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The mandible is an important structure that is located in the lower third of the
face. Large mandibular defects after tumor resection cause loss of its function. This study as-
sessed the outcomes and tumor recurrence after immediate mandibular reconstruction using
a free fibula osteocutaneous flap following radical resection of ameloblastoma.

This is a retrospective non-randomized study of outcomes and tumor recurrence of
all patients diagnosed with mandibular ameloblastoma from August 1997 until August 2017
(20 years) requiring free fibula osteocutaneous flap reconstruction at a single institution. The
patients were identified through an electronic operative database; subsequently, their medi-
cal records and photo documentation were retrieved.

Twenty-seven patients were included in this study. Eighteen patients were male,
while nine were female. The majority of the patients (48.1%) were in their third decade of life
when they were diagnosed with ameloblastoma. All of them underwent radical resection of
the tumor with a surgical margin of 2 cm (hemimandibulectomy in cases with a large tumor)
and immediate mandibular reconstruction with a free fibula osteocutaneous flap. Two pa-
tients required revision of a vascular anastomosis due to venous thrombosis postoperatively,
while one patient developed a flap recipient site infection. The flap success rate was 100%.
There was no tumor recurrence during a mean follow-up period of 5.6 years.

Mandibular ameloblastoma should be treated with segmental mandibulectomy
(with a surgical margin of 2 cm) to reduce the risk of recurrence. Subsequent mandibular and
adjacent soft tissue defects should be reconstructed immediately with a free fibula osteocu-
taneous flap.
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INTRODUCTION

Ameloblastoma is a rare, slowly growing, locally invasive odon-
togenic tumor of epithelial origin that involves the mandible in
80% of cases and occurs mostly in individuals aged 30-60 years
old. Although many conservative surgical treatments, such as
enucleation, cauterization, and curettage have been suggested,
owing to the high risk of recurrence, radical surgical treatment
with a wide margin remains the choice of treatment for many
surgeons [1,2].

The mandible is an important structure that is located in the
lower third of the face. It provides a platform to house the denti-
tion for mastication, facilitates speech and swallowing, and
maintains adequate space in the oral cavity for the tongue to
function normally [3].

Large defects in the mandible due to radical tumor resection
could cause impairment of all these functions, as well as social
isolation due to an asymmetrical or abnormal projection of the
lower third of the face. Therefore, mandibular reconstruction is
vital to restore all these functions and to provide satisfactory
aesthetic outcomes for individuals to reintegrate into society
[4]. The free fibula osteocutaneous flap fulfills these require-
ments by providing high cortical bone content, which favors
long-term dental rehabilitation, as well as adequate soft tissue
coverage for both extra- and intra-oral defects.

A systematic review of mandibular reconstruction with vascu-
larized bone flaps over 25 years by Brown et al. [S] revealed that,
although many authors have published their results of mandibu-
lar reconstruction, the outcomes reported lack consistency that
would enable a reliable comparison between different studies.
In an effort to solve these issues, Brown et al. [S] suggested that
future publications should be standardized to include patients’
dental status, classification, length of defects, method of recon-
struction, number of osteotomies, early and late complications,
and the final outcomes of reconstruction.

This single-center study was conducted to report our experi-
ences and outcomes of radical surgical treatment of ameloblas-
toma, followed by immediate mandibular reconstruction using
a free fibula osteocutaneous flap, in an Asian population. Com-
pared to other studies, our patients had different clinical circum-
stances, such as a tendency for late presentation with huge tu-
mors due to neglect and a tendency to seek traditional treatment
first. In an attempt to enable a reliable comparison of our out-
comes with other studies, we have done our best to report our
results according to the requirements suggested by Brown et al.

[S].
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METHODS

Patients

This is a retrospective, non-randomized study of outcomes and
recurrence in all patients diagnosed with mandibular ameloblas-
toma from August 1997 to August 2017 who underwent amelo-
blastoma resection followed by immediate free fibula osteocuