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1. Introduction

ABSTRACT

Introduction: Tumor resection is the gold standard treatment for soft tissue and bone sarcomas. In the
pelvis, this may require a hemipelvectomy that can compromise primary skin closure. Flaps are essential
in this context; however the vascularization of potential pedicled flaps may have been removed during
tumor excision. Using healthy tissue from the amputated limb as a free flap is an excellent coverage
option.
Hypothesis: The free fillet flap from an amputated lower limb is a simple and reliable coverage technique
after hemipelvectomy or hip disarticulation.
Material and methods: Seven patients were operated on at three specialty centers: six transpelvic ampu-
tations (external hemipelvectomy) and one hip disarticulation. In three cases, the flap consisted of the
superficial posterior compartment of the calf area and in the three other cases, the lower leg compart-
ments with the fibula and its intact periosteum. Complications were documented.
Results: Clear resection margins were achieved in all patients. The mean follow-up at the final visit was
13 months (range, 6.5 to 21 months). Six patients had complications but only one resulted in loss of the
flap. Four patients were able to be fitted with a hip prosthesis.
Discussion: The free fillet flap from an amputated lower limb is a reliable coverage technique (86%) after
hemipelvectomy or hip disarticulation. In the 16 cases previously reported in the literature, there were
no wound-healing failures. Local flaps are often too fragile with insufficient muscular padding. This free
flap is the preferred first-line technique as it spares other potential free flaps in case of failure without
increasing the morbidity of a procedure that is already extensive. This coverage technique should be one
the options considered after external hemipelvectomy.
Level of evidence: 1V, retrospective study.

© 2018 Elsevier Masson SAS. All rights reserved.

challenging and can compromise the adjuvant radiation therapy
or chemotherapy because of complications. If primary closure is

Tumor resection is the gold standard treatment for soft tissue
and bone sarcomas. The local recurrence rate ranges from 6 to
33% and depends on the histological grade and resection margins
[1-5].Inthe pelvis, this may require hemipelvectomy or transpelvic
amputation (TPA) [6]. The subsequent skin closure may be
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not possible, use of a flap is essential; however, the vascularization
of pedicle flaps may have been removed during tumor excision. A
large free flap is needed in this scenario. To preserve the other flaps,
especially the latissimus dorsi (LD) in patients who will likely need
to use their shoulders, in 1992 Workman et al. [7] described using
a free flap consisting of the muscles from the amputated leg. Since
then, 10 publications have reported 15 other cases [8-17]. Here,
we describe a series of seven cases involving patients with a pri-
mary soft tissue or bone sarcoma of the pelvis or proximal femur
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Table 1
Individual patient characteristics.
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Age (years) Diagnosis Origin Tumor invasion Enneking classification History of local surgery
Sex [18] and neoadjuvant
treatment
Case 1 61 High-grade Left proximal femur Circumferential Stage Il B IM nailing for
Male osteosarcoma, invasion of femur, pathological fracture
fibroblastic type gluteus medius and Neoadjuvant
femoral blood vessels chemotherapy
Case 2 32 Clear-cell sarcoma Base of right thigh Circumferential Stage Il B None
Male invasion of soft tissues
of the buttock and iliac
blood vessels
Case 3 61 Chondrosarcoma Left obturator ring Invasion of hip joint, Stage Il B None
Male mostly grade 1 with pelvis-trochanter
localized grade 2 muscles, adductor
muscles and deep
femoral artery
Case 4 56 Grade 2 Left iliopubic branch Endopelvic invasion Stage Il B Resection of the left
Female chondrosarcoma from the femoral iliopubic branches due
triangle, infiltration of to low-grade
the lateral wall of the chondrosarcoma 10
pelvis and invasion of years prior and
the iliac and femoral resection of anterior
blood vessels side of the wing of the
ilium due to grade 2
chondrosarcoma 3
years prior
Case 5 62 Clear-cell Left proximal femur Invasion of soft tissues  Stage Il B Resection and THA due
Male chondrosarcoma of the buttock and base to clear-cell
of the thigh; vascular chondrosarcoma 22
invasion years prior; change of
THA implant 5 years
prior
Case 6 50 Osteosarcoma Left proximal femur Invasion of soft tissues  Stage Il B Fixation of pathological
Male secondary to fibrous of the buttock, left fracture
dysplasia thigh and blood vessels Neoadjuvant
chemotherapy
Case 7 59 Non-classified Right proximal femur  No invasion but Stage [l B THA 12 years prior;
Male high-grade sarcoma iatrogenic hip change of THA implant

with fusiform cells

contamination

due to pathological

fracture 7 months prior

THA: total hip arthroplasty.

with local extension such that tumor resection required TPA or hip
disarticulation resulting in a coverage defect at the end of the pro-
cedure. The aim of our study was to assess the reliability of the free
fillet leg flap and to provide technical details on how to carry out
this procedure.

2. Material and methods

The medical records of seven patients (one woman, six men)
with an average age of 54 years (32 to 62 years) operated
on between 2012 and 2016 at three orthopedic oncology cen-
ters within the French bone and soft tissue sarcoma network
(NetSarc-ResOs) were reviewed (Table 1). Five patients had already
undergone surgery. The diagnosis was made based on a surgi-
cal tissue biopsy in every case. All patients were Stage IIB in
the Enneking classification [18]; these were high-grade tumors
with extra-compartment invasion without metastasis. In two cases,
neoadjuvant chemotherapy was done. The imaging assessment
included, at a minimum, CT angiography and/or MRI to rule out
secondary locations in the amputated limb and to confirm the pres-
ence of high-quality vascular elements. Preserving the limb was not
possible in any of the seven patients. For six patients, the tumor vol-
ume and invasion of vascular elements made conservative surgery
impossible (Fig. 1). In the other patient, the limb could not be pre-
served because of a major bone and soft tissue defect from a prior
hip replacement with femoral reaming for a pathological fracture;
this required monoblock hip arthrectomy with no possibility of a

pedicled flap. There were six cases of TPA and one of hip disarticu-
lation with resection of the gluteal region.

The patients were positioned in lateral decubitus with anterior
and posterior padding that allowed the patient to be rolled forward
and backward (Fig. 2); no pelvic support was used. The flap was
developed as described by Workman et al. [7] through an anterior
incision on the tibial crest and circumferential incisions at the ankle
and popliteal fossa. An incision centered over the posterior aspect
of the thigh was used to dissect the femoral blood vessels needed to
obtain a long pedicle (Fig. 3). When all four compartments in the leg
were being used, the fibula was shortened but preserved to protect
the flap’s vascular elements. In two cases, it was secured to bone
cuts with absorbable suture to help it stabilize the flap. Preserv-
ing the fibula also provided support for the pelvis reconstruction
and potential reinforcement when the patient is fitted with a
prosthesis.

The various surgical stages were broken up in the following
manner depending on the surgical teams: a single team with flap
dissection then pelvis approach and amputation then severing of
the flap and anastomosis; the pelvis approach and amputation were
performed then dissection and raising of flap on the back table;
when two teams were involved, one team did the pelvis approach
and the other did the flap dissection in parallel with the amputa-
tion and raising of the flap. The anastomoses were performed by a
vascular surgeon (Table 2). In five cases, the flap was rinsed with
heparinized saline and in three cases, an IV injection of heparin was
done.
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Fig. 1. Patient No. 4. A. Frontal CT slice showing local chondrosarcoma invasion. B.
Axial CT slice with tumor in the external iliac artery (<).

Fig. 2. Patient positioning.

Fig. 3. Drawing of the flap on the skin of the lower leg.

3. Results

In three cases, the flap consisted of the superior posterior com-
partment of the calf (gastrocnemius and soleus muscles) and in four
cases, all the compartments of the lower leg with the fibula and its
periosteum were used (Fig. 4). Surgical details and postoperative
complications are given in Table 2. Six of the seven patients experi-
enced a flap-related complication. One flap was considered a failure
(14%). In this patient (case 4, Table 2), the anterior tibial artery
was damaged during flap dissection. The flap had to be removed
on the 21st day, after several reoperation attempts because of a
deep vein thrombosis (DVT) despite the flap being rinsed with hep-
arinized saline associated with IV injection of heparin during the
initial procedure. A negative pressure dressing was used secondar-
ily with coverage using a thin skin graft. A second patient had a
DVT of the flap on the 5th day treated by curative doses of hep-
arin, then suffered an infection requiring revision on the 12th day,
which responded favorably to antibiotics. Another patient was re-
operated due to a local infection of the flap on the 17th day, which
responded favorably to antibiotics. A fourth patient had a small
necrotic region in the flap that was trimmed surgically on the 15th
day. In a fifth patient, the vein anastomosis had to be revised on the
evening of the procedure due to a flawed suture. Two patients had
urological complications: one urethra wound requiring the implan-
tation of a double-] catheter on the 2nd day postoperative, one
calyceal rupture also requiring a catheter on the 15th day post-
operative. In one case, skin ulceration occurred on the 80th day at
the tip of the fibula through the flap that required surgical revision
with shortening osteotomy. Overall, six of the seven patients had
a flap-related complication but only one flap was lost (Table 2). No
hernias were reported. In one patient, unexpected ossification of
the space between the fibula and pubic symphysis occurred at 4
months postoperative (Figs. 5 and 6). Clear resection margins were
achieved in all patients.

Four patients were fitted with a Canadian-type hip-
disarticulation prosthesis and could walk with or without crutches
(supplementary material). The mean follow-up at the final visit
was 13 months (6.5 to 21 months) (Fig. 7). Five patients had



Table 2

Surgical technique used, flap-related complications and follow-up.

Surgery Surgical sequence Flap Anastomoses Duration of Flap-related Additional Survival and
ischemia complications post-surgery follow-up (FU)
treatments
Case 1 Left TPA Amputation then Superficial posterior End-to-end between ND DVT None Died during the
dissection and flap compartment of leg the external iliac and Local infection course of
development on back femoral pedicles disease
table then anastomoses 17 months FU
Case 2 Right TPA Amputation then Superficial posterior End-to-end between ND Small area of necrosis None Died during the
dissection and flap compartment of leg primary iliac artery and course of
development on back femoral artery disease
table then anastomoses End-to-side between 6.5 months FU
iliocaval confluence
and femoral vein
Case 3 Left TPA Two teams: pelvis Lower leg with fibula End-to-side between 70 min None None Still alive, no
approach and flap and intact periosteum primary iliac and recurrence or
dissection in parallel femoral pedicles metastasis
then amputation and 8 months FU
raising of flap and
anastomoses
Case 4 Left TPA Two teams: pelvis Lower leg with fibula End-to-side between 75 min Fistula at fibula None Still alive, no
approach and flap and intact periosteum primary iliac and recurrence or
dissection in parallel femoral pedicles metastasis
then amputation and 12 months FU
raising of flap and
anastomoses
Case 5 Left TPA Flap dissection, Lower leg with fibula End-to-side between ND Poor suturing of None Died during the
amputation then flap and intact periosteum external iliac artery venous anastomosis course of
development and and femoral artery disease
anastomoses End-to-side between 7 months FU
common iliac vein and
femoral vein
Case 6 Right hip Flap dissection, Superficial posterior End-to-side between ND Local infection None Died during the
disarticulation with amputation then flap compartment of leg the external iliac and course of
gluteal resection development and femoral pedicles disease
anastomoses 21 months FU
Case 7 Right TPA Flap dissection, Lower leg with fibula End-to-side between 130 min Failure, flap lost due to Multiple rounds of Died during the

amputation then flap
development and
anastomoses

and intact periosteum

external iliac artery
and femoral artery
End-to-side between
external iliac vein and
femoral vein

DVT

chemotherapy

course of
disease
19 months FU

TPA: transpelvic amputation; DVT: deep vein thrombosis; ND: not determined.
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Fig. 5. A. Postoperative X-rays of left transpelvic amputation. B. X-rays at 4 months postoperative showing the ossification between the pubic symphysis and fibula.
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Fig. 6. CT at 4 months postoperative showing the ossification between the pubic symphysis and fibula. A. Anterior view. B. Posterior view.
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Fig. 7. Clinical presentation of the flap at 8 months postoperative.

secondary tumors (bone, lung and/or adrenal metastasis) and died
because of their disease. The mean survival was 14 months (6.5 to
21 months).

4. Discussion

This multicenter series of seven cases using a filleted lower leg
free flap shows that this flap has considerable reliability (86% suc-
cess rate). This case series is larger than any other published study,
which consisted of 16 cases in 11 articles [7-17] (Table 3) and no
failures.

After hip disarticulation or hemipelvectomy, healing must be
achieved quickly to allow adjuvant treatments to be performed
such as radiation therapy and/or chemotherapy, and the surgi-
cal site must be able to accept a hip prosthesis [9-12,19-21]. Not
using a local flap makes the tumor resection strategy simpler as
there is no need to worry about pedicle dissection. Local flaps
are often too fragile [8,21] with insufficient muscular padding.
Complications can affect up to 80% of local flaps [7,11,19,22,23].
The gluteal maximus flap [20,24-31] is a musculocutaneous flap
vascularized by the inferior gluteal artery stemming from the inter-
nal iliac artery and perforators from the sacrum [19,23,25,30,32].
When its pedicle can be preserved, it is difficult to dissect in the
endopelvic area with a high risk of lesions [13,33]. The reported
necrosis rate is up 55% [7,19,22,30]. Posterior fasciocutaneous
flaps, without muscle tissue, can suffer necrosis in up to 80 or
90% of patients [23]. Flaps using the anterior thigh compart-
ment[19,20,27,30,34-39] are vascularized by the lateral circumflex
artery stemming from the deep femoral artery, thus they cannot be
used if the proximal vascular structures have been invaded by the
tumor. Complications have been reported in 37.5% to 67% of cases
[19,30,39].

While the vertical rectus abdominis myocutaneous (VRAM)
flap [11,20,21,40-42] is a potential coverage option, donor site
morbidity is very high. It requires that the abdominal wall be

reconstructed with synthetic material. On the other hand, if the
ipsilateral inferior epigastric vessels on which the flap is pedicled
cannot be preserved, the flap must be harvested from the con-
tralateral side, which increases the procedure’s morbidity. Also,
during pelvis surgery, it is often necessary to carry out stomas,
which makes the latter difficult to use [20]. As for free flaps, the
LD flap is typically used [11,20,24,43,44] to cover large defects;
however, it reduces the muscle strength in the shoulder girdle in
these patients. The LD is activated during wheelchair or crutch
use [7]. The quality of these two flaps (VRAM, LD) is also lower
in terms of vascularization and mechanical resistance relative to
leg flaps, which contribute a large amount of fascia and muscle
[12,45].

Taking into consideration the technical simplicity of raising the
flap, the fact that tumor resection does not compromise its vas-
cularity, the muscular padding helping to prevent hernias of the
wall [7,19,46] and the absence of donor site morbidity, a free leg
flap from the amputated limb appears to be an appropriate solu-
tion when a pedicled gluteus maximum or quadriceps flap cannot
be used. It is known that when hemipelvectomy is performed in a
surgically traumatized site, the risk of complications (dehiscence,
necrosis, infection) and local recurrence is higher [46,47]. Good
quality coverage is preferable for patients who have already under-
gone multiple surgeries due to multiple osteochondromas (case 4,
Table 2).

Another advantage of harvesting a free flap from the amputated
leg is that it does not tap into the reconstruction stock and other
coverage options still exist if the flap fails. This free flap is preferred
as a first-line technique since it spares the other potential free flaps
in case of failure without increase the morbidity of a procedure that
is already extensive.

Nevertheless, to be reliable, this flap must be performed while
complying with certain technical requirements. In our study, the
two cases of DVT in the flap, including one that led to flap fail-
ure, occurred during a venous anastomosis performed on a ligated
vein. It appears vital to perform end-to-side venous anastomosis
on a high output vein such as the common iliac veins or vena
cava as the last resort, which results in better venous drainage.
For the arterial anastomosis, it is preferable not to dissociate
the anterior and posterior tibial arteries like Sara et al. [8] who
reported a 10% necrosis rate at the flap’s surface by doing an anas-
tomosis between the posterior tibial artery and superior gluteal
artery, and between the anterior tibial artery and inferior epigastric
artery.

To limit the ischemia time, flap dissection must be carried out
at the start of the procedure before the blood vessels are ligated
and the leg is amputated [17]. Use of all the lower leg’s muscular
compartments contributes a large muscle volume and anastomo-
sis networks that provide a safety margin if one of the blood
vessels were to be damaged. Preserving the fibula and its perios-
teum [10,11] saves time in the procedure, but most importantly, it
avoids damaging the fibula’s blood vessels which are inside, sup-
port the pelvis reconstruction and provide reinforcement for fitting
of the prosthetic hip. However, we recommend performing a distal
osteotomy of at least one-third to one-half to prevent fistula-like
complications due to flap perforation by the fibular stump (case 4).
Proximally, given the proximity of the emergence of the anterior
tibial artery through the interosseous membrane, we do not recom-
mend performing an osteotomy. The fibula can be sutured to the
sacrum or the ilium’s stump. Dissection of the popliteal-femoral
pedicle must be extended proximally for it to be long enough to
orient the flap as needed and not be restrained during its pelvis
positioning. The wearing of customized post-surgical compression
garments helps to avoid the pooling and seromas reported in the
literature [11,39].
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Table 3
Summary of the 16 cases of hemipelvectomy with free leg flap reconstruction reported of the literature.
Article Age Diagnosis Flap Anastomoses Complications Walking/Prosthesis
Workman etal. 33 years Fibrous histiocytoma Lower leg with fibula Iliac pedicle and None NA
[7] and periosteum femoral pedicle
removed
Sara et al. [8] 28 years Angiosarcoma Lower leg with fibula Superior gluteal artery 10% necrosis NA
(periosteum removed) and posterior tibial
artery
Inferior epigastric
artery and anterior
tibial artery
Yamamoto 55 years Chondrosarcoma Lower leg with fibula Internal iliac pedicle None Walking with hip
etal. [9] (periosteum removed) and femoral pedicle prosthesis
Yamamoto NA Chondrosarcoma Lower leg with fibula NA None Walking with hip
etal.[10] (periosteum intact) prosthesis
Rossetal. [11] NA Malignant tumor Lower leg with fibula Contralateral None NA
(periosteum removed) superficial femoral
pedicle and femoral
pedicle
Templeton 73 years Chondrosarcoma Lower leg with fibula External iliac pedicle None Walker (no hip
etal. [12] (periosteum intact) and femoral pedicle prosthesis)
Morii et al. [13] 52 years Squamous cell Lower leg with fibula Internal iliac pedicle None NA
41 years carcinoma (periosteum removed) and femoral pedicle
Chondrosarcoma
Faria et al. [14] 32 years Malignant fibrous Lower leg with fibula Iliac pedicle and None 1 of 3 walking with
42 years histiocytoma (periosteum removed) femoral pedicle crutches
43 years High-grade
pleomorphic sarcoma
Myxoid liposarcoma
Andrex Burd 37 years Epithelioid sarcoma Lower leg with fibula NA None Walker only
etal. [15] (periosteum removed)
Bibboetal.[16] 15 years Osteosarcoma Lower leg with fibula External iliac pedicle None NA
45 years Leiomyosarcoma (periosteum removed) and popliteal pedicle None NA
50 years Chondrosarcoma Lower leg with fibula External iliac pedicle None NA
(periosteum removed) and popliteal pedicle
Lower leg with fibula External iliac pedicle
(periosteum removed) and superficial femoral
and distal thigh pedicle
Boehmler et al. 55 years Radiation-induced Lower leg with fibula Contralateral Wound dehiscence: Walker only

(17]

sarcoma

(periosteum removed)

superficial femoral

surgical debridement

pedicle (1 artery, 2
veins) and popliteal
pedicle

at 21 days

NA: not available.

5. Conclusion

Use of a free leg flap from the limb amputated during proximal
amputation gets around the difficulty of using local flaps, which
may not be feasible at all, and avoids donor site morbidity asso-
ciated with traditional remote flaps. The addition of muscle tissue
ensures good padding and reduces local complications, ensures a
high-quality stump, and thus a better performing hip prosthetic.
This coverage technique is reliable and simple but requires a highly
trained multidisciplinary surgical team. It should be one of the
options considered after hemipelvectomy.
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