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Freier vaskularisierter Fibulatransfer in Single- oder Double-Barrel-Technik
zur Rekonstruktion von segmentalen Knochendefekten nach
onkologischer Resektion oder posttraumatischem Knochenverlust

Abstract
Background: Significant osseous defects or osteonecrosis, precipitated
by open fractures, infections, or neoplastic conditions, represent infre-
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quent yet critical medical conditions. The free vascularized fibular graft
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(FVFG) is a challenging but straightforward, reliable surgical intervention
Olimpiu Bota1,2for the reconstruction of defects across various anatomical regions.

This study aims to compare, quantify, and demonstrate the FVFG’s Feras Taqatqeh1

versatility. The utilization of a single- or double-barrel approach, contin-
Klaus-Dieter Schaser1gent on the defect’s characteristics, optimizes length conservation or

enhances the stability of extensive defects. Michele Rudari1
Methods: We retrospectively evaluated patients who underwent the
FVFG procedure, employing either a single- or double-barrel technique,
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at our medical center during the period from August 2017 toMay 2023.
1 University Center for
Orthopedics, Trauma and

The inclusion criterion was the presence of substantial osseous defects
(bone loss in straight bone over 8–10 cm or multi-level spine resection),
precipitated by trauma, neoplasms, non-union fractures or infections. Plastic Surgery, Department

of Plastic and Hand Surgery,Results: Our study encompassed eight male patients, with an average
age of 31 years, ranging from 10 to 56. Each patient underwent osseous University Hospital Carl

Gustav Carus at the TU
Dresden, Germanyresection due to osteomyelitis (n=2), tumor excision (n=4), or pseudar-

throsis (n=2) resulting from previous trauma, followed by a free fibula
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flap as part of the FVFG procedure. When fibula was simultaneously
prepared already during tumor resection (n=2), there was a significant
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vealed that full osseous integrity without any graft failure was restored University of Medicine and
in all patients, and the same number of patients regained independent Pharmacy, Cluj-Napoca,

Romaniaambulatory ability. Surgical complications were observed in one patient,
who exhibited wound healing post-reconstruction, all of which were
rectified through subsequent surgical intervention.
Conclusion: Diverse osseous defects in complex cases can be recon-
structed by using the FVFG, thereby restoring maximal reconstructive
capacity, expedited union compared to non-vascularized bone, and ac-
ceptable donor sitemorbidity. FVFG remain a reliable solution for diverse
defects. Moreover, in cases requiring complex tumor defects, careful
preoperative planning and an interdisciplinary treatment are essential
for successful treatment.
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Zusammenfassung
Hintergrund: Knochendefekte oder Osteonekrosen, die durch offene
Frakturen, Infektionen oder neoplastische Erkrankungen hervorgerufen
werden, sind seltene, aber kritische medizinische Zustände. Das freie
vaskularisierte Fibulatransplantat (Free Vascularized Fibular Graft, FVFG)
ist ein anspruchsvoller, aber zuverlässiger chirurgischer Eingriff zur
Rekonstruktion von Defekten in den verschiedensten Regionen des
menschlichen Skeletts. Ziel dieser Studie ist es, die Vielseitigkeit des
FVFG zu vergleichen, zu quantifizieren und zu demonstrieren. Die Ver-
wendung eines Single- oder Double-Barrel FVFG, abhängig von den
Defektcharakteristika, optimiert den Längenerhalt oder verbessert die
Stabilität von ausgedehnten knöchernen Defekten.
Methoden: Wir haben retrospektiv die Patienten ausgewertet, die im
Zeitraum von August 2017 bis Mai 2023 in unserem medizinischen
Zentrummit einer Single- oder Double-Barrel-Technik am FVFG operiert
wurden. Das Einschlusskriteriumwar das Vorhandensein eines knöcher-
nenDefekts, ausgelöst durch Traumata, Neoplasien, Nonunion-Frakturen
oder Infektionen.
Ergebnisse:Unsere Studie umfasste achtmännliche Patientenmit einem
Durchschnittsalter von 31 Jahren und einer Altersspanne von 10 bis
56 Jahren. Jeder Patient unterzog sich einer knöchernen Resektion
aufgrund einer Osteomyelitis (n=2), einer Tumorexzision (n=4) oder einer
Pseudarthrose (n=2) infolge eines früheren Traumas, gefolgt von FVFG.
Wurde die Fibula bereits bei der Tumorresektion (n=2) präkonditioniert,
so verkürzte sich die Gesamtoperationszeit signifikant. Die postopera-
tive Beurteilung ergab, dass bei allen Patienten die vollständige knö-
cherne Integrität ohne Versagen des Transplantats wiederhergestellt
wurde, und ebenso erlangten alle Patienten ihre unabhängige Gehfä-
higkeit zurück. Chirurgische Komplikationenwurden bei einemPatienten
beobachtet, bei dem es nach der Rekonstruktion zu einer Wundheilung
kam, die jedoch durch einen weiteren Eingriff behoben werden konnte.
Schlussfolgerung: Knochendefekte in komplexen Fällen können mit
FVFG rekonstruiert werden, wodurch eine maximale Rekonstruktions-
kapazität, eine schnellere Heilung im Vergleich zu nicht vaskularisierten
Knochen und eine akzeptable Hebemorbidität erreicht werden. FVFG
sind nach wie vor eine zuverlässige Lösung für verschiedene Defekte.
Darüber hinaus sind bei komplexen Tumordefekten eine sorgfältige
präoperative Planung und eine interdisziplinäre Behandlung für eine
erfolgreiche Behandlung unerlässlich.

