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INTRODUCTION

Head and neck reconstruction has always been a
challenging problem: in the past, most oral and pha-
ryngeal defects were closed primarily using skin � aps
or tubed-pedicle � aps of skin from the trunk (1). In
1957 the � rst human free tissue transfer (revascular-
ized isolated jejunal segment) to the head and neck
(reconstruction of the cervical esophagus) was carried
out successfully (2). Despite this encouraging report,
free tissue transfer for head and neck reconstruction
was not as popular as the new technique of regional
axial pattern skin � aps which dominated the head
and neck surgical scenario for over a decade. In 1963,
McGregor (3) described the use of the forehead � ap
and, in 1965, Bakamjian (4) reported on the deltopec-
toral � ap. Clearly, the contribution of Bakamjian in
developing the technique of deltopectoral � ap was
one of the major advances in head and neck recon-
struction at that time. This advance helped oncologic
surgeons to reconstruct defects, especially those in-
volving the surface skin. This technique was also used
for reconstruction of the pharynx, a de� nite surgical
challenge for the head and neck surgeons of the time.
However, even with this technique developed by
Bakamjian, the average period of time required for
reconstruction of the pharynx could be anywhere
between 3 and 6 months, involving multiple steps and
controlled � stula. Unfortunately, most of the patients
did not do well in relation to local control of the
disease and the overall poor results of pharyngeal
reconstruction. This was, however, a major advance
in head and neck reconstruction. Similarly, the pec-
toralis major myocutaneous � ap, initially developed
in 1979 by Ariyan (5), was another major advance in
head and neck reconstruction. For the next decade,
the pectoralis myocutaneous � ap became the
‘‘workhorse’’ for head and neck surgeons. It was used
for major defects in the head and neck, including
reconstruction of the skin and oropharynx. There
were still many problems relating to the bulk of the
� ap and dif� culties in raising the � ap in women. Even
though there was a high complication rate relating to
wound problems using the pectoralis myocutaneous

� ap, the � ap carried its own blood supply, thus
providing better healing power.

The major contribution to head and neck recon-
struction over the past two decades has been mi-
crovascular tissue transfer. This technique has
enabled the ablative surgeon to undertake surgical
procedures that could not have been attempted in the
past. Microvascular tissue transfer enables better lo-
cal control and more satisfactory long-term results in
relation to local control and better functional out-
come. Further reports on well-vascularized muscu-
locutaneous � aps (pectoralis major, latissimus dorsi,
trapezius) led to more reliable single-stage reconstruc-
tions. In 1973, Daniel and Taylor (6) reintroduced the
concept of microvascular free tissue transfer. After
initial dif� culties concerning its acceptance for head
and neck reconstructive purposes, the approach
evolved rapidly in terms of its reliability and its
superior ability to restore function and an esthetically
pleasing appearance to certain head and neck defects.

In the past two decades, head and neck oncologic
surgery has witnessed several nuances. These have
been primarily related to advances in chemotherapy,
radiation therapy and the philosophy of organ
preservation. Several advances in radiation ther-
apy—including three-dimensional planning, inten-
sity-modulated radiation therapy and a better
combination of chemotherapy and radiation ther-
apy—have been critical in allowing better local con-
trol of head and neck tumors. Hyperfractionation
appears to be commonly used nowadays, particularly
in comparison to the use of standard radiation in the
past. Since the classic Veterans Affairs study of organ
preservation (7), there appears to have been increas-
ing interest among head and neck oncologists in
preserving both form and function, as well as in
trying to achieve better organ preservation (8). This is
related to tumors of the base of the tongue and
laryngopharynx . It is vitally important to select ap-
propriate patients for organ preservation therapy.
The role of brachytherapy cannot be overemphasized
in the head and neck, especially for tumors of the
base of the tongue and recurrent head and neck
cancers. However, soft tissue defects after major abla-
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tive procedures have remained a considerable chal-
lenge for oncologic surgeons. This is where the role of
microvascular surgery is paramount. In relation to
this, free tissue transfer, together with microvascular
advances, has made a major contribution to head and
neck oncologic surgery.

MICROVASCULAR FREE TISSUE TRANSFER

The availability of microvascular free tissue transfer
has been a major advance in head and neck surgery
since the 1970s and a variety of reconstructive tech-
niques are now available, depending on the nature of
the surgical defect. If necessary, free � aps can be
fashioned in which a combination of skin, muscle,
bone, tendon and nerve is selected. The microvascu-
lar free tissue transfer (see Table I) (9, 10) can be
distinguished into:

cutaneous and fasciocutaneous � aps;
muscle and musculocutaneous � aps;
osteocutaneous, osteomusculocutaneous and os-
teomuscular � aps.

Radial forearm � ap

In 1981, Yang � rst described the radial forearm � ap
in China (11). For this reason it is referred to as the
‘‘Chinese � ap’’. In 1983, the radial forearm free � ap
was described by Soutar et al. (12) for intra-oral
reconstruction. In particular, it provides a large, thin,
pliable, predominantly hairless � ap for intra-oral and
oropharyngeal lining (11–13). The vascularity of the
area allows considerable variation in the design of this
fasciocutaneous � ap and offers the possibility of in-
cluding bone as an osteocutaneous � ap (12). Mi-
crovascular anastomosis of large-caliber radial vessels
ensures successful transfer and constitutes a major
advance in head and neck reconstruction.

Brown et al. (14) showed that the addition of the
superiorly based pharyngeal � ap to the radial forearm
� ap in soft palate reconstruction resulted in improved
speech and swallowing. They recommended the use of
the additional � ap in resections in which more than
one-quarter of the soft palate is included.

Resurfacing the nasopharynx after nasopharyngec -
tomy and covering the internal carotid artery are
important in order to minimize the risk of infection,
osteoradionecrosi s and carotid rupture. The free radial
forearm � ap aids healing and minimizes the risk of
complications; the morbidity associated with the
surgery is minimal and the functional recovery is
excellent (15). Most microvascular surgeons use the
Allen test (manual occlusion and sequential release of
radial and ulnar vessels at the wrist) preoperatively in
order to assess adequate collateral ulnar artery circu-
lation before the radial forearm free � ap harvest. This
test is highly predictive in assessing the palmar circu-
lation, especially when strongly negative or positive
(16), although many surgeons prefer to con� rm this
using angiography.

Deschler et al. (17) reported that tracheoesophagea l
speech after radial forearm free � ap reconstruction of
the neopharynx demonstrates that acceptable voice
can be achieved, albeit with limitations.

Interestingly, Sakamoto et al. (18) reported a second
primary squamous cell carcinoma arising in a radial
forearm � ap used for reconstruction of the hypophar-
ynx 10 years following hypopharyngectomy.

The radial forearm � ap is the most widely used free
tissue transfer in head and neck reconstruction (16). It
is very suitable for surface coverage of the skin and
reconstruction of the oral cavity and tongue, particu-
larly as it is thin and pliable. It is also a very important
� ap for reconstruction after marginal mandibulectomy

Table I. Microvascular free � aps. Modi� ed from
Baker (9) and Kuriloff and Sullivan (10)

Cutaneous and fasciocutaneous � aps
Scalp and forehead
Deltopectoral
Lateral thoracic
Scapular (parascapular)
Deltoid
Foream
Medial arm
Lateral arm
Lateral thigh
Groin

Muscle and musculocutaneous � aps
Latissimus dorsi
Serratus anterior
Rectus femoris
Rectus abdominis
Pectoralis major
Pectoralis minor
Tensor fascia lata
Gracilis

Osteocutaneous � aps
Groin skin and iliac crest
Chest skin and anterior rib
Dorsal foot skin and metatarsal bone
Lower leg skin and � bular bone
Back skin and scapular bone
Forearm skin and radius bone
Upper arm skin and humerus bone

Osteomusculocutaneous � aps
Tensor fascia lata
Deep circum� ex iliac
Internal mammary intercostal muscle

Osteomuscular � aps
Tensor fascia lata
Serratus anterior
Internal mammary intercostal muscle
Iliac crest–internal oblique muscle
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and the results have been extremely satisfactory. How-
ever, donor site problems relating to split-thickness
skin grafts are well recognized. In our experience,
functional recovery from the forearm defect is quite
acceptable and there is minimal residual discomfort.
The AlloDerm graft is a viable alternative to the
split-thickness skin graft for coverage of the radial
forearm free � ap donor site (19). The radial forearm
osteocutaneous � ap is rarely used and can lead to the
problem of fracture of the radius. Disa et al. (20) from
the Memorial Sloan–Kettering Cancer Center found
a more tenuous blood supply to the radial bone in a
composite � ap. They noted bone resorption rates of
33% when plated to the central segments and 37%
when plated to the body segments; ramus segments did
not lose height. We have occasionally used osteocuta-
neous � ap with a segment of the radius and recon-
structed the radius with iliac crest. Radial
osteocutaneous � ap is quite satisfactory for small
segment defects of the mandible. Radial forearm � ap
is also commonly used for pharyngoesophagea l recon-
struction (21). The postoperative functional results in
relation to swallowing are quite satisfactory.

Ulnar forearm � ap

In a recent study (22) reporting on 75 patients, it
was concluded that, comparing the ulnar forearm
� ap (51 patients) with its radial counterpart (24 pa-
tients), the former is favored because of the less
hairy skin of the ulnar forearm region, the thinner
layer of subcutaneous tissues and the more conve-
niently located donor area. However, the ulnar fore-
arm pedicle is long compared with alternative
transplants, although shorter than the radial equiva-
lent.

Fibula � ap

Conventional angiography has been recommended
for imaging of the leg prior to � bular free � ap
harvest. Magnetic resonance angiography offers a
similar level of accuracy, is useful when choosing the
side of � bular harvest and in excluding patients for
whom the � bula is not a suitable donor site, pre-
sents no risk to the patient and is less costly (23).

Fibula osseocutaneous free � ap is widely used for
oromandibular reconstruction following oncological
resections or trauma, and is an emerging choice af-
ter maxillary section (21, 24). After oncologic resec-
tion of the mandible, reconstruction using a free
vascularized bone graft has become the predominant
treatment of choice (25). Credit goes to Hidalgo (26)
from the Memorial Sloan–Kettering Cancer Center
for perfecting the technique of � bula free � ap and
for making multiple short osteotomies to conform

the � bula to the mandible. This clearly represents an
advance in mandibular reconstruction, which has
been a major challenge for reconstructive surgeons
for many decades. A variety of different techniques
of reconstruction with � bula have been developed,
including reconstruction with multiple mini-plates or
a single large plate. Problems relating to � ap healing
and plates acting as a foreign body (especially with
exposure into the oral cavity) persist. One of the
major disadvantages of � bular free � ap is the limited
availability of the skin and soft tissue necessary for
reconstruction of mucosal defects. Donor site mor-
bidity continues to be a problem, mainly involving
split-thickness skin grafts or primary closure. How-
ever, over a period of time, the functional recovery
of the leg is generally satisfactory. The � bular free
� ap technique continues to be a challenging problem
in elderly patients and is characterized by associated
vascular and atherosclerotic vascular problems.
However, � bular free � ap has truly revolutionized
the philosophies behind mandibular reconstruction
and the results have been outstanding. For
mandibular reconstructions, Haughey et al. (21)
prefer the � bula over the iliac crest, mainly because
it can be harvested easily under tourniquet control
with little loss of blood.

Use of the � bula osteocutaneous free � ap to re-
construct the midface is highly reliable. However,
when orbitozygomati c support is the primary objec-
tive, the utility of this � ap is limited. Because of the
complexity of this procedure, the choice of midface
reconstruction technique should be individualized
for each patient (27).

For advanced osteoradionecrosis of the mandible,
radical resection of all necrotic tissue followed by
immediate restoration of osseous and soft tissue de-
fects with non-irradiated tissue (free tissue transfer)
provides a reliable means of obtaining good wound
healing with acceptable esthetic and functional re-
sults (28). Osteoradionecrosi s continues to be a ma-
jor challenge for oncologic head and neck surgeons.
Even though a variety of treatment modalities have
been used in recent years (including the conservative
approach of debridement, antibiotics and hyperbaric
oxygen), management has been quite dif� cult on
several occasions when an extensive segment of the
mandible has been involved in the osteoradione-
crotic process. We have used radical resection of the
osteoradionecroti c segment of the mandible and pri-
mary reconstruction with � bula free � ap. The � bula
has its own blood supply, which enables the
mandible to heal and still achieves satisfactory cos-
metic and functional results.
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Iliac crest � ap
When reconstructing mandible a decade ago, there
was considerable enthusiasm concerning the use of
iliac crest, particularly as it provided both the bone
and a considerable portion of the skin and soft tissue.
However, the surgical technique is quite tedious and
mandibular reconstruction proves to be far more
challenging using iliac crest. It also provides a small
segment, rather than enabling one to reconstruct
extensive portions of the mandible. Although the
� bula free � ap is the � ap of choice, the iliac crest is
an excellent and reliable complementary � ap for
mandibular reconstruction (29).

Scapula � ap
This technique provides a small segment of the
scapula, but one can take a large portion of the skin
along with the soft tissues. The scapular � ap has
proven to be useful for restoring the bony and soft
tissue contours of the face and achieving rigid sup-
port for the velum, oronasal separation, support for
the orbit and obliteration of the maxillary sinus. The
scapular free � ap has been found to be a useful tool
for reconstructing complex and variable maxillec-
tomy defects (30).

One of the major problems associated with scapu-
lar free � ap is the complexity encountered in the
operating room when turning the patient in the mid-
dle of the surgery into a semi-prone position. Donor
site morbidity, however, is minimal, as the wound
can be closed primarily in most cases. Again, draw-
backs include the limited amounts of bone and soft
tissue available.

Inferior rectus abdominis muscle � ap
The inferior rectus abdominis � ap is one of the most
useful donor tissues because of its long stalk and
large-caliber nutrient vessels with a well-de� ned
anatomic location and ease of harvest. Positional
change of a patient during the operation can be
avoided and, if desired, simultaneous � ap dissection
and tumor ablation can be performed without interfer-
ence, further shortening the operation time (13). Rec-
tus abdominis � ap is a good � ap for soft tissue
reconstruction of major oropharyngeal defects. It is
also a � ap where the skin can be used for both external
coverage and mucosal lining. We have used it several
times for soft tissue defects of the lateral mandibular
region, where bony reconstruction is either not feasible
or unnecessary. The bulk of the � ap does continue to
be a problem, leading to issues of tissue sagging. One
of the major advantages of a rectus � ap is the long
vascular pedicle, which is quite helpful for reconstruc-
tion of defects at the skull base and for soft tissue
defects of the maxilla. It is an invaluable � ap for

reconstruction of orbitomaxillary defects and for re-
construction of the hard palate. Although the use of
rectus free � ap for reconstruction of the hard palate has
considerably decreased the need for prosthetic recon-
struction in recent years, these � aps will need to be
studied critically in relation to functional outcome. As
the well-vascularized � ap provides tissue bulk, it can
be used for reconstruction of the skull base following
tumor extirpation. This � ap is particularly useful in
sealing the skull base in order to prevent or treat
leakage of cerebrospinal � uid (11).

Jejunal � ap
Free vascularized jejunal � aps for oropharyn-
goesophageal reconstruction are now considered the
free visceral � aps of choice by several groups. Usually,
a two-team approach is utilized to facilitate transfer
and closure (31). As jejunal tissue provides the secre-
tion of mucus, the swallowing function is better with
jejunal graft when compared to other methods of
reconstruction (11). Postoperative radiotherapy to the
neck may affect the graft. However, in a recent
prospective study (32), free jejunal � ap transferred to
the neck, in view of its good blood supply, has been
shown to tolerate postoperative radiotherapy well.

DISCUSSION

The goals of primary reconstruction of the head and
neck following extensive resection for cancer are
prompt resurfacing of mucosal or skin defects, restora-
tion of bony supports and reconstruction of speci� c
organs, such as the cervical esophagus. These objec-
tives can minimize postoperative complications and
hospital stay and optimize the patient’s ability to
return to normal social functioning (13).

