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Abstract Skeletal reconstruction of large tumor resection
defects is challenging. Free vascularized fibular transfer
offers the potential for rapid autograft incorporation in
limbs compromised by adjuvant chemotherapy or radia-
tion. We retrospectively reviewed 30 patients treated with
free vascularized fibular graft reconstruction of large
skeletal defects after tumor resections (mean defect length,
14.8 cm). The minimum followup was 2 years (mean,
4.9 years; range, 2—15 years). One patient died with liver
and lung metastases at 3 years postoperatively. Loss of
limb occurred in one patient. Five patients either had
metastatic disease (one patient) or had metastatic disease
(four patients) develop after treatment, with a mean time to
metastasis of 18 months. The overall complication rate was

Each author certifies that he or she has no commercial associations
(eg, consultancies, stock ownership, equity interest, patent/licensing
arrangements, etc) that might pose a conflict of interest in connection
with the submitted article.

Each author certifies that his or her institution approved the human
protocol for this investigation and waived informed consent for
participation in the study and all investigations were conducted in
conformity with ethical principles of research.

This work was performed at Duke University Medical Center.

W. C. Eward (IX)

Division of Orthopaedic Surgery, Department of Surgery,
Duke University Medical Center, Orange Zone, Box 3000,
Durham, NC 27710, USA

e-mail: w.eward@alumni.duke.edu

W. C. Eward, V. Kontogeorgakos, B. E. Brigman
Orthopaedic Oncology Service, Duke University Medical
Center, Durham, NC, USA

L. S. Levin

Departments of Orthopaedic and Plastic Surgery, Hospital of the
University of Pennsylvania, Philadelphia, PA, USA

@ Springer

16 of 30 (53%), with a reoperation rate of 12 of 30 (40%).
Union was attained in all 30 grafts. Primary union was
attained in 23 (77%) at a mean of 6 months. Secondary
union was achieved in seven (23%) after revision fixation
and bone grafting; the mean subsequent time to union was
9.2 months, with an index of 1.33 additional operations per
patient. Graft fracture (20%) and infection (10%) were
other common complications. Despite a high complication
rate, free vascularized fibular graft reconstruction offers a
reliable treatment of large skeletal defects after tumor
resection without increased risk of limb loss, local recur-
rence, or tumor metastasis.

Level of Evidence: Level IV, case series. See Guidelines
for Authors for a complete description of levels of
evidence.

Introduction

Limb salvage surgery has largely replaced amputation for
operative treatment of multiple types of neoplasms in the
upper and lower extremities [2, 25, 28, 32]. However,
skeletal reconstruction after bone loss remains challenging
with regard to limb length preservation, cosmesis, and
function. Patients requiring resection of sarcomas, in par-
ticular, are often young and thus subject their reconstructed
limbs to high functional demands and cosmetic scrutiny.
Multiple reconstructive options for skeletal defects
exist, including allografts [4, 8, 12, 15, 21, 25, 26, 29],
autografts [1-7, 9, 11, 13-20, 33], and endoprostheses
[10, 22, 24, 25, 31]. Given the relatively young age of most
patients with a primary bone sarcoma [11, 22], there is a
premium on durability of reconstruction. As biologically
favorable alternatives to allograft reconstruction have
evolved, reconstruction techniques using free vascularized
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bone have become well-described and well-established
[9, 10]. Of the multiple osseous donor sites, the free vas-
cularized fibular graft (FVFG) has become the most
commonly transferred vascular autograft for reconstructing
segmental bone defects after trauma, nonunion, pseudar-
throsis, osteonecrosis, and tumor resection [9, 10, 22, 24].
The process of microvascular free fibular transfer was first
reported in 1975 by Taylor et al. [30] who described two
patients with limb-threatening lower extremity trauma. In
1977, Weiland et al. [32] reported the first reconstruction of
long bones with vascularized fibula after tumor resection.
Since these early reconstructions, complication rates
reported after FVFG reconstruction remain high (37%—
80%), although the frequency of the different complica-
tions varies widely [1, 3, 5, 6, 9, 15].

Unlike cortical allograft and nonvascularized autograft,
vascularized bone grafts do not depend on gradual revas-
cularization [5, 9, 10]. Revascularization of nonvascu-
larized autograft and allograft is slow and usually restricted
to the peripheral third of the graft [2, 5, 12]. Thus allograft
and nonvascularized autograft heal by creeping substitu-
tion, the slow process of simultaneous osteoclastic and
osteogenic activity, which weakens these grafts and renders
them susceptible to nonunion, delayed union, and fracture
[15, 17, 23]. Consequently, their use is limited to defects
smaller than 5 to 8 cm in length. Vascularized autografts,
in contrast, retain their biologic and mechanical properties,
heal by primary union, and can hypertrophy in response to
load [13] (Fig. 1). The FVFG offers broader structural
application and lower donor site morbidity than vascular-
ized rib or iliac crest grafts [19]. The FVFG can provide
a cortical strut for reconstructions up to 26 cm in length
[3, 24]. Additionally, the robust dual blood supply of the
fibula with its arborescent nutrient endosteal vessels and
six to nine periosteal vessels renders it amenable to trans-
verse and longitudinal splitting. Reconstructions using
FVFG have the potential for rapid union and are more
resistant to infection in hostile environments than allografts
[6]. This offers the potential to minimize complications in
patients whose underlying physiologic milieu may be
compromised owing to chemotherapy, immunosup-
pression, or radiation therapy. Numerous authors have
described FVFG for reconstruction after resections for
tumors, yet their reports contain little data regarding patient
survival, local recurrence, or tumor metastasis and variable
data regarding specific complications [1, 3, 5, 6, 9, 15, 33].

Based on our clinical experience with 30 free vascu-
larized fibular transfers for reconstruction of skeletal
defects after oncologic resection, we investigated six
variables (three oncologic parameters and three common
complications): (1) limb survival, (2) local recurrence, (3)
tumor metastasis, (4) graft nonunion, (5) graft fracture, and
(6) infection.

Fig. 1A-B (A) A radiograph shows an AP projection of the humerus
of a patient (aged 15 years) taken 9 years after FVFG reconstruction
of the proximal diaphysis after resection of an osteosarcoma. (B) A
lateral view of the same humerus is shown. The fibula has
hypertrophied to the approximate size of unresected portions of the
distal diaphysis.

Patients and Methods

We retrospectively reviewed our records for all 30 FVFG
reconstructions of skeletal defects after tumor resection
performed between 1980 and 2006. Patients were identified
from oncology and reconstructive surgery databases and
medical records were reviewed to supplement information
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from the database. We recorded patient demographics,
primary diagnosis, prior surgical procedures, location of
malignancy, presence of metastatic disease, survivorship,
adjuvant therapy, medical history, presence of local
recurrence, complications (including infection rates), and
operative details. Fifteen male and 15 female patients were
identified, with a mean age of 29.3 years (range, 7-
75 years) (Table 1). There were 27 primary bone tumors
and three soft tissue sarcomas invading underlying bone.
Sites of resection and reconstruction included the femur
(n =9), tibia (n = 8), radius (n = 7), humerus (n = 5),
and ulna (n = 1). Primary osseous tissue diagnoses
included osteosarcoma (n = 14), giant cell tumor (n = 4),
chondrosarcoma (n = 2), adamantinoma (n = 2), Ewing’s

Table 1. Summary of demographic data

sarcoma (n = 1), fibrosarcoma (n = 1), malignant fibrous
histiocytoma (n = 1), aneurysmal bone cyst (n = 1), and
intraosseous hemangioma (n = 1). Diagnoses for soft tis-
sue sarcomas invading bone included malignant fibrous
histiocytoma (n = 1), synovial sarcoma (n = 1), and lip-
osarcoma (n = 1). The minimum followup was 2 years
(mean, 4.9 years; range, 2—15 years). No patients were
recalled specifically for this chart review study. No patients
were lost to followup. We had prior Institutional Review
Board approval with a waiver of written consent from
patients.

Twenty-four resections were for malignant bone or soft
tissue tumors and six resections were for aggressive benign
tumors of bone. Wide resection of the primary tumor was

Patient Resected Resection Age Gender Diagnosis Flap type Status Followup
limb length (cm) (years) (years)

1 Femur 15 30 Female Osteosarcoma Osseous Living 4

2 Radius 9 17 Female Giant cell tumor Osteocutaneous Living 3

3 Radius 10 74 Female Giant cell tumor Osseous Living 3

4 Humerus 18 11 Male Osteosarcoma Osteocutaneous Living 4.5
5 Femur 17 30 Male Synovial sarcoma Osseous Living 35
6 Humerus 15 75 Male Chondrosarcoma Osseous Living 25
7 Ulna 14 13 Male Ewing’s sarcoma Osseous Living 2
8 Femur 14 53 Male Liposarcoma Osseous Living 15

9 Humerus 13 6 Male Osteosarcoma Osseous Living 8
10 Tibia 22 33 Female Cortical arteriovenous Osteocutaneous Living 5

malformation
11 Femur 18 50 Female Malignant fibrous Osseous Dead 3
histiocytoma

12 Radius 11 12 Male Osteosarcoma Osseous Living 7
13 Humerus 11 47 Female Osteosarcoma Osseous Living 2
14 Tibia 15 26 Female Osteosarcoma Osseous Living 12
15 Humerus 12 7 Male Chondrosarcoma Osseous Living 10
16 Radius 11 60 Female Giant cell tumor Osseous Living 2.5
17 Tibia 23 15 Male Adamantinoma Osseous Living 6
18 Tibia 20 24 Male Adamantinoma Osseous Living 3
19 Femur 19 15 Male Osteosarcoma Osseous Living 2
20 Femur 20 16 Female Osteosarcoma Osseous Living 2
21 Femur 20 14 Female Osteosarcoma Osseous Living 4
22 Tibia 22 19 Male Osteosarcoma Osseous Living 35
23 Tibia 10 29 Female Giant cell tumor Osseous Living 5
24 Radius 22 30 Male Osteosarcoma Osseous Living 4
25 Tibia 17 20 Male Osteosarcoma Osseous Living 3
26 Radius 7 27 Female Aneurysmal bone cyst Osseous Living 4
27 Femur 15 16 Male Osteosarcoma Osseous Living 7
28 Radius 18 18 Female Fibrosarcoma Osseous Living 2
29 Femur 16 42 Female Osteosarcoma Osseous Living 13
30 Tibia 10 49 Female Malignant fibrous Osseous Living 2.5

histiocytoma
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attempted in all patients. Twenty-four FVFG reconstruc-
tions were performed at the time of tumor resection and six
were performed in delayed fashion. There were six osteo-
cutaneous and 24 osseous grafts. Resections were
performed by one of three orthopaedic surgeons (BEB,
LSL, JH). Harvest and inset of FVFG were performed by
one of four orthopaedic or plastic surgeons. Fibulas were
harvested through a standard technique [20]. Arterial
anastomosis was generally end-to-end using various donor
vessels. Venous anastomosis was generally end-to-end
using either one or two associated venae comitantes [20].
When an osteocutaneous flap was not used, Cook implant-
able Doppler probes (Cook Vascular Inc, Vandergrift, PA)
were placed into recipient vessels. The mean length of the
skeletal defect after resection was 14.8 cm. The mean
length of the inset fibula was 17.5 cm. Osteosynthesis was
adapted for individual reconstructions by one of the three
surgeons but typically involved plate and screws (n = 17),
intramedullary nail (n = 9), external fixation (n = 3), or
screws alone (n = 1). Twenty-one reconstructions were
intercalary and seven were for arthrodesis (four wrist, two
ankle, one knee); there were two epiphyseal transfers.

We instituted continuous elevation of the limb for the
first 14 postoperative days in patients with upper extremity
grafts and lower extremity grafts below the knee. When
necessary (eg, for patient transfer), a dependent position
was permitted for less than 30 seconds at a time during this
period. Patients with femoral grafts received 3 days of bed
rest. For all patients, supervised passive ROM was initiated
in the hospital beginning on the second postoperative day
under the guidance of an inpatient physical therapist (lower
extremity grafts) or an occupational therapist (upper
extremity grafts). For patients with lower extremity grafts,
supervised instruction was given for transfer to a wheel-
chair with elevated leg rests by a physical therapist. Active
ROM and dependent limb position were permitted in the
third postoperative week. Use of crutches or a walker for
mobility without weightbearing on the operative leg was
guided by a physical therapist for patients with lower
extremity grafts. All patients were restricted from weight-
bearing in the operated extremity until the following
criteria were met: absence of pain and periosteal new bone
formation bridging the osteosynthesis site on two orthog-
onal radiographic projections as determined by one of three
treating surgeons (BEB, LSL, JH).

Clinic followup occurred 2 weeks postoperatively for
suture/staple removal and wound inspection, 6 weeks
postoperatively, and then every 4 to 8 weeks until osseous
union was deemed adequate by one of three treating sur-
geons (BEB, LSL, JH). Radiographs were obtained at every
postoperative visit during this time. For the purpose of
radiographic evaluation, all postoperative radiographs were
evaluated independently by one, blinded musculoskeletal

radiologist (CH) for evidence of union, hypertrophy,
resorption, fracture, or hardware migration. Osseous union
was defined as described by Gebert et al. [9] and included
attenuation or absence of osteotomy line, presence of
external bridging callus, or bony trabeculae spanning the
osteosynthesis site.

Results

Twenty-nine of 30 patients (97%) retained a functionally
salvaged limb during the followup; we converted one
reconstruction to an amputation. At the end of the study
period, one patient had died (Table 1) of metastatic disease.

Two patients had local recurrences (Table 2). One had a
hemicortical resection of the femur for treatment of syno-
vial sarcoma of the thigh that invaded bone. This was
reconstructed with a FVFG and intramedullary nail. Local
recurrence and lung metastases were diagnosed simulta-
neously 2.5 years postoperatively. The other patient had a
giant cell tumor of the distal tibia and has had three total
episodes of local recurrence despite repeat resection.

Five patients (17%) had metastatic disease (Table 2).
One patient had lung metastasis at presentation (osteosar-
coma). Three patients had lung metastasis develop (two
with osteosarcoma, one with synovial sarcoma). One
patient with malignant fibrous histiocytoma had liver and
lung metastasis and did not survive. The mean time to
metastasis was 18 months (range, 4-30 months).

There was an overall complication rate of 53% (16 of
30). The reoperation rate was 40% (12 of 30) (Table 3).
Nonunion was the most common complication (23%).
Union ultimately was attained in all 30 grafts (Fig. 2).
Twenty-three patients (77%) achieved successful union

Table 2. Summary of oncologic progression

Oncologic Value

outcome

Survival rate 30/30 (100%) alive at 2-year followup

1/30 (3%) died (malignant fibrous histiocytoma
with lung and liver metastases) in 3rd year

Metastatic rate 5/30 (17%) with metastatic disease at a minimum
of 2 years followup: 1 patient with metastases
at presentation (osteosarcoma); 4 patients with
metastases postresection (osteosarcoma, n = 2,
metastatic to lung; synovial sarcoma, n = 1,
metastatic to lung; malignant fibrous
histiocytoma, n = 1, metastatic to lung and
liver)

Mean time to 18 months

metastasis

Local recurrence 2/30 (6%) (synovial sarcoma, n = 1; giant cell
tumor, n = 1)
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Table 3. Summary of complications

Complication % of Number
complications of patients
Flap loss 0 0
Nonunion 23 7
Fracture 20 6
Posttraumatic fracture 10 3
Stress fracture 10 3
Infection 10 3
Total patients with complication 53 16
Total patients requiring reoperation 40 12

without additional interventions. Seven patients (23%) had
nonunions develop. Nonunions were seen at the proximal
osteosynthesis site in four patients, at the distal osteosyn-
thesis site in two patients, and proximally and distally in
one patient. Each ultimately progressed to union after
reoperation (consisting of revision fixation and bone
grafting) with an average of 1.33 subsequent operations
performed.

Graft fracture was the second most common complica-
tion (20%) (Fig. 3). There were six fractures. Fractures
occurred in two of five humeral grafts, two of nine femoral
grafts, and two of eight tibial grafts. No fractures occurred
in the radius or ulna. Four of six fractures were in fibulas
fixed with plate osteosynthesis, one in a fibula secured by
an external fixator (tibial reconstruction), and one in a
fibula secured via intramedullary nail (femoral recon-
struction). Three of the six fractures occurred after trauma
(humerus twice, femur once). The other three fractures
were stress fractures (tibia twice, femur once). One of the
stress fractures occurred 10 years after reconstruction.