Schlüsselwörter: freies vaskularisiertes Fibulatransplantat,
Knochenrekonstruktion, Knochentumore, segmentaler Knochenverlust,
segmentaler Knochendefekt, orthopädische Chirurgie
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Introduction
The task of reconstructing substantial osseous defects,
precipitated by trauma, neoplasms, non-union fractures or
infections, presents a formidable clinical challenge. The
selection of the appropriate surgical technique is contin-
gent on the defect’s etiology, dimensions, and biomechan-
ical requirements. A decennial fracture registry at a level-1
trauma center revealed that around 0.4% of all fractures
involved significant bone loss [1], [2], [3], [4], [5]. Patients
treated with autologous bone grafts (such as iliac crest
grafts) or allogeneic spongiosa, supplemented with osteo-
synthesis, exhibited favorable outcomes. However, these
methodologies are deemed unsuitable for cases with
large, segmental defects or individual complicated sce-
narios, subsequent to infection or irradiation [1], [2], [3],
[6].
The free vascularized fibular graft (FVFG) presents a viable
solution for bridging substantial osseous defects, facili-
tating the administration of elevated concentrations of
systemic antibiotics, and restoring an appropriate geomet-
ric profile [7], [8], [9], [10]. Numerous studies have doc-
umented the successful reconstruction of extensive de-
fects due to prior infection, and the bridging of significant
osseous defects in both the upper and lower extremities
[5], [7], [8], [11]. The overall incidence of critical-sized
bone defects – for example in straight bone up to
10–15 cm [12] – remains low and usually necessitates
more intricate reconstruction techniques [4], [5], [6].
The fibula, a long, straight bone (up to 30 cm in length)
with a three-cortical structure, can be conveniently insert-
ed into the intramedullary canal of larger bones. It can
be harvested as a chimeric osteo-fasciocutaneous flap or
solitary bony graft. Donor-site morbidity is minimal, given
that the fibula bears only a minor load over the ankle,
particularly if efforts aremade to preserve the distal 6 cm
of the fibula during harvest to avert ligamentous/syndes-
motic ankle instability or deformity [5], [13].
The fibula benefits from both endosteal and periosteal
blood supply, predominantly from the peroneal artery.
The peroneal artery, a branch of the posterior tibial artery,
originates approximately 2–3 cm distal to the popliteus
muscle and courses along the medial edge of the fibula,
nestled between the flexor hallucis longus and tibialis
posterior muscles. The endosteal blood flow is derived
from a nutrient vessel that penetrates the bone in the
posteromedial aspect of the middle third of the fibula, at
an average distance of 17 cm (range, 14–19 cm) below
the styloid process, and is deemed the primary blood
supply [6], [14]. The ensuing blood flow is centrifugal,
coursing from the medulla to the cortex. The periosteal
blood flow is copious and reticulated, nourishing the
outer third of the cortex, and is also supplied by the
peroneal artery. This abundant periosteal blood supply
allows multiple osteotomies, as evidenced in head and
neck reconstruction [6], [14], [15]. It is deemed the sec-
ondary blood supply. The peroneal pedicle, with a length
of 6–8 cm and an arterial diameter of 1.5–3 mm, is
flanked by accompanying veins. As a general rule, recipi-