Free tissue transfers have been shown to be a
successful method for one-stage reconstruction in al-
most all major head and neck defects, with � ap success
rates of 98–99% and low re-exploration rates (2%) in
institutions performing a high volume of this surgery
(33), and to provide a higher level of functional
recovery in comparison to that achieved using other
techniques. The main advantages of free tissue transfer
are the improved blood supply (which is crucially
important in wound healing and in the survival of the
transposed tissue itself), the unrestricted � ap position-
ing from a large variety of donor sites, which is not
possible with the arc of rotation in pedicled � aps, the
large amount of composite tissue available, the poten-
tial for functional reconstruction (sensitive and motor
functions) and the primary placement of osseointe-
grated implants. Microvascular � aps allow for tissue
augmentation of the head and neck, with restoration
of symmetry, without the problem of subsequent
atrophy and resorption (9).
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Free tissue transfer is a complex technique that
requires microvascular expertise [often involving a
simultaneous two-team surgical approach (34) and
multidisciplinary cooperation], increased surgical time
and, therefore, prolonged anesthesia. From a strictly
technical point of view, the recipient vessels may be
unavailable or unusable and the muscle pedicle is not
always available for carotid protection. Esthetically,
the color and texture of the transferred tissue may not
be ideal compared to the characteristics of the sur-
rounding natural tissue. Furthermore, there may be
functional disability at the donor site.

The major complication following microsurgical
reconstruction for head and neck cancer is thrombosis
of either the arterial or venous anastomoses, leading
to loss of the � ap. Hematomas may occur due to the
extensive resection or due to the inability to place
adequate suction drainage close to the microsurgical
anastomoses. The medical condition and habits of the
patient are also very important: pulmonary problems,
prolonged ventilatory support and acute alcohol with-
drawal are the most common causes of morbidity and
occasional mortality in patients who are heavy smokers
and drinkers and are debilitated (33). Ischemia:reper-
fusion injury is often the � nal, irreversible factor
causing � ap failure in microvascular surgery for head
and neck defects (35).

The effect of surgery, irradiation and free tissue
transfer in locally advanced head and neck cancer
patients has been analyzed and it has been shown that
free tissue transfer before or after irradiation is of
bene� t and is associated with few complications (36).
After preoperative radiation therapy, vascularization
of the graft bed decreases continuously as a function
of the total dose and the time after radiation therapy.
These results strongly advocate the use of a primary
reconstruction after a time interval of 4–6 weeks
following preoperative radiation therapy and suggest
the use of a total radiation dose of 40–50 Gy (37). The
expression of transforming growth factor (activated
TGFb1, TGFb2) and latency-associated peptide may
possess prognostic value with regard to wound healing
and � brosis in previously irradiated graft beds (38).

The complex functional and esthetic demands of
head and neck reconstruction make the replacement of
lost tissue (soft tissue and bone) with tissue of similar
characteristics critically important. Every effort should
be made to optimize the functional and cosmetic
outcomes of neurovascular muscle transfers, especially
after ablative tumor resection of the middle third of the
face (39).

Long-term follow-up is indicated in patients under-
going reconstruction using cutaneous or musculocuta-
neous � aps (18). From the above description, it is quite
apparent that one of the major advances in head and

neck surgery during the past few decades has been the
availability of free tissue transfer with microvascular
anastomosis. There has been considerable interest from
otolaryngologists , head and neck surgeons and plastic
and microvascular surgeons. There appear to be an
increasing number of surgeons actively involved in
microvascular reconstruction and, essentially, the tech-
nique of microvascular surgery has been perfected over
the past few years. It results in excellent postoperative
cosmetic and functional results and the success of
microvascular anastomosis is \95%. We still face the
challenges of donor site morbidity and functional
problems relating to inert soft tissue. Flap neurotiza-
tion has been used (especially in reconstruction of the
tongue), but the results are dif� cult to interpret at this
time. Multiple � aps during the same procedure have
also been used, e.g. reconstruction of the mandible by
� bula free � ap and reconstruction of the soft tissues at
the same time with radial forearm � ap. This clearly
requires the availability of more than one surgeon and
the surgical procedure will take a long time. One of the
major attributes of microvascular � ap and � bula free
� ap reconstruction is the feasibility of performing
osseointegration. This is a major advance in terms of
the cosmetic and functional results after microvascular
surgery. It appears that microvascular surgery and free
� ap tissue transfer have met the challenges of head and
neck ablative surgery. However, much needs to be done
in the future in relation to the correct � ap choice and
better functional recovery.
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