Infection was the third most common complication
(10%) (Table 3). One patient had a superficial wound
infection that healed after débridement and local wound
care. One patient had osteomyelitis of the proximal tibia
develop 4 years after the index procedure and was treated
successfully with débridement and intravenous antibiotics.
One patient had osteomyelitis of the reconstructed distal
femur develop 10 years after the index procedure and had
conversion surgery to an above-knee amputation. One
patient with osteomyelitis of the distal femur after a pre-
vious allograft reconstruction was treated with resection of
the infected allograft and FVFG reconstruction and sus-
tained union without subsequent infection.

Discussion

Skeletal reconstruction of large oncologic resection defects
is challenging. Free vascularized fibular transfer offers the

@ Springer

Fig. 2A-B Five patients experienced nonunion at six different sites
(one patient experienced nonunion of the proximal and distal
osteosynthesis sites). These radiographs show the forearm of a 17-
year-old girl who underwent resection of a giant cell tumor of the
distal radius with FVFG reconstruction. (A) Nonunion of the proximal
osteosynthesis site 6 months postoperatively is shown. The patient
underwent bone grafting and revision internal fixation. (B) Sub-
sequent union was achieved by 13 months postoperatively. All five
patients with nonunions subsequently achieved union at a mean of
9.2 months, with an average of 1.33 additional procedures performed.

potential for rapid autograft incorporation in limbs com-
promised by adjuvant chemotherapy or radiation. There are
few series describing this specific application of FVFG
[6, 9, 27, 33]. Furthermore, these series report sparse data
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Fig. 3A-F Fractures of the fibular graft occurred in six patients
(20%). Three fractures occurred after trauma. Four of the six fractures
were in patients with plate osteosynthesis of the graft. These
radiographs show the arm of a 10-year-old boy who underwent
FVFG reconstruction of a proximal humeral defect after resection of
an osteosarcoma. (A) The incorporated graft is seen 6 months

regarding local recurrence or tumor metastasis and describe
variable rates of the different postoperative complications
[6,9, 27, 33]. The clinical series of patients who underwent
FVFG reconstruction of oncologic skeletal defects at our
institution offers the benefits of a large sample size, a large
defect size, and long-term followup relative to the existing
literature. Our primary goal was to describe the rates and
features of six specific clinical occurrences: (1) limb sur-
vival, (2) local recurrence, (3) tumor metastasis, (4) graft
nonunion, (5) graft fracture, and (6) infection. A secondary
goal of this study, and the focus of this discussion, was to
synthesize our outcomes in these six areas with those
reported in similar series (Table 4).

Several shortcomings must be acknowledged. First,
although we had a relatively large number of patients, our
analysis is limited by the accrual of subjects over an
extended period. Operative techniques, especially regarding
osteosynthesis and periarticular reconstruction, have
advanced during this time. Second, some means of func-
tional assessment we use presently (eg, the Musculoskeletal
Tumor Society 1993 rating scale) did not exist when the
data for first patients were entered in the database. The
resultant disparity in documentation of limb function
from one decade to the next prevents functional outcome

postoperatively. (B) Lateral and (C) AP views show a fracture
through the grafted fibula at the most proximal screw 10 months
postoperatively after a same-level fall. (D) AP and (E) lateral views
show a healed fracture after 6 months of nonoperative management.
(F) A radiograph shows the appearance of the humerus 3 years after
the index procedure and almost 2 years after the fracture occurred.

measures from being a part of this study. Third, although
FVFG hypertrophy was observed in all patients in this
study, changes in radiographic technique and equipment
during the study period make quantitative measures of graft
hypertrophy [9] unreliable. Despite these shortcomings, the
study does elucidate the anticipated complications and
results when FVFG is used in the treatment of large onco-
logic skeletal defects.

Previous series analyzing FVFG reconstruction of tumor
resection defects have reported 100% rates of limb salvage
(Table 4) and our data confirm those rates (97%) [6, 9, 27,
33]. Of these five series, ours had the longest mean defect
length, the greatest mean patient age, and the second-
longest followup. The one loss of limb in our series
occurred 10 years after the index reconstruction owing to
infection; perhaps with similarly long followup, other
investigations would find failures of limb salvage. By
comparison, the largest series of allograft reconstruction of
oncologic skeletal defects (718 reconstructions followed
for at least 2 years) had a 78% rate of limb salvage [21]. In
the series of Rodl et al. [26] with 17 allograft reconstruc-
tions after resection of high-grade malignant bone tumors,
only seven grafts survived 5 years, leading to the charac-
terization of allograft reconstruction as “at best a
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Table 4. Data comparison

Mean time
to union
(months)

Infection Bony

Graft

Most

Complication

Mean Patient Limb Local
rate

Mean

Mean

Number

Study

union
rate

rate

fracture
rate

common

recurrence

survival
(final

followup defect 2-year

patient
age

of subjects

complication

survival

length
(cm)

(years)

followup)

(years)

12
8

33% 86%

Fracture (40%) 40%

80%

0%
3%
8%
0%
6%

100%
100%
100%
100%

5.6 12 93%
NR

2.5

29

15
30
25

Rose et al. [27]

97%

10%
12%

0%
8%
24%

Infection (10%)

37%

97%

23

Zaretski et al. [33]

Chen et al. [6]

8.5

93%

Infection/nonunion (12%)

Fracture (24%)

52%

76%

13
14

NR

25.5
15
29

Unclear
7

Unclear
100%

4.8%
10%

52%

95%
100%

3.6
4.9

21

Gebert et al. [9]

20%

53% Nonunion (23%)

97%

14.8

30

Current study

NR = not reported.

temporary solution” in this scenario. Whereas the only
limb loss among the 131 FVFG reconstructions (Table 4)
occurred after 10 years, most limb loss after allograft
reconstruction occurs within the first 3 years postopera-
tively [4, 21, 26].

We investigated the rate of local recurrence because it is
an important component of the overall success of the pri-
mary operative procedure. However, we would not expect
the type of reconstruction after any limb-sparing resection
to directly influence the rate of local recurrence. Given an
inverse relationship between wound infection and local
recurrence after resection/reconstruction, some have spec-
ulated, because of the reported lower rates of infection with
FVFG reconstruction compared with allograft reconstruc-
tion, there might be an indirect influence on local
recurrence [6, 10]. We found no evidence to support this in
our series or on review of the literature. Previous series
have had reported local recurrence rates between 0% and
8%, which are similar to our rate (Table 4) [6, 9, 27, 33].
Similarly, Mankin et al. [21] reported a 10% local recur-
rence rate in 285 patients receiving allograft reconstruction
after limb-sparing resection of high-grade malignancies.
The rate of local recurrence in patients with nonhigh-grade
malignancies in that series was not reported [21].

Although limb salvage has replaced amputation as the
preferred treatment for malignant neoplasms of the
extremities, the preponderance of evidence that this may be
done safely without an increased risk of metastatic disease
comes from series describing allograft and endoprosthetic
reconstruction of resultant skeletal defects [8, 10, 11, 22,
25, 27]. Although we would expect the risk of metastatic
disease to be related to the resection technique and adjuvant
therapy, we believed it was important to investigate the rate
of metastatic disease in our series because little attention
has been given to this issue in other series investigating
FVFG reconstruction. Our overall metastatic rate of 17%
included one patient with osteosarcoma who had known
metastasis at the time of primary tumor resection; he was
disease-free 5 years postoperatively. Chen et al. [6]
reported development of distant metastasis in six of 25
patients (24%). Rose et al. [27], Zaretski et al. [33], and
Gebert et al. [9] did not report rates of metastatic disease,
although Zaretski et al. [33] and Gebert et al. [9] mentioned
this development in at least four of their combined 51
patients. The large series of allograft reconstructions of
oncologic skeletal defects of Mankin et al. [21] had a 38%
rate of metastatic disease. However, the poorer oncologic
outcomes in their series likely have more to do with poorer
adjuvant therapy options for the earlier patients rather than
the choice of reconstructive technique.

Like other reconstructive options for large skeletal
defects, FVFG reconstruction is associated with a high
rate of complications (Table 4). We found an overall
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complication rate of 53%. Forty percent of patients required
at least one additional operation. The lowest complication
rate in a similarly sized study was 37% [33], but that study
had a shorter followup. We found complications accrued
with time, with some complications occurring at greater
than 10 years’ followup. The highest complication rate in a
similar study was 80% [27], and this series was the only one
with a mean followup (5.6 years) longer than ours
(4.9 years). Our most common complication was nonunion
(23%), which is unique in comparison to similar studies
(Table 4). Fracture was the most common complication in
two series [9, 27], both of which were limited to FVFG
reconstruction of the upper extremity. Infection was the
most common complication in a third series [33]. Chen et al.
[6] reported infection and nonunion together at the top of
the list of complications in 25 patients at 12% each. Despite
nonunion being common in our series, the ultimate rate of
union was 100%, which is higher than in similar studies.
Our high rate of union compares favorably with other large
series of skeletal reconstructions using FVFG [6, 7, 19, 20,
23]. Although time to union is a difficult parameter to
measure in any rigorous way, Minami et al. [23] reported a
time to union (4 months) in a series of reconstructions
performed for various indications. Higher rate of union and
more rapid time to union are benefits of FVFG recon-
struction over allograft reconstruction. Although structural
allograft may be strong initially when compared with pre-
hypertrophic FVFG, the avascular nature of allograft does
not favor the biology of healing and renders these grafts
ultimately more susceptible to nonunion [2, 4, 8, 12, 21, 25,
26]. Similar oncologic reconstructive studies using allograft
have had reported final rates of nonunion of 34% and 17%,
respectively [4, 21].

Graft fracture was only slightly less common (20%) in
our series than nonunion. This complication is important
because it greatly alters rehabilitation and theoretically is
preventable by limiting weightbearing activity until graft
hypertrophy has occurred. Diagnosis may be difficult;
unlike native stress fractures, some graft fractures are
identified incidentally without antecedent complaints of
pain [23], as was the case in three of our patients. In similar
studies, rates of fracture have been highly variable, with
one series of 30 patients having no fractures [33] and
another series having fractures at a rate of 40% [27]. In our
series, there were traumatic fractures in two of five humeri
and no fractures in the radius or ulna. This is consistent
with the observations of Gebert et al. [9] who reported
fractures in five of 11 humeri and no fractures of the radius
or ulna. Conversely, the relatively low rate of lower
extremity fracture (one of eight tibias, two of nine femurs)
in our patients was different from the experience of others.
Arai et al. [1], de Boer et al. [7], and Minami et al. [23]
reported rates of lower extremity graft fracture between

25% and 45%. Although allograft fractures occur at a
similar rate [4, 21], they have a greater association with
failure of limb salvage when they do occur; in the series of
Mankin et al. [21], 49% of allograft reconstructions com-
plicated by fracture ended in failure. In another series of
allografts, the rate of fracture was 27%, but 75% of limbs
with a fractured allograft required either amputation or
revision reconstruction using another technique [4]. In
contradistinction, all six graft fractures in our series healed.
This represents another potential advantage of FVFG over
allograft.

Our rate of infection (10%) was comparable to those of
similar series (4.8%-33%) and was favorable when com-
pared with infection rates reported with allograft use
(16%-30%) [4, 8, 15, 21]. The one failure of limb salvage
in our study was attributable to graft infection. Of the 91
patients in the four studies similar to ours, there were no
failures of limb salvage attributable to graft infection [6, 9,
27, 33]. This is distinctly different from allografts, which
have failure rates in excess of 80% after infection [2, 4, 8,
21, 26, 29].

Although a high complication rate may be anticipated,
the free vascularized fibula may be used to reconstruct
large oncologic skeletal defects with a high rate of suc-
cessful limb salvage and without increased rates of local
recurrence or distant metastasis. Complications from non-
union, fracture, and infection presented challenges but
rarely prevented limb preservation in our patients with
long-term followup. Future prospective investigations
should attempt to identify risk factors for complications to
optimize this biologic reconstructive technique.
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