ent vessels should be situated outside the injury zone
and ensure forward flow to the flap [6], [14].
This study aims to compare, quantify, and demonstrate
the FVFG’s versatility. The utilization of a single- or double-
barrel approach, contingent on the defect’s characteris-
tics, optimizes length conservation or enhances the sta-
bility of substantial bone loss subsequent to bone resec-
tion due to tumor, non-union fracture healing, or osteomy-
elitis. We also propose a strategy for managing instability
and administering elevated concentrations of systemic
antibiotics in this setting.
A single-barrel FVFG can be employed in any circumstance
necessitating the reconstruction of large skeletal defects
with proximal and distal fixation, with the potential for
additional osteosynthesis. A double-barrel FVFG can be
used to achieve a higher degree of stability, such as in the
case of an en-bloc resection of parts of the spine
(Figure 1a/b).
FVFG can be successfully employed in the reconstruction
of extremity long bones (femur, tibia, humerus, radius or
ulna) as well as in the context of extensive spinal and
pelvic defects. Certain contraindications for the use of
FVFG include incomplete tumor excision, preoperative
Doppler studies or angiography revealing significant ath-
erosclerotic disease, or abnormal lower extremity vascu-
lature. FVFG can be applied in infected regions (such as
those with a history of osteomyelitis) due to its ability to
provide a blood supply with an effective antibiotic concen-
tration, and it also offers substantial length allowing to
bridge between healthy areas [7], [11].
Alternative sources of vascularized osseous flaps for
smaller defects include free iliac crest, ribs and scapula
flaps. However, these do not permit the spanning of large
defects, which is possible when using a FVFG. Their suc-
cess hinges on the availability of a suitable vascular ac-
cess point, which may not always be present.

Material and methods
In this retrospective cohort study, all patients who under-
went microsurgical intervention between August 2017
and May 2023 for the treatment of substantial bone de-
fects or losses caused by open fractures, infections, or
neoplastic diseases were included (bone loss in straight
bone over 8–10 cm or multi-level spine resection).
The clinical investigation was conducted in accordance
with the Declaration of Helsinki and underwent review by
the Ethics Committee of the Technical University of
Dresden (EC 219052023). All data collection and pro-
cessing procedures were anonymized.
The study comprised eight male patients, with an average
age of 31 years (ranging from 17 to 56 years), who exhib-
ited a substantial bone defect following a tumor free
margins resection, osteomyelitis, or fracture with atrophic
non-unions.
For all patients, wound swabs were collected for bacterial
culture and antibiograms, inflammation blood tests (in-
cluding C-reactive protein, erythrocyte sedimentation rate,
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Figure 1: 26-year-old male with high-grade osteosarcoma and 3-level en bloc resection of the lumbar spine after external
decompression for paraplegia and neoadjuvant chemotherapy (a–c). 2 years later, no evidence of recurrence or metastases.

However, mechanical failure of the instrumentation (d). Implant removal, spino-pelvic/ilio-lumbar/thoraco-lumbar
re-instrumentation from Th11/12/L1 to L5/S1 as well as bilateral ilium with triple rod construction, TLIF L5/S1, dorsal, bony
spondylodesis using vascularized autologous fibula transfer (graft length 26 cm) from Th11 to sacrum, fixation of the graft

using small fragment screw osteosynthesis thoracically to the processus spinosus LWK 2 lumbar/sacral to the lamina S1 (e/f).
2 years postoperatively consolidated fibula, stable instrumentation, no complaints, no recurrence or metastases (g/h).

and procalcitonin) were conducted, and a histopatholo-
gical examination was performed to determine the tumor
stage. Microbiological confirmation of bone samples (at
least 3–5 samples) and additional histopathological pro-
cessing confirmed the presence of osteomyelitis.

Surgical procedure

Prior to the flap harvest, both the donor and recipient sites
warrantmeticulous evaluation. A comprehensivemedical
history should be obtained, specifically inquiring about
lower limb issues such as intermittent claudication, deep
vein thrombosis, lower limb trauma, and varicose veins.
The strength of both the dorsalis pedis and posterior
tibial pulses should be assessed, along with the condition
of the lower limb skin. In instances of abnormal pedal

pulses or significant lower limb trauma, a computed
tomography angiography of the donor leg should be per-
formed preoperatively to rule out the presence of peroneal
artery occlusion, ideally three vessel perfusions. The re-
sidual soft tissue coverage at the donor site should be
evaluated, and a chimeric osteocutaneus flap should be
harvested if necessary. The recipient vessels should un-
dergo clinical examination and Doppler ultrasound, sup-
plemented with a digital subtraction angiography if con-
cerns arise. The defect’s size and location (considering
potential further removal of diseased tissue) will dictate
the required size and shape of the flap. In tumor resection
cases, an external or occasionally a temporary internal
fixator is installed prior to any removal to accurately re-
store bone length and width later (after spinal en bloc
excisions an internal fixator/screw-rod construct is inev-
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Figure 2: Schematic process of harvesting the FVFG as a single- or double-barrel

itably needed throughout the entire reconstruction period
and thereafter). To facilitate access during surgery, the
frame can be removed with the pins left intact (not in
patients after en bloc vertebrectomies); reattaching the
fixator post-removal will enable the restoration of anatom-
ical parameters. The surgical technique is partitioned into
three distinct phases: recipient site preparation, graft
harvest, and defect reconstruction [6], [14].
Once the vascular pedicle is exposed, the lower limb tour-
niquet is released with the graft in situ until the recipient
site is prepared, to minimize ischemia time. The incision
over the recipient site is strategically planned to circum-
vent areas of compromised skin and ease bone exposure
and dissection of the recipient vessels [14]. The patho-
logical defect is progressively excised until the margins
of healthy bone are attained. The recipient vessels are
scrutinized for any defects, which could potentially impede
blood flow. In such instances, the anastomosis should
be performed more proximally and may necessitate vein
grafts if the pedicle length proves insufficient. Once the
recipient site is prepared, the fibula is harvested by li-
gating the peroneal vessels and detaching its residual
posteromedial connection to the flexor hallucis longus.
Once detached, the osteotomy is performed and the fibula
is folded through the middle resulting in double-barrel
structure (Figure 2). A single-barrel structure doesn’t ne-
cessitate the osteotomy and folding of the fibula.
The creation of a double-barrel structure involves perform-
ing closing wedge osteotomies at the midpoint along the
length of the graft. Folding of the fibula is performed on
the same side as the pedicle to prevent tension on the
vascular supply. During the osteotomy process, it is crucial
to carefully separate and safeguard the periosteum and

vessels from the fibula. It is important to strategize such
that the pedicle is not strained following the osteotomy
and positioning of the fibula. The bony ends are aligned,
and each extremity is secured either with a screw/plate
osteosynthesis or in spinal/pelvic localisations using in-
ternal fixator/screw rod constructs. Alternatively, the FVFG
is then inserted into the bone defect, with fixation per-
formed at both the proximal and distal ends [6], [14]. The
best procedure is to drill holes with a drill or K-wires into
the free bone ends of the original bone to address pete-
chial bleeding, and then bolt the fibula, either press-fit
anchored or additionally with one screw proximally and
distally, each tetracortical. The procedure concludes with
the closure of the wound.
All patients adhered to the same postoperative protocol.
Subcutaneous administration of enoxaparin sodium twice
daily (4,000 U. I.) was continued until full weight-bearing
capacity was regained on the the recipient site. The su-
tures were removed on the 14th postoperative day. At the
donor site, unrestricted weight bearing was allowed from
the second day following surgery.
The technique’s clinical and radiological outcomes were
evaluated. The radiological assessment was conducted
by our institution’s radiologist. Regular radiological exam-
inations were an essential part of the clinical follow-up.
The criteria for assessing patient satisfaction included
the absence of infection signs, alleviation of pain, resto-
ration of daily life activities, the ability to walk indepen-
dently, and overall patient satisfaction.
The results of the data were analysed with Excel 365
(Microsoft Corporation, WA, USA) and SPSS (SPSS Inc.,
PASW Statistics for Windows, Chicago, USA). The compar-
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Table 1: Descriptive data, etiology and location of the bony defect and type of reconstruction

Table 2: Duration until full weight bearing and radiological consolidation

ison of the data was mainly descriptive due to the small
number of cases.

Results
The study incorporated eight patients, all of whom were
male. The patients’ average age was 31 years, with a
range of 17 to 56 years (Table 1). Five patients had un-
dergone tumor surgery, while the rest had secondary os-
teomyelitis defect reconstruction due open fracture
(Table 1).
Within our patient cohort, five patients exhibited bone
defects attributable to oncological resections, with osteo-
sarcoma accounting for 60% of the underlying tumor
diseases. Tissue samples procured immediately post-re-
section tested positive for osteomyelitis in all patients
with an initial traumatic genesis (Figure 3).

Figure 3: Indication for reconstruction using an FVFG

The pain level in the visual analogue scale (VAS) was low
both preoperatively and postoperatively (median 3, range
1–3, Table 2).
Complete clinical and radiological bone healing was
achieved in 7 out of 8 cases (87.5%), with an average
radiological consolidation duration of 9 months (range
7–12months; Table 2). An equal number of patients were
treated with a single- or double-barrel FVFG (Table 1). The
receiver site was in five times the lower extremity, twice
the spine and in a single case the pelvis.
In two cases the fibula was simultaneously prepared al-
ready during tumor resection (two seperated teams using
completely different instruments), but not harvested. This
procedure resulted in a reduction of the overall operation
time of 198 ± 20 min compared to the other six cases
and the burden on the patient.
Using a hand-held Doppler probe, no arterial or venous
thrombosis of the arterial pedicle were registered.
The sole case of failure was a nonunion of the femur,
which was rectified by resecting the formed pseudarthro-
sis and the insertion of additional spongiosa with bone
morphogenetic proteins (BMP). Implant failure necessi-
tating revision surgery was encountered in 50% of the
patients. However, complete failure of the FVFG could not
be confirmed (Figure 4). All four patients underwent a
reoperation for the replacement of screws, plates, or rods,
even though the graft was fully consolidated. One patient
experienced non-union at the distal femur with distal
screw failure. After revision with implantation of additional
autologous cancellous, full integration and osseous con-
solidation were visible in the 1-year follow-up. In all in-
stances where bone healing was achieved, patients were
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able to attain a satisfactory quality of life and resume
their work and sporting activities.

Figure 4: Implant failure cause: revision surgery was required
in 50% of patients. However, a complete failure of the FVFG

could not be confirmed.

Radiological follow-up of the donor site revealed no differ-
ences between the harvesting of the dominant leg or the
contralateral side. The imaging follow-up examinations
in patients demonstrated normal stabilization of the lower
limb of the donor site.
At the donor site, five times of the dominant leg and three
times of the non-dominant leg, the duration to return to
normal walking activity was around 128 days (Table 2).

Discussion
Substantial bone defects, caused by post-traumatic osteo-
myelitis, trauma, tumors, or non-union fractures, necessi-
tate an assertive surgical strategy for successful manage-
ment [5], [14], [16]. The principle of dead-space obliter-
ation and neovascularization of the affected area has
been deemed essential for successful disease manage-
ment [1], [2], [3]. Following extensive excision of such
bone pathologies, reconstructive alternatives for large
bone defect surgery encompass the utilization of non-
vascularized bone autografts, arthrodesis, allografts,
custom endoprostheses, distraction osteogenesis using
Ilizarov’s procedure as well as vascularized bone grafts
[1], [2], [3], [6], [16], [17].
Literature reports indicate that non-autologous and non-
vascularized techniques, when applied in highly infected
areas, exhibit high failure rates [3], [18], [16]. These
failures can lead to non-union, resorption, restricted joint
movements, instability, and inconsistent long-term dura-
bility. Conversely, microvascular free tissue transfer has
proven effective in providing the requisite tissue bulk and
neovascularization for reconstructing the defect resulting
from radical debridement [5], [6], [9], [16], [17].
As previously mentioned, there are multiple techniques
available for reconstructing large bone defects following
bone resection. Literature reports suggest that FVFG hold
several advantages over non-vascularized reconstruction
techniques. These advantages encompass tolerance to
therapeutic levels of postoperative radiation therapy,
rapid consolidation, resistance to infection, and hyper-
trophic reaction [6], [19], [20]. The objective of this study
was to ascertain the postoperative outcomes and com-
plication rates in patients who underwent resection for

a large bone defect and subsequently encountered issues
of stability or significant cortical loss. Consequently, the
reconstruction of these defects was undertaken using
the double- or single-barrel technique FVFG.
In the context of large defects, when the conventional
use of non-vascularized bone in conjunction with osteo-
synthesis, or treatment with an Ilizarov Fixator, for in-
stance, at the tibia shaft, fails to yield the anticipated
results, we opted for the large single-barrel FVFG. Other
studies have indicated that the treatment with an Ilizarov
Fixator is only suitable for a selected group of patients
and does not offer a short term and timely solution. The
treatment in average spans several months and is not
appropriate for every patient [21], [22].
Owing to the fibula’s capacity to providemore than 30 cm
of straight (can be harvested en bloc with the fibula head),
healthy bone with minimal morbidity at the donor site
and minimal postoperative functional limitation, the use
of FVFG demonstrates significant potential for bridging
various segmental defects of long bones [23]. This was
corroborated in our study in the context of the tibia and
femur. Subsequently, accelerated osteointegration was
observed, and partial weight-bearing (contact with the
sole of the foot) was promptly achieved (Figure 5).
In terms of stability, we observed a failure when using
non-vascularized bone (for example Iliac crest bone graft
and smaller general hospitals) in conjunction with osteo-
synthesis. In two patients, the osteosynthesis refractured.
Consequently, we opted for the double-barrel technique
in patients with adequate fibula length. Literature reports
suggest that the double-barrel technique can enhance
the weight-bearing load of the reconstruction as well as
a better limb function, better postoperative mental and
psychological status, and lower complication incidence
[24]. The results of this study, which demonstrated early
achievement of partial or full weight-bearing, align with
those of other studies [8], [25]. The double-barrel tech-
nique proves successful for repairing femoral defects,
which pose a particular challenge due to the greater
cross-sectional mismatch of the femur [6]. However, we
noted that patients, particularly those who underwent
tumor resections at the spine or femur levels, were more
susceptible to osteosyntheses failure than those with
posttraumatic resections, with no difference in final union
rates. To bolster stability and support, FVFG have recently
been augmentedwith special posterior spinal stabilization
or an additional double plate osteosynthesis. Nonethe-
less, the vascular component of the FVFG remains con-
sistent with that described in other reconstructions [26],
[27].
The harvesting, placement, and vascular anastomosis of
an FVFG procedure are known to extend operative time
by approximately 3–4 hours [19]. Therefore, in selected
patients, the fibula was prepared already during tumor
resection, but not harvested. This implies that the tumor
resection was performed by the tumor surgeons in an
interdisciplinary setting, and parallel to this, the fibula
was prepared without separation of the pedicle. In the
second operation in case of tumor free margins, FVFG
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Figure 5: 10-year-old male with high-grade osteosarcoma of the femoral shaft on the left side (a/b). After neoadjuvant
chemotherapy, en bloc tumor resection and reconstruction with a single free vascular pedicled fibula (from the right side) using
microsurgical techniques, cancellous bone grafting and angle-stable plate osteosynthesis (Philos, Depuy Synthes) (c/d). Initial
single FVFG (e), 3 years postoperatively, significant hypertrophy with good consolidation (f). After temporary release of the

growth plate in the course of genu valgum on the left, an 8-plate was implanted in the left knee joint to gradually guide growth
in the case of progressive genu valgum (g). The leg length discrepancy on the left is to be corrected using a magnetically driven

intramedullary nail after completion of longitudinal growth.

transplantation and osteosynthesis were performed. Ac-
cording to literature reports, harvesting of FVFG under
tourniquet of the thigh results in negligible additional
blood loss from this procedure [9].
Late donor-site morbidity, such as chronic pain, gait ab-
normality, ankle instability, and sensory deficit, has been
described in the literature [28]. In this study, no patients
had complications at the donor site of the FVFG, which
could potentially diminish the quality of results.

This work has some limitations. The limited use of FVFG,
a direct head-to-head comparative study between FVFG
and non-vascularized bone grafts, i.e. the relatively low
patient number and the retrospective nature of the study
resulted in limited data being available for collection, and
in some cases, variables were missing. However, all pri-
mary outcome variables were present, and no patient
was lost to follow-up. This study was performed at only
one single-center and may not reflect the experience of
other hospitals. Finally, multivariate analysis could not
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be performed due to the small number of patients in-
cluded in this study.

Conclusion
The Free Vascularized Fibular Graft (FVFG) plays a crucial
role in the reconstruction of various bony defects. Con-
sequently, the FVFG emerges as a viable and in some
cases better alternative for the reconstruction of bony
defects compared to non-vascularized bone, given its
superior reconstruction capacity, rapid union, and accept-
able of donor site morbidity. The employment of double-
barrel techniques offers a stable alternative for large
defects, particularly in the load-bearing zones of large
tubular bones.
However, additional studies are necessary to fully evalu-
ate the efficacy of this technique and to demonstrate a
direct head-to-head comparative between FVFG and non-
vascularized bone grafts.

Notes

Institutional review board

The study was conducted in accordance with the Decla-
ration of Helsinki and was approved by the Ethics Com-
mittee of the University of Dresden (EC 219052023).

Informed consent

Written informed consent for publication has been ob-
tained from the patients.

Data availability

The datasets analyzed in this manuscript are not publicly
available. Requests to access the datasets should be
directed to the corresponding author.

Acknowledgments

Weacknowledge support by the Open Access Publication
Fund of the University of Dresden.

Competing interests

The authors declare that they have no competing in-
terests.

References
1. Meyer C, Harland U, Kantelberg C, Fischer S, Szalay G. Die freie,

nicht vaskularisierte Fibulatransplantation – Indikationen und
deren Grenzen im Kindes- und Erwachsenenalter [The non-
vascularised fibular transfer – indications and limits in infancy
and adulthood]. Z Orthop Unfall. 2014 Dec;152(6):565-71.
DOI: 10.1055/s-0034-1383024

2. Nishida J, Shimamura T. Methods of reconstruction for bone
defect after tumor excision: a review of alternatives. Med Sci
Monit. 2008 Aug;14(8):RA107-13.

3. Mankin HJ, Hornicek FJ, Raskin KA. Infection in massive bone
allografts. Clin Orthop Relat Res. 2005 Mar;(432):210-6.
DOI: 10.1097/01.blo.0000150371.77314.52

4. Keating JF, Simpson AH, Robinson CM. The management of
fractures with bone loss. J Bone Joint Surg Br. 2005
Feb;87(2):142-50. DOI: 10.1302/0301-620x.87b2.15874

5. BumbasirevicM, StevanovicM, Bumbasirevic V, Lesic A, Atkinson
HD. Free vascularised fibular grafts in orthopaedics. Int Orthop.
2014 Jun;38(6):1277-82. DOI: 10.1007/s00264-014-2281-6

6. Malizos KN, Zalavras CG, Soucacos PN, Beris AE, Urbaniak JR.
Free vascularized fibular grafts for reconstruction of skeletal
defects. J Am Acad Orthop Surg. 2004 Sep-Oct;12(5):360-9.
DOI: 10.5435/00124635-200409000-00010

7. de Boer HH, Wood MB, Hermans J. Reconstruction of large
skeletal defects by vascularized fibula transfer. Factors that
influenced the outcome of union in 62 cases. Int Orthop.
1990;14(2):121-8. DOI: 10.1007/BF00180115

8. Jones NF, Swartz WM, Mears DC, Jupiter JB, Grossman A. The
“double barrel” free vascularized fibular bone graft. Plast
Reconstr Surg. 1988 Mar;81(3):378-85.
DOI: 10.1097/00006534-198803000-00011

9. Soucacos PN, Korompilias AV, Vekris MD, Zoubos A, Beris AE.
The free vascularized fibular graft for bridging large skeletal
defects of the upper extremity. Microsurgery. 2011
Mar;31(3):190-7. DOI: 10.1002/micr.20862

10. Wood MB, Bishop AT. Massive bone defects of the upper limb:
reconstruction by vascularized bone transfer. Hand Clin. 2007
Feb;23(1):49-56. DOI: 10.1016/j.hcl.2007.01.002

11. Yajima H, Tamai S, Mizumoto S, Ono H. Vascularised fibular grafts
for reconstruction of the femur. J Bone Joint Surg Br. 1993
Jan;75(1):123-8. DOI: 10.1302/0301-620X.75B1.8421008

12. Cheng X, Yao Y, Liu K, Wu L, Yang W. Free iliac crest grafting
technology for themanagement of critical-sized tibial bone defect.
BMC Musculoskelet Disord. 2024 Mar 7;25(1):201.
DOI: 10.1186/s12891-024-07335-y

13. Vail TP, Urbaniak JR. Donor-sitemorbidity with use of vascularized
autogenous fibular grafts. J Bone Joint Surg Am. 1996
Feb;78(2):204-11.DOI: 10.2106/00004623-199602000-00006

14. Graham D, Sivakumar B, Piñal FD. Triangular Vascularized Free
Fibula Flap for Massive Carpal Reconstruction. J Hand Surg Am.
2022 Feb;47(2):196.e1-196.e6.
DOI: 10.1016/j.jhsa.2021.05.015

15. Wei FC, Seah CS, Tsai YC, Liu SJ, Tsai MS. Fibula
osteoseptocutaneous flap for reconstruction of composite
mandibular defects. Plast Reconstr Surg. 1994 Feb;93(2):294-
304; discussion 305-6.

16. Bongers MER, Ogink PT, Chu KF, Patel A, Rosenthal B, Shin JH,
Lee SG, Hornicek FJ, Schwab JH. The use of autologous free
vascularized fibula grafts in reconstruction of the mobile spine
following tumor resection: surgical technique and outcomes.
J Neurosurg Spine. 2020 Nov 6;34(2):283-92.
DOI: 10.3171/2020.6.SPINE20521

17. Dimitriou R, Jones E, McGonagle D, Giannoudis PV. Bone
regeneration: current concepts and future directions. BMCMed.
2011 May 31;9:66. DOI: 10.1186/1741-7015-9-66

18. Bota O, Meier F, Garzarolli M, Schaser KD, Dragu A, Taqatqeh F,
Fritzsche H. Lower leg reconstruction after resection of a
squamous cell carcinoma on necrobiosis lipoidica with a pedicled
fibula and an extended anterolateral thigh flap-a case report.
World J Surg Oncol. 2023 Feb 6;21(1):38. DOI: 10.1186/s12957-
023-02923-z

9/10GMS Interdisciplinary Plastic and Reconstructive Surgery DGPW 2024, Vol. 13, ISSN 2193-8091

Bienger et al.: Free vascularized fibula transfer in single- or double-barrel ...



19. Houdek MT, Rose PS, Bakri K, Wagner ER, Yaszemski MJ, Sim
FH, Moran SL. Outcomes and Complications of Reconstruction
with Use of Free Vascularized Fibular Graft for Spinal and Pelvic
Defects Following Resection of a Malignant Tumor. J Bone Joint
Surg Am. 2017 Jul 5;99(13):e69. DOI: 10.2106/JBJS.16.01458

20. Moran SL, Bakri K, Mardini S, Shin AY, Bishop AT. The use of
vascularized fibular grafts for the reconstruction of spinal and
sacral defects. Microsurgery. 2009;29(5):393-400.
DOI: 10.1002/micr.20655

21. Cibura C, Ull C, Rosteius T, Lotzien S, Godolias P, Rausch V,
Schildhauer T, Kruppa C. The Use of the Ilizarov Fixator for the
Treatment of Open and Closed Tibial Shaft and Distal Tibial
Fractures in Patients with Complex Cases. Z Orthop Unfall. 2024
Apr;162(2):166-78. DOI: 10.1055/a-1910-3606

22. Baumgart R, Schuster B, Baumgart T. Kallusdistraktion und
Segmenttransport zur Behandlung von Knochendefekten [Callus
distraction and bone transport in the treatment of bone defects].
Orthopade. 2017 Aug;46(8):673-80. DOI: 10.1007/s00132-
017-3441-3

23. Taqi M, Llewellyn CM, Estefan M. Fibula Tissue Transfer. In:
StatPearls. Treasure Island (FL): StatPearls Publishing; [last
update 2023 Jan 8]. Available from: https://
www.ncbi.nlm.nih.gov/sites/books/NBK563283/

24. Huang Q, Lu Y, Ma T, Wang Q, Wang C, Li Z, Zhang K, Ren C.
Pedicled Double-Barrel Fibular Transplantation Versus Bone
Transport in the Treatment of Upper Tibial Osteomyelitis with
Bone Defects: A Retrospective Study. Orthop Surg. 2022
Nov;14(11):2888-96. DOI: 10.1111/os.13466

25. Rosli MA, Sulaiman WAW, Ismail WFW, Yahaya S, Saad AZM,
Wan Z, Halim AS. Functional outcomes in total talus
reconstruction with triangular double-barrel free fibula flap
following oncological resection: A retrospective case series
review. J Plast Reconstr Aesthet Surg. 2022 Feb;75(2):641-50.
DOI: 10.1016/j.bjps.2021.09.032

26. Ihara K, Doi K, Yamamoto M, Kawai S. Free vascularized fibular
grafts for large bone defects in the extremities after tumor
excision. J Reconstr Microsurg. 1998 Aug;14(6):371-6.
DOI: 10.1055/s-2007-1000193

27. Amr SM, El-Mofty AO, Amin SN, Morsy AM, El-Malt OM, Abdel-Aal
HA. Reconstruction after resection of tumors around the knee:
role of the free vascularized fibular graft. Microsurgery.
2000;20(5):233-51. DOI: 10.1002/1098-
2752(2000)20:5<233::aid-micr4>3.0.co;2-o

28. Ling XF, Peng X. What is the price to pay for a free fibula flap? A
systematic review of donor-site morbidity following free fibula
flap surgery. Plast Reconstr Surg. 2012 Mar;129(3):657-74.
DOI: 10.1097/PRS.0b013e3182402d9a

Corresponding author:
Dr. med. Kevin Bienger
University Center for Orthopedics, Trauma and Plastic
Surgery, Faculty of Medicine Carl Gustav Carus, TU
Dresden, Fetscherstraße 74, 01307 Dresden, Germany
kevin.bienger@uniklinikum-dresden.de

Please cite as
Bienger K, Stefan V, Dragu A, Bota O, Taqatqeh F, Schaser KD,
Rudari M, Fritzsche H. Free vascularized fibula transfer in single- or
double-barrel technique for reconstruction of segmental bone defects
following oncological resection or posttraumatic bone loss. GMS
Interdiscip Plast Reconstr Surg DGPW. 2024;13:Doc07.
DOI: 10.3205/iprs000189, URN: urn:nbn:de:0183-iprs0001894

This article is freely available from
https://doi.org/10.3205/iprs000189

Published: 2024-12-09

Copyright
©2024 Bienger et al. This is an Open Access article distributed under
the terms of the Creative Commons Attribution 4.0 License. See license
information at http://creativecommons.org/licenses/by/4.0/.

10/10GMS Interdisciplinary Plastic and Reconstructive Surgery DGPW 2024, Vol. 13, ISSN 2193-8091

Bienger et al.: Free vascularized fibula transfer in single- or double-barrel ...


