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Sternal defect reconstruction using a double-barrel
vascularized free fibula flap: a case report

Paula Rocha Gravina, Daniel K. Chang, James A. Mentz, Rami Paul Dibbs, Marco Maricevich
Division of Plastic Surgery, Michael E. DeBakey Department of Surgery, Baylor College of Medicine, Houston, TX, USA

Total and subtotal sternectomy oncological defects can result in large deficits in the chest
wall, disrupting the biomechanics of respiration. Reviewing the current literature involving
respiratory function and rib motion after sternectomy, autologous rigid reconstruction was
determined to provide the optimal reconstructive option. We describe a novel technique for
sternal defect reconstruction utilizing a double-barrel, longitudinally oriented, vascularized
free fibula flap associated with rib titanium plates fixation. Our reconstructive approach was
able to deliver a physiological reconstruction, providing rigid support and protection while
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allowing articulation with adjacent ribs and preservation of chest wall mechanics.
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INTRODUCTION

Total and subtotal sternectomy defects from oncologic resec-
tion are a challenging problem for the reconstructive surgeon.
The three major goals of sternal reconstruction are to protect
the underlying viscera, provide adequate tissue coverage that
obliterates dead space, and restore stability of the anterior chest
wall for effective pulmonary function [1].

Restoration of chest wall stability plays a crucial role in main-
taining chest wall dynamics and allowing normal respiration.
Nagasao et al. [2] utilized computer simulations to study the
biomechanical changes in rib motion in a variety of simulated
sternal defects. It was found that the functional loss in thoracic
expansion is caused by a phenomenon termed the “hugging dis-
order;” relating to the abnormal inward motion of the ribs with-
out sternal support. This effect was most pronounced in total
and subtotal sternal defects, significantly restricting the volume

change of thoraces as low as 20% of normal values during respi-

ration.

Current reconstructive algorithms for total and subtotal ster-
nectomies favor a polymethylmethacrylate/polypropylene
(PMM/PP) implant sandwich technique combined with an
overlying soft tissue flap [3]. A titanium rib bridge system asso-
ciated with soft tissue flaps has also been proposed in the litera-
ture with good results [4].

The vascularized fibula’s strong cortical bone is excellent for
holding screws, can integrate with local bone, and enjoys low
risk of rejection [5,6]. With concern for long term delayed com-
plications in a young active patient, possible infection associated
with PMM/PP and hardware failure with spanning rib plates
alone, we propose a novel approach of rigid reconstruction for
large sternectomy defects using a longitudinally oriented dou-
ble-barreled free fibula flap in association with titanium plates
and local soft tissue coverage. This technique provides a stable
rigid reconstruction that effectively preserves chest wall biome-

chanics.
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CASE

A 31-year-old healthy and active male with a 3-month history of
worsening midline chest pain was found to have a 4.5 1.6 cm
expansile lytic mass. Tissue biopsy revealed spindle-cell-neo-
plasm with myxoid features. Informed consent was obtained
from the patient for surgical management. Ablative surgery re-
sulted in subtotal resection of the sternum sparing only the ma-
nubrium. A free fibula flap was harvested in a double barrel
fashion to best mimic the resected sternum. Minor trimming of
the residual costochondral cartilages allowed a fit of both fibula
bone segments side-by-side in the longitudinal axis. The fibula
vascular pedicle was anastomosed to the internal mammary ves-
sels at the right second rib space. Periosteal and cortical win-
dows were created along the lateral edges of the inset fibula flap
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to allow direct contact with the costochondral cartilages of ribs
3, 4, and S bilaterally. Fixation of the ribs were performed using
the Synthes-chest-wall-reconstruction 1.5 mm titanium plates
across the fibula flap and remaining rib segments bilaterally
along ribs 3, 4, and S. Bicortical locking fixation was placed into
bilateral osseous rib and monocortical locking fixation to both
segments of the fibula at each level. Bilateral pectoralis flaps
were then advanced and closed at the midline over two subcuta-
neous drains providing complete hardware coverage. Bilateral
pleural chest tubes were placed (Fig. 1).

The patient was extubated at the end of the case and dis-
charged home on postoperative day 11 with no supplemental
oxygen, incentive spirometry levels above 2,000 mL, adequate
pain control, and no signs of chest wall instability or paradoxical
motion.

Fig. 1. Double-barrel vascularized free fibula flap harvest and transfer. (A) Sternal wound defect and specimen. (B) Right internal mammary ar-
tery and vein harvested from the second intercostal space. (C) Dissected left fibula free flap based on peroneal vessels. Preserving the vascular
pedicle along its entire course, the bone was transected on its axial plane resulting in two segments of equal length; its distal segment was
turned 180° in a “double barrel” fashion before transfer to sternectomy defect. (D) Synthes titanium 1.5 mm chest-wall-reconstruction plates
with screw fixation to bilateral ribs and to fibula bone flap. (E) Bilateral pectoralis major muscle flaps and epigastric adipofascial flap used to
cover hardware. (F) Skin closure and internal Doppler for monitoring of the flap.
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Fig. 2. Postoperative computed tomography (CT) scan demonstrat-
ing stable, rigid chest wall. CT scan (sagittal view) of chest 7 months
postoperative, showing unicortical screws through each fibula seg-
ment at levels of ribs 3, 4, and 5 (white arrow).

