,93 (Grade-C recommendation). In a
rabbit model, Pelissier et al. found that the induced membrane
produced multiple cytokines potentially responsible for pro-
moting union and bone graft consolidation including vas-
cular endothelial growth factor (VEGF), bone morphogenetic
protein-2 (BMP-2), and transforming growth factor-beta 1
(TGF-b1)93 (Grade-B recommendation). The membrane itself
is highly vascularized, with a synovium-like inner surface and
an outer layer of fibroblasts and collagen90.

The induced membranes technique is a two-stage pro-
cedure. The first stage requires complete excisional debride-
ment of necrotic or compromised tissue at the nonunion site
similar to the Papineau procedure for chronic osteomyelitis94.
This stage is completed with the application of a polymethyl-
methacrylate cement spacer (with or without antibiotics) placed
into the bone void, which provides provisional stability as well as
a surface for pseudomembrane formation. After a period of four
to six weeks, the second stage, or reconstructive stage, begins
with spacer removal. The pseudosynovial membrane, or in-
duced membrane, void is filled with autogenous cancellous bone
graft90,91,93. The membrane should be sutured closed in order to
contain the graft and thus prevent the collapse of soft tissue into
the defect and the invasion of inflammatory cells. This mem-
brane appears to protect the autograft from rapid resorption
and to promote graft consolidation90,91,93 (Grade-C recommenda-
tion). Another adjuvant method combines the induced membranes
technique with RIA graft to fill large bone voids80,95 (Grade-C
recommendation).

Overview
Cancellous autogenous bone graft can be harvested from the
iliac crest, proximal part of the tibia, distal end of the radius,
distal end of the tibia, and greater trochanter. The novel
technique of intramedullary bone-graft harvest with use of the
RIA provides a possible alternative, although outcomes and
complications with this technique are not yet fully defined. The
induced membranes method can be combined with any of the
graft options for management of more complex bone defects
or voids. The most common complication noted with bone-
graft harvest is persistent pain at the donor site, but the most
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concerning complications are deep infection and fracture at the
donor site. Fortunately, these major complications are rela-
tively rare. The orthopaedic surgeon must be familiar with the
indications, techniques, and potential complications of each of
these options for autogenous bone-graft harvest.

Appendix
A table showing the Level-of-Evidence grades for the au-
togenous bone graft recommendations is available with the

online version of this article as a data supplement at jbjs.org. n
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