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ABSTRACT

Purpose: The development of microvascular free
tissue transfer has revolutionized the current approaches
for mandible reconstruction. It allowed one stage recon-
struction of complex bony and soft tissue defects with
high reliability. This study presents our experience using
vascularized free fibular graft for reconstruction of different
anatomical mandibular defects following tumor ablation.

Methods: This study involves a total of 16 patients
who were treated over 3-year period at the National Cancer
Institute, Cairo University. All patients underwent man-
dibular resection and immediate reconstruction using free
fibula osteocutaneous flap. Mandibular resections were
performed due to either primary mandibular tumors, or
tumors directly invading the mandible from adjacent areas.
The extent of mandibular involvement by tumor was
preoperatively assessed by X-ray panoramic view and CT
scan. Mandibular defects were classified according to
HCL system where H defects are lateral defect of any
length including the condyle, L defects are the same
without condyle and C defects represent the central segment
between the mental foramina. The success rate, recipient
vessels used, complications and functional as well as
cosmetic outcome will be discussed.

Results: Of sixteen patients, ten were males and 6
were females. The age ranged from 4 to 68 years. Five
patients had preoperative chemotherapy; two had radiation
therapy, while six patients received postoperative radiation
therapy. All patients had preoperative histological diagno-
sis; squamous cell carcinoma was the most common
histology. Mandibular defects consisted of central segment
(3 C), lateral defect (9 L) and 4 patients with H defects.
The skin island was used to provide inner mucosal lining
in 11 patients and as external monitor in 5 patients. The
free flap was successful in 13 patients. There were 3
complete free flap necrosis; all were due to venous throm-
boses. Salvage surgery was attempted in all failing flaps,
however, it was unsuccessful. The most commonly recip-
ient vessels were the facial vessels and external jugular
vein. There were 3 cases of orocutaneous fistulae that
closed spontaneously. Donor site was closed primarily
except in two patients where split thickness skin graft was
used. The average length of the free fibula was 14 cm,
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while the average dimension of the skin island was 8.5 X
2.5 cm. Osteotomy sites healed primarily in 12 patients,
while non-union occurred in a 4-year old child who re-
ceived postoperative chemotherapy. The least follow up
was 8 months; two patients developed local tumor recur-
rences and underwent salvage surgery with excision of
the flap.

Conclusion: Free fibula osteocutaneous flap is a
versatile and reliable method of reconstruction of central,
lateral and postero-lateral bony as well as composite
mandibular defects. However, it is a technically demanding
surgery with high learning curve.

Key Words: Free fibula - Mandible reconstruction -
Osteocutaneous flap.

INTRODUCTION

Mandibular reconstruction has been always
a challenge in head and neck reconstruction.
Restoring the mandibular continuity in patients
with mandible defects after tumor ablative sur-
gery, not only is important from a functional
standpoint, but also for aesthetic and psycho-
logical reasons. The mandible is involved in
the basic human functions of food intake, res-
piration and speech. It constitutes an essential
part of the skeletal framework of the face and
it is a major part of a person’s appearance.
Therefore, even a slight shift in mandibular
position often causes morbidity and psycholog-
ical stress.

Loss of mandibular continuity causes the
remaining mandibular segments to become
unstable. The un-opposed muscle pull results
in collapse towards the resected side. These
changes limit occlusion and mastication and
lead to facial deformity. Symphyseal resection
leads to posterior and inferior collapse of the



chin, the so-called Andy Gump deformity [1].
Lateral defect causes deviation of the mentum
from the midline. Additional soft tissue loss of
oral lining contributes to collapse deformity,
limitation of tongue mobility and interference
with speech.

Many surgical procedures have been advo-
cated for mandibular reconstruction. These
involve free bone grafts, prosthetic devices,
pedicled flaps and vascularized bone grafts.
The development of microvascular surgery into
a highly reliable technique for transferring
tissues has revolutionized the current approaches
for mandible reconstruction. Vascularized bone
graft resists infection and extrusion and heals
to the surrounding bone in a fashion similar to
the healing of fractures [2]. A wide array of
vascularized bone grafts have been described
for mandibular reconstruction including the
radial forearm osteocutaneous flap [3], scapular
osteocutaneous flap [4], iliac crest flap [5],
vascularized rib [6] and the fibula osteocutaneous
flaps [7]. However, the latter is becoming the
most popular method for such reconstruction.

