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INTRODUCTION

Large composite defects of the maxillofacial re-
gion pose major challenges to the reconstructive
surgeon. This is especially true in the setting of a
compromised wound environment (ie, osteoradio-
necrosis, contaminated/infected wounds, multiply
operated sites). Advances in surgical techniques
through the use of microvascular osteocutaneous
flaps have increased the predictability of recon-
structing large defects missing both hard and
soft tissue. However, autologous tissue presents
limited availability for transfer and is often not of
ideal dimensions. Additionally, the harvesting of
bone from the patient, either as a graft or as a
free flap, necessitates donor site morbidity, with
free tissue flaps requiring increased operating
room time and technical expertise.

With the birth of tissue engineering in the mid-
1980s1 the groundwork was laid for identifying
the different developmental processes and struc-
tures responsible for tissue and organ formation
and applying this knowledge to regenerate tissue
with anatomic accuracy and functional fidelity.
Despite the transformation of tissue engineering
from a nascent science into a scientific and com-
mercial industry, few actual tissue engineering
products have entered into clinical practice. One
of the principal limitations identified by tissue engi-
neers is the difficulty to create sufficient vascularity
to support the constructs produced in the labora-
tory. This article describes the use of in vivo biore-
actors to address this challenge and our
experiences and those of others who have adop-
ted this approach as a potential method of
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KEY POINTS

� Large composite defects of the maxillofacial region continue to pose major challenges to the recon-
structive surgeon.

� Despite advances in reconstructive surgery using microvascular free flap techniques, donor site
morbidity and the inability to recreate the original form of the bony defect has driven research
into novel modalities of reconstruction.

� The in vivo bioreactor represents a promising method that combines microvascular surgical tech-
niques with tissue engineering principles to create patient-specific vascularized bone flaps for the
reconstruction of challenging maxillofacial defects.
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producing composite grafts for maxillofacial
reconstruction.

CURRENT METHODS OF MAXILLOFACIAL
RECONSTRUCTION

Maxillofacial reconstruction has evolved from non-
vascularized grafting to the introduction of micro-
vascular free flaps in the late 1980s and early
1990s. The impact of free flap reconstructions
has been so profound that it has been considered
to be one of the most influential advances in head
and neck surgery to date.
Generally, the goals for head and neck recon-

struction are addressed with the use of flaps
from one of three areas. The fibula, anterior lateral
thigh (ALT), and radial forearm free flaps are
the most commonly used donor sites because of
their ease in harvest, modest donor site morbidity,

and ability to include a large volume and variety of
tissue types from a single vascular pedicle. For de-
fects requiring composite soft tissue and bony
reconstruction, options include the fibula, scapula,
and deep circumflex iliac artery sites.
The fibula is commonly used for bony reconstruc-

tions of the head and neck because of its long bone
stock, generous vascular pedicle caliber and length,
ability to incorporate soft tissue, and acceptable
morbidity at the donor site. Variations in anatomy
of the fibula can limit the height and width of the
flap requiring additional bone grafting procedures,
and variations in the vasculature of the lower leg
can affect the pedicle length necessitating the use
of interpositional vein grafting. The lack of adequate
bone height, especially when reconstructing non-
dentate mandibles, leads to discrepancies in the
bone level and this can make dental rehabilitation
a challenge. Fig. 1 demonstrates a reconstructed

Fig. 1. (A) Fibular construct for a left segmental mandibulectomy defect before harvest from the donor site. (B)
Lateral postsurgery three-dimensional reconstruction with fibular construct inset into recipient site of left
segmental mandibulectomy defect. Note the deficient bone height compared with the contralateral mandible.
(C) Coronal view at the level of the body of the mandible. The right native mandible is compared with the
left reconstructed mandible.
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