Postoperative computed tomography scan of the chest at 5
and 7 months showed a stable rigid chest wall with well-main-
tained alignment of the fibula flap, titanium plates across 3, 4,
and Sth ribs bilaterally (Figs. 2, 3). Both images showed no evi-
dence of hardware failure. Clinically, he reports painless and ef-
fortless respiration. Excursions were symmetric bilaterally (Sup-
plemental Video 1) with no evidence of chest wall instability or

paradoxical motion.

DISCUSSION

Skeletal stabilization in total and subtotal sternectomy is a re-
constructive challenge. While the current standard is prosthetic
rigid stabilization, this is inevitably associated with a risk of in-
fection and long-term failure [7,8]. The choice for this novel re-
construction technique was made jointly with this young active
patient to address his specific anatomical deficits while achiev-
ing the aforementioned goals of sternal reconstruction.

Bone grafts are beneficial options for reconstruction because
they are capable of incorporating into recipient tissue with re-
vascularization and cellular repopulation, rendering them more
resistant to postoperative infection [1]. While bony reconstruc-
tion has demonstrated positive outcomes, there is a paucity of
data for its use in sternal defects [9]. In addition to vascularized
fibula grafts, other autologous bone reconstruction options have
been used to surgically manage large sternal defects for skeletal
rigidity. In their case series, Haraguchi et al. [10] reported that
three of their 15 patients underwent autologous bone grafting
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Fig. 3. Three-dimensional chest computed tomography (CT) scan
demonstrating successful double barrel fibula free flap. Chest CT
scan three-dimensional reconstruction showing a vertically oriented
double barrel fibula free flap and titanium plates secured across
both fibula segments and level of ribs 3, 4, and 5.

(one for rib, one for rib and iliac crest, and one for iliac crest)
following sternectomy for primary, recurrent breast carcinoma.
While none of these patients demonstrated postoperative com-
plications, none survived as a result of their cancer diagnosis.
Drinnon et al. [9] reported a single case of a patient who suc-
cessfully underwent sternal tumor resection and reconstruction
with an iliac crest autograft with no major complications at 9
months follow-up. Beltrami and Gidaro [11] demonstrated
good outcomes utilizing two split tibial grafts following resec-
tion of the manubrium, inner third of the left clavicle, and medi-
al ends of the bilateral first two ribs. Nevertheless, while numer-
ous anatomically distinct bones have been incorporated, larger
prospective studies are needed to compare outcomes between
different autologous bones for sternal reconstruction.
Considerations for vertical versus transverse orientation of the
fibula were weighed, and the decision was made that a vertical
orientation provides a more physiologic reconstruction of the
sternum. While transverse orientation could theoretically allow
for bone-to-bone healing, this would require additional resec-
tion of the ribs back to the osseous rib and limit the number of
rib spaces that could be spanned [12]. Nahabedian et al. [13]
performed allogenic fibula grafting following cardiac transplant
and sternal resection to accommodate a larger heart that re-
quired greater thoracic volume for appropriate function. This
technique involved dividing the fibula allograft into two S cm
segments that were transversely oriented adjacent to ribs 8 and

10 with no major postoperative complications noted. Vertical
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orientation of the fibula placed between the rib spaces, however,
provides a physical stop to prevent the “hugging effect” caused
by the bilateral rib cages shifting inwards towards the midline.

Given that our fibula was transected and oriented 180° in a
“double barrel” fashion, there was concern for the vascular sup-
ply to the distal segment due to the anticipated folding of the
pedicle. In our case, a 4 cm bone segment was removed from
the osteotomy site to allow for a gentle curve of the vascular
pedicle in between the proximal and distal segments of the fibu-
la flap. The use of the contralateral internal mammary vessels as
a super charge option is a possible alternative. An independent
microvascular anastomosis recipient vessel for the distal seg-
ment of fibula could also be utilized, but intraoperative assess-
ment of the distal segment of the fibula showed significant
bleeding from its distal stump throughout the entire case.

The plates were chosen to help maintain position of the fibula,
but as opposed to spanning plates used alone, the fibula as a
physical stop helps to minimize the excessive rib motion that
can lead to plate failure. Periosteal and cortical windows were
made in the fibula at its junction with the adjacent cartilaginous
ribs, to allow a degree of integration and fibrocartilaginous pseu-
do-joint formation that mimics the native costochondral joints.
Experience in reconstruction throughout the body has shown
us that autologous reconstruction can provide many benefits
particularly in long-term outcomes. In the treatment of large
bony defects, free fibula grafts have been shown to boast an im-
pressive rate of union at 82% at 2 years and 97% at S years [ 14].
Due to this property, eventual hardware failure can be of no clin-
ical significance if the bone graft has incorporated. In a series of
87 patients requiring removal of fixation plates after mandibular
reconstruction using an osteocutaneous free flap, the flap was
maintained in all but two patients [15]. In this way, our graft de-
sign will hopefully be able withstand the potential complications
associated with plate use. We present this case report to increase
consideration for autologous rigid reconstruction in oncologic

sternal resections in the young patient population.
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Supplementary material

Supplemental Video 1. Postoperative physical exam demon-
strating bilateral, symmetric breathing at 7 months postopera-
tively. Bilateral symmetric excursions with no paradoxical mo-
tion and excellent chest wall stability. Supplemental data can be
found at: https://doi.org/10.5999/aps.2021.00682.v001.
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