We present our experience using vascular-
ized free fibular graft for mandibular reconstruc-
tion in cancer patients. Indications, advantages,
technique of flap harvest, morbidity and func-
tional as well as cosmetic outcome will be
discussed.

PATIENTS AND METHODS

Over 37 months from 1998 to 2003, at the
National Cancer Institute, Cairo, a total of 16
patients underwent immediate mandibular re-
construction using vascularized osteocutaneous
free fibular graft. Mandibular resections were
performed either due to primary mandibular
tumor or a directly invading tumor from adjacent
organs.

The extent of mandibular involvement by
tumor was preoperatively assessed by X ray
panoramic view and CT scan. A two-team ap-
proach was applied for most patients where free
flap harvest was performed during tumor resec-
tion.

Mandibular defects were classified according
to HCL system proposed by Boyed et al. [8] in
1993.

- H defects are lateral defects of any length
including the condyle but not crossing the
midline.

- L defects are the same without condyle.
- C defects consist of the entire central segment

between mental foramina.
- The letter s (skin), m (mucosa) and sm (skin

plus mucosa) denoted epithelial requirements.

Rigid fixation of the bone graft was done
with miniplates or AO reconstruction plates.

Monitoring of flap viability was based on
direct clinical observation of the skin island.
The skin paddle was observed for its color,
capillary refill, tissue turgor and bleeding on
needle pricking. Three-phase bone scintigraphy
was performed during the first postoperative
week to assess the viability of underlying bone
graft in equivocal cases. Sequential panoramic
views of the mandible were performed starting
2 months postoperatively to asses healing of
osteotomy sites and the graft-mandible junction
by demonstrating bridging bony trabeculae or
callus formation.

Anatomy: The leg is classically divided into
three compartments, anterior, lateral and poste-
rior. Each compartment has its own artery and
nerve. The popliteal artery divides into the
anterior and posterior tibial arteries, usually
proximal to the knee joint. Inferior to the knee,
the posterior tibial artery gives off the peroneal
artery, the principal artery supplying the fibula.
The bone has both segmental periosteal as well
as endosteal blood supply via a nutrient artery
which penetrates the cortex just proximal to the
midpoint of the fibular shaft [5]. The diameter
of the peroneal artery ranges from 2-4 mm and
is accompanied by larger, paired venae comi-
tantes [9]. Several periosteal branches arise from
the peroneal artery before medullary nutrient
artery penetrates the fibular cortex. The peroneal
artery then continues distally along the poster-
omedial aspect of the fibula supplying further
periosteal branches. A large skin paddle, 22-25
cm in length and 10-14 cm in width, in the
lateral aspect of the leg can be raised with the
fibula based on septocutaneous perforators [10].

Flap Harvest: Fibula dissection is done
under tourniquet control. A large skin paddle
extending beyond the junction of the middle
and distal third of the leg is designed with the
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long axis of the skin island centered over the
posterior border of the fibula. Posterior skin
paddle is incised first starting superiorly. The
skin is raised with the underlying fascia towards
the posterior crural septum. Location of septo-
cutaneous perforators is noted. The anterior
skin incision is then made and reflected with
the fascia towards the posterior septum, the
superficial peroneal nerve must be preserved.
The skin paddle is now attached to the fibula
only by the posterior septum. The peroneal
muscles are elevated close to the fibula and
reflected anteriorly. The thin anterior crural
septum is incised to allow dissection in the
anterior compartment. Sites of osteotomies are
determined leaving at least 5 cm of the fibula
distally; periosteum at osteotomy sites is incised
and dissected circumferentially in the subperi-
osteal plane. Osteotomies are performed using
a Gigli saw. Further dissection is facilitated by
traction and rotation of the fibula with bone
clamps. Extensor muscles are dissected off the
fibula and the anterior tibial neurovascular
bundles are preserved. The inter-osseous mem-
brane is then incised and dissection is continued
in the posterior compartment close to the bone.
The vascular anatomical distinction between
the posterior tibial and peroneal vessels is ap-
preciated. Only the peroneal vessels and a cuff
of flexor halluces longus muscle are preserved
in the harvested fibula. The fibula is now only
attached to the leg by the peroneal pedicle. The
pedicle is dissected up to the bifurcation to gain
additional length. The tourniquet is deflated to
check perfusion of the flap before division of
the pedicle.

