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Abstract. Background/Aim: Non-vascularized methods to
reconstruct bone defects following tumor resection are
associated with complications. As a result, the free
vascularized fibular flap (FVF) has become a mainstay for
reconstruction. The purpose of this study was to analyze FVF
reconstruction in the upper extremity. Patients and Methods:
We reviewed 28 (14 female and 14 male, mean age of 29±20
years) patients reconstructed with an FVF in the upper
extremity following tumor resection. Reconstruction most
commonly involved the humerus (n=17, 61%) and a
malignant (n=23, 82%) tumor. Results: The limb salvage rate
was 93% (n=26), with primary union occurring in 71%
(n=20) of patients. Following bone grafting the overall union
was 96% (n=27) at a mean 13±11 months. At most recent
follow-up the mean MSTS93 rating was 82±22%. Conclusion:
FVF effectively provided a functional reconstruction
following tumor resection. Although, one in four patients will
need additional bone grafting, the overall union rate is high.

Limb salvage is the preferred treatment in patients
undergoing resection of a neoplasm in the extremities (1, 2).
Following oncologic resection, reconstructive surgeons can
encounter large (>5 cm) segmental bone defects. High rates
of infection, nonunion, and fracture have been reported with
non-vascularized methods of boney reconstruction (3-7). To
provide a biological solution, the free vascularized fibular
flap (FVF) has become the gold standard vascularized bone
graft (8-12). The benefits of using a vascularized fibula
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include its vascular pedicle length, propensity to hypertrophy,
and ease of access for harvest (12-15). In the oncologic
setting, the unique properties of this flap make it favorable in
patients undergoing chemotherapy and radiotherapy (16-18).
High limb salvage rates have been reported in FVF
reconstructions following malignant tumor resection (10, 1821). Vascularized fibulas have been shown to be effective in
reconstruction of bony defects in the upper extremity, in the
setting of traumatic injuries or infection (20, 22-27). Despite
these reports, there is a paucity of data regarding the long-term
limb salvage outcomes following tumor resection and
reconstruction with a vascularized fibula in the upper
extremity. Our study seeks to analyze rates of overall survival,
disease free survival, reoperation free survival, complications
and function following limb salvage following FVF
reconstruction in the upper extremity after tumor resection.

Patients and Methods

Following Institutional Review Board (IRB) approval, retrospective
review of medical records of patients having undergone
reconstruction with a vascularized fibula after tumor resection in the
upper extremity between 1995 and 2017 was carried out. Patients
with both benign and malignant tumors were included. Thirty
patients fitting these criteria were identified. Two patients with less
than one year of postoperative follow up were excluded. The study
group consisted of 28 [14 females (50%) and 14 males (50%)]
patients, of which 23 (82%) had malignant tumors and 5 (18%) had
benign aggressive tumors requiring an en bloc resection (Table I).
The mean age was 29±20 years at time of initial operation and
osteosarcoma (n=9, 32%), chondrosarcoma (n=4, 14%), Ewing
sarcoma (n=4, 14%), and giant cell tumor (n=4, 14%) were the most
common tumor pathologies. Fibular graft recipient sites were the
humerus (Figure 1, n=17, 61%), the radius/ulna (n=10, 36%), and
the clavicle (n=1, 4%). Mean graft length was 14±6 cm, while mean
tumor volume at initial operation was 65±86 cm3. Four (14%) of
the FVF were composite osteocutaneous flaps. The anastomosis was
completed in an end-to-side (n=20, 71%) and end-to-end (n=8,
29%) fashion, either using the brachial or a side branch from the
brachial (n=15, 54%), radial (n=8, 29%), ulnar (n=2, 7%), profunda
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brachii (n=1, 4%), posterior collateral (n=1, 4%), or transverse
cervical (n=1, 4%).
Union was defined as the presence of bridging callus on three of
four cortices on anteroposterior and lateral plain radiographs, or an
absent osteotomy line at both ends of the graft as reviewed by
musculoskeletal radiologists at our institution. The status of patient
survival, disease recurrence, and limb salvage was recorded at final
follow up, with all patients having at least 1-year of clinical followup. Limb salvage failure was defined as amputation or fibular graft
removal. Functional outcomes were assessed using Musculoskeletal
Tumor Society (MSTS93) ratings and Mankin functional outcome
scores (28, 29).
Patients were monitored postoperatively for recurrence at our
institution with radiographs and cross sectional imaging of the
involved extremity and, depending on the histology of the tumor, a
computed tomographic (CT) scan of the chest or chest radiograph
for tumor recurrence was performed every 3 to 4 months for the
first 2 years, then every 6 months for years 2 to 5, and then annually
for years 5 to 10. Outside imaging was sent to our institution for
review when patients were unable to travel for follow up
appointments. Mean follow up was 7±5 years.
Overall survival, disease free survival, reoperation, primary union,
and limb salvage were determined using the Kaplan–Meier model.
Odds ratios were calculated to assess risk factors for failure of primary
union. Statistical significance was assigned for p-values<0.05.

Results

Fibular graft union. Primary union occurred in 20 patients
(71%) at a mean of 9±8 months (Table II) postoperatively.
Of the eight patients who did not unite primarily, seven
ultimately united after undergoing subsequent operative
autogenous bone grafting at a mean of 8±3 months
postoperatively. Following this, 27 patients (96%) united at
a mean of 13±11 months. One patient (4%) had a persistent
non-union in the humerus despite subsequent operative
grafting and underwent a total elbow arthroplasty.
Female gender was associated with failure of primary
union (OR=13.0, 95%CI=1.32-128.11; p=0.03) (Table III).
In addition, primary union did not occur in any of the
patients with diabetes (n=2). Of the patients with diabetes
(n=2), one patient achieved overall union after secondary
operative grafting and one patient failed to unite overall.
Age, tumor location above the elbow, radiotherapy, and
adjuvant chemotherapy were not associated with failure to
achieve primary union.

Complications. Complications occurred in 18 (64%) patients
postoperatively (Table II). Seventeen patients (61%)
experienced recipient site complications (Table II) including
delayed union (n=8), fibular graft fracture (n=4), and
infection (n=4). Other recipient site complications included
ulnar impaction (n=1), compartment syndrome (n=1),
hematoma (n=1), and hardware loosening (n=1). Two
patients (7%) experienced donor site complications including
claw toes (n=1) and wound dehiscence (n=1).
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Table I. Patient and disease demographics.
Mean age
Pediatric patients
Age<40
Female (Male)
Mean graft length
Mean tumor volume
Pathology
Osteosarcoma
Chondrosarcoma
Ewing sarcoma
Giant cell
Multiple myeloma
Desmoplastic fibroma
Liposarcoma
Epithelioid hemangioendothelioma
Synovial sarcoma
Location
Humerus
Radius/Ulna
Clavicle

29±20
12
19 (68%)
14 (14)
14±6 cm
65±86 cm3
9 (32%)
4 (14%)
4 (14%)
4 (14%)
3 (11%)
1 (4%)
1 (4%)
1 (4%)
1 (4%)

17 (61%)
10 (36%)
1 (4%)

Table II. Data on fibular graft outcomes and complications.
Mean follow-up
Mean time to union
Overall rate of union
Rate of primary union
Rate of limb salvage
Complication rate
Recipient site complication rate
Delayed union
Fibular graft fracture
Infection
Nerve palsy
Hardware pain
Other
Donor site complication rate
Claw toes
Wound dehiscence

7±5 years
13±11
27 (96%)
20 (71%)
26 (93%)
18 (64%)
17 (61%)
8 (29%)
4 (14%)
4 (14%)
2 (7%)
2 (7%)
4 (14%)
2 (7%)
1 (4%)
1 (4%)

Other recipient site complications: ulnar shortening (n=1), compartment
syndrome (n=1), hematoma (n=1), hardware loosening (n=1).

Complications resulted in reoperations in 11 (39%)
patients, with 4 (14%) patients having multiple operations.
In addition to the patients who underwent repeat autogenous
bone grafting (n=8), other indications for reoperation of
complications were fixation of fibular graft fracture (n=2),
irrigation and debridement for infection (n=2), ulnar
shortening osteotomy (n=1), hematoma evacuation (n=1),
and compartment release (n=1).

Functional outcomes. Following reconstruction, the mean
MSTS93 rating for the group was 82±22% (Table IV). A
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Figure 1. Preoperative radiograph of a pediatric patient with a
destructive lesion in the humerus (A) which was biopsied and
found to be an Ewing sarcoma. The fibula was then
intussuscepted into the cut bone ends, and compressed and
spanned with a locking plate (B). At most recent follow-up, the
fibula has hypertrophied and the humerus has had continued
growth (C).

good to excellent Mankin functional outcome score was
achieved in 20 patients (71%). Reconstruction failures
occurred in 3 patients (11%) that died from distant
metastases and 2 patients (7%) who underwent amputation
to treat local recurrence.

Disease-specific and recurrence-free survival. Overall
disease-free 2-, 5-, 10-, and 15-year recurrence free survival
rates were 93%, 76%, 70%, and 47%, respectively. Eight
patients (29%) experienced disease recurrence at a mean
time of 4±5 years after limb salvage surgery. Among these,
5 patients (18%) experienced distant metastases, while 3
patients (11%) experienced local recurrence. Sites of distant
metastasis were the lung (n=3), ilium (n=1), and
retroperitoneum (n=1). Local recurrence 2-, 5-, 10-, and 15year survival rates were 96%, 91%, 84%, and 84 %,
respectively. For the same time points, distant metastasis
survival rates were 96%, 83%, 83%, and 55%, respectively.

Discussion

The free vascularized fibular flap has proved to be a
workhorse flap for extremity bony defect reconstruction (9,
13, 15, 16, 30-33). Most published studies report on a
combination of various anatomical locations and indications
for the fibula flap with relatively few studies focusing on
oncologic upper limb salvage with a fibula (10, 20, 22-24,
31, 34). We sought out to specifically investigate outcomes
of limb salvage with a vascularized fibular flap following
tumor resection in the upper extremity.
The overall limb salvage rate was high, at 93% (n=26).
For the two patients with failed limb salvage, amputation
occurred 3- and 6-years after initial limb salvage surgery.
Both patients originally had a malignant tumor of the
humerus and required forequarter amputation for local
recurrence, and both died during follow up. In a series of
oncologic limb salvage operations with a vascularized fibula
at the humerus, there have been historically no cases of
amputation (20, 24). In both studies, no patients had local

disease recurrence (20, 24). Provided local recurrence does
not occur, amputation can be avoided in many tumor cases
with upper extremity limb salvage surgery using a
vascularized fibula.
The rate of primary union in this study (71%) is similar
to other previous reports in the upper extremity (23, 24).
Larger studies with mixed anatomical locations yielded
similar primary union rates and overall union rates to ours,
with a similar mean time to union (10, 18, 19). Less
favorable rates of union and times to union have been
reported in reconstruction of defects in the humerus or
clavicle with a vascularized fibula (20, 23). In the current
series, union outcomes in the humerus or clavicle were
similar to the cohort as a whole, with 72% (n=13) achieving
primary union at a mean time of 10±10 months. Likewise,
no association was identified between failure of primary
union and reconstruction location proximal to the elbow. In
contrast to our findings, a similar series consisting of upper
and lower extremity limb salvage operations reported
adjuvant chemotherapy to be associated with failed primary
union, while gender was not associated with failed primary
union in this study (10).
Complications were common, with 64% (n=18) of patients
experiencing at least one complication. Similar to other reports,
infection, graft fracture, and delayed union were the most
frequently observed complications (7, 10, 18-20, 24). Delayed
union was effectively managed with additional autogenous
operative bone grafting in 88% (n=7) of cases of delayed
union. The patient which failed to unite after secondary
grafting went on to have a total elbow arthroplasty and humeral
replacement, followed by amputation for local recurrence.
Three of four fibular flap fractures occurred at the humerus,
with 18% of humerus reconstructions experiencing fracture.
Graft fractures at the humerus were treated using open
reduction and internal fixation (n=1), sling immobilization
(n=1), and shoulder spica cast immobilization (n=1). Open
reduction and internal fixation was used in the one graft
fracture at the radius. Radiographic evidence of healing was
achieved in all cases of fibular graft fracture.
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Table III. Factors associated with failure of primary union.
Patient factors

Odds ratio
(95%CI)

Pediatric
0.73 (0.14-3.94)
Age<40
0.33 (0.06-1.85)
Female
13.0 (1.32-128.11)
Above elbow
0.90 (0.16-4.92)
Diabetes
∞
Tobacco use
1.89 (0.25-14.19)
Chemotherapy during postoperative period 0.54 (0.10-2.84)
History of radiation
2.40 (0.40-14.56)
Use of iliac crest bone graft
0.60 (0.11-3.21)
Spanning locking plate
1.67 (0.31-8.93)
Bold value shows significance.

p-Value
1.00
0.37
0.03
1.00
0.07
0.61
0.67
0.63
0.69
0.69

Following reconstruction, a majority of patients
experienced a “good” to “excellent” Mankin functional
outcome, while mean MSTS93 rating for the group was high.
Disease recurrence and amputation were primary causes for
failed Mankin scores and low MSTS93 ratings. Provided
local recurrence is avoided, most patients can experience a
functional outcome following FVF limb salvage in the upper
extremity.
Our study has some limitations. Although this is a large
series of upper extremity reconstruction, the numbers remain
small and as such limited the analysis we were able to
perform. In addition, the resections span a long time period
with multiple surgeons involved in the care, that being said,
all resections were performed by subspecialty training
orthopedic oncologists and reconstructive surgeons. Each
resection was different based on the unique characteristics of
the tumor and the tissues sacrificed for an oncological
resection, and as such each resection was different. Also, the
retrospective nature of this study limits the quantity and
quality of data available for analysis.
Overall limb salvage of the upper extremity can be
reliably carried out with a vascularized fibula following
resection of a benign or malignant tumor. Although
complications are common, following reconstruction,
patients should expect excellent functional outcomes
following graft union.
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Table IV. Functional outcomes after limb salvage.
MSTS93 rating
Mean (SD)
Mankin rating
Excellent
Good
Fair
Failure
Amputation
Death following distant recurrence

MSTS: Musculoskeletal tumor society.

Outcome measure
82±22%

13 (46%)
7 (25%)
2 (7%)
5 (18%)
2 (7%)
3 (11%)
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