Graft contouring: On a separate table, the
surgical specimen and reconstruction plates are
used to guide contouring of the new mandible
(Fig. 2C). Locations of the osteotomy sites are
determined in the interval between septal per-
forators. Periosteal incisions, subperioteal dis-
section for exposure of osteotomy sites are
started on the surface of the fibula opposite
from the peroneal vessels and kept to a minimum
in order to preserve periosteal vascular supply.
Osteotomies are performed using oscillating
saw, the contoured mandible is next inserted
into the defect and attached to the remaining
mandibular segments by rigid fixation with
miniplates or AO reconstruction plates.

RESULTS

The study involved a total of 16 patients,
ten were males and 6 were females (Table 1).
The age ranged from 4 to 68 years. Five patients
had preoperative chemotherapy; two had radia-
tion therapy, while six patients received post-
operative radiation therapy and four patients
received chemotherapy. All patients had preop-
erative histological diagnosis; squamous cell
carcinoma was the most common histology
(Table 2). Mandibular defects consisted of cen-
tral segment (3 C), lateral defect (9 L) and there
were 4 patients with H defects. The skin island
was used to provide mucosal lining in 11 pa-
tients, and as an external monitor in 5 patients.
The free flap was successful in 13 patients.
There were 3 complete free flap necrosis; all
were due to venous thrombosis. Salvage surgery
was attempted in all failing flaps, in two of
them there was internal jugular vein thrombosis.
Although reversed cephalic vein was used to
re-establish venous drainage in these two cases,
and revision of the venous anastomosis was
done in the third case, these flaps eventually
failed. The most commonly recipient vessels
were the facial vessels and external jugular
vein. Anastomoses were performed using end
to end technique with 8/0 nylon. There were 3
cases of orocutaneous fistulae that closed spon-
taneously. Donor site was closed primarily
except in two patients where split thickness
skin graft were used. The average operative
time was 9.5 hours (range 6-13); the average
amount of blood loss was 1000 cc (range 700-
1500). The intensive care unit duration averaged
3 days and hospitalization 14 days. The average
length of the free fibula was 11 cm, while the
average dimension of the skin island was
6.5X2.5 cm. Osteotomy sites healed primarily
in 12 patients, either between the fragments of
the bone graft or at the graft mandible junction.
Non-union occurred in a 4-year old child who
received postoperative chemotherapy. The least
follow up was 8 months, two patients developed
local tumor recurrences, who then underwent
salvage surgery with excision of the flap.

All patients resumed normal diet within two
months. Speech was normal in 10 patients and
intelligible in the rest. Temporarily tracheostomy
was the routine in all cases except pediatric
patients. Most of our patients were able to walk
normally except one patient who had limping
that improved with time.
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Fig. (1): A, hemimandibulectomy specimen, B, design of free fibula, skin island (arrow). C, flap in place fixed with
miniplate. D, early postoperative showing external monitor. E, 18 months postoperative. F, panoramic view of
the new mandible.
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Fig. (2): A, hemimandibulectomy specimen + partial
glossectomy. B, design of free fibula, skin island.
C, graft contouring using a template. D, early
postoperative lateral view. E, skin island used
for inner lining. F, plain X ray 2 months postop-
erative.



DISCUSSION

The goal of primary mandibular reconstruc-
tion in cancer patients is early rehabilitation
that involves re-establishing mastication, intel-
ligible speech, mandibular continuity and facial
contour. The overall objective of this approach
is to obtain wide surgical margins for oncologic
clearance and rapid re-integration of the patients
to the society through the rehabilitation of form
and function.

Non vascularized bone grafts from various
donor sites including the iliac crest, rib and
calvarial bones have been used for mandibular
reconstruction, either alone or in conjunction
with pedicled soft tissue flaps. It is worth to
mention that the graft healing is significantly
dependent on the quality of the vascularity of
the recipient bed. The majority of patients re-
quiring mandibular reconstruction present with
unfavorable recipient bed either at the time of
resection with contamination from the oral
cavity or subsequently because of adjuvant
radiation therapy. All these factors contribute
significantly to failure of conventional bone
grafts [11,12]. The complication rate of the con-
ventional bone grafts (due to infection, extrusion
and resorption) approaches 80% in irradiated
wounds [13]. However it should be considered
for short (less than 5 cm), lateral segment bony
defects that are not previously irradiated and
in patients who would not tolerate long recon-
structive technique [14]. Pedicled composite
flaps such as pectoralis major, sternomastoid,
and trapezius osteomyocutaneous flaps were
used for mandibular reconstruction. However,
these pedicled flaps have the disadvantages that
the bone segment receives its blood supply
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Table (1): Patients characteristics.

No. Sex Age Diagnosis Defect Adjuvant therapy Complications Follow up

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

M

M

M

M

M

M

F

M

F

M

F

F

M

F

M

F

40

4

30

64

32

60

58

64

18

68

6

52

40

22

34

14

Osteosarcoma

Rhabdomyosarcoma

Fibrosarcoma

SCC buccal mucosa

Osteosarcoma

SCC alveolar margin

SCC FOM

SCC FOM

Amelobastoma

SCC alveolar margin

Ewing’s sarcoma

SCC alveolar margin

SCC alveolar margin

Ossifying fibroma

Ameloblastoma

Ewing’s sarcoma

H

L

Hm

Lm

LC

Lm

Lm+tongue

Cm

L

Cm

LC

Lm

Cm

L

H

HC

Cth + XRT

Cth

–

XRT

Cth

XRT

XRT

–

–

XRT

Cth

–

XRT

–

–

Cth + XRT

Flap loss

–

–

Flap loss

–

–

Fistula

Fistula

–

Fistula

–

Fistula

–

–

Flap loss

–

NED

Recurrence

NED

NED

NED

NED

Recurrence

NED

NED

NED

NED

NED

NED

NED

NED

NED

Cth: Chemotherapy, XRT: Radiation therapy, H: Lateral defect including the condyle, L: Lateral defect without condyle,
C: Central defect, m: Mucosa, SCC: Squamous cell carcinoma, FOM: Floor of the mouth, NED: No evidence of disease.

Table (2): Histological diagnosis.

Pathology No.

SCC

Osteosarcoma

Ameloblastoma

Ewing’s sarcoma

Fibrosarcoma

Rhabdomyosarcoma

Ossifying fibroma

Total

7

2

2

2

1

1

1

16

SCC: Squamous cell carcinoma.



indirectly by periosteal perforators that arise
from small terminal muscle branches; therefore,
osteotomies can jeopardize the blood supply.
Also, there is a limitation in the flap reach and
orientation due to pedicle location and the bone
does not have the sufficient strength necessary
for mandible reconstruction. These factors limit
the use of pedicled grafts to short, straight
segment and preferably patients' not undergoing
radiation therapy.

Advances in microvascular surgery have
allowed the transfer of well-vascularized autol-
ogous tissues from distant donor sites to achieve
safe, rapid and predictable mandibular recon-
struction. The advantages of vascularized bone
in primary mandibular reconstruction include
its resistance to infection, resorbtion and extru-
sion and its rapid incorporation into the remain-
ing mandible. Various donor sites have been
described as potential sources of vascularized
bone for mandibular reconstruction including
fibula [7], iliac crest [5], rib [6] and scapula [4]
flaps.

Since first described by Taylor [5] and col-
leagues in 1975, the vascularized fibular bone
graft has been extensively used for reconstruc-
tion of long bone defects of the extremities.
Chen and Yan [15] described the osteocutaneous
fibular flap incorporating an overlying paddle
of skin for composite reconstruction of extremity
bone and soft tissue defects. The first report
using a fibular osteocutaneos flap for recon-
struction of the mandible was by Hidalgo [7] in
1989. Recent study comparing the dimensional
as well as the biomechanical properties of the
bone grafts commonly used for mandibular
reconstruction showed that the fibula is the
bone that best matches the properties of the
mandible [16].

In our series, half of the patients had primary
bone tumors that resulted in lateral and posterior
mandibular defects and insignificant soft tissue
loss. All patients with central defects had pri-
mary tumors of the oral cavity necessitating
resection of anterior floor of mouth. It is our
preference to preserve the condyle as long as
it is oncologically safe; this goal was success-
fully achieved in tumors invading the mandible
from adjacent organs. However, it was hard to
achieve in three patients with primary bone
tumor due to intramedullary tumor extension.
In case of condyle resection, we have used

stainless steel wire to fix the bone graft to the
tempromandibular joint to create a false joint.
All flaps were harvested as osteocutaneous ones,
the skin island was used to provide inner mu-
cosal lining and restore the floor of mouth
continuity in patients with associated oral soft
tissue loss (Fig. 2D). In patients with isolated
bone defects we have used the skin island as
an external monitor to assess the viability of
the buried bone graft (Fig. 1D).

In order to replace the resected mandible
with the exact size of the bone graft required
for reconstruction, it is our trend to obtain a
template by applying the reconstruction plate
to the external surface of the mandible and then
fix it with few screws away from the proposed
bone cuts before completing the mandibular
resection. The reconstruction plate is then re-
moved with markings of the already used holes
and mandibular resection is completed. This
technique has assured proper occlusion and
prevented mandibular deviation after inserting
the graft. Although this technique works well
with primary oral cavity cancer, sometimes the
external surface of expanding tumor particularly
in primary bone tumors deforms the mandible.
In these situations application of the reconstruc-
tion plate was done after completing tumor
resection and achieving proper occlusion with
intermaxillary fixation of the upper and lower
jaws. Although, we have used both miniplates
and reconstruction hard plates for fixation, we
believe that the hard plate is better. It provided
excellent template for graft shaping, it was
strong to maintain mandibular fragments in
rigid fixation and achieved early rehabilitation
of the patients.

In our study, the functional results were
assessed as regards deglutition, oral competence,
and speech. Regarding deglutition, 56% of our
patients resumed normal diet and 44% patients
tolerated only soft diet. None of our patients
was feeding tube dependent. Hidalgo and Rekow
[17] reported 51% normal diet, 42% soft diet
and 7% feeding tube dependent. Rivas et al.
[18] reported 78% normal diet and 22% soft
diet. The causes of diet limitations in our patients
were malocclusion, restricted tongue mobility
and insufficient dentition. Chana et al. [19]
recommended simultaneous placement of osteo-
integrated implants for ideal function, however,
none of our patients had osteo-integrated im-
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plants, but two patients had dental rehabilitation
in the form of temporarily denture.

Speech was documented as normal in 46%
of patients included in this study, easily intelli-
gible in 23% and was intelligible with effort in
31% of the patients. Rivas et al. [18] reported
86% normal speech and 14% intelligible with
effort. Cordiero et al. [20] reported 36% normal
speech, 17% easily intelligible and 28% intelli-
gible with effort. We found that speech was
markedly affected in patients who had resection
of the central segment of the mandible or who
had associated tongue resection. In so far as the
aesthetic outcome is concerned, it was judged
to be excellent in 77% and acceptable in 23%
of our patients. Our aesthetic results compares
favorably with others where Cordeiro et al. [20]
reported 58% excellent, 27% acceptable and
14% poor results, while Rivas et al. [18] reported
83% excellent and 17% acceptable results. Our
suboptimal aesthetic outcome due to soft tissue
rather than bony factor this might be overcame
by utilizing double flap reconstruction for major
composite defects [21].

Our success rate was 81%; this falls short
of reported success rate in the literature. Kroll
et al. [22] reported 90% success rate in study
that included 93 patients. Hidalgo and Rekow
[17] salvaged 3 of 4 failing flaps to improve
what would have otherwise been 93% success
rate to 98%. We had 3 free flap failures due to
venous thrombosis, salvage surgery was attempt-
ed in all failing flaps and unfortunately we were
not able to salvage any. We assume that more
frequent clinical observation of the flap, Doppler
examination of the pedicle by a trained staff
would improve our chances of early detection
of free flap compromise and eventually would
improve our results.

Orocutaneous fistula represented the most
common postoperative complications in our
series (23%); we recommend meticulous water-
tight closure of the oral mucosa without tension
and paying utmost attention to strict sterilization
during these lengthy procedures.

In conclusion, we believe that vascularized
fibula osteocutaneous flap is a versatile and
reliable method of reconstruction of lateral as
well as antero-lateral mandibular defects. How-
ever, it is a technically demanding surgery with
high learning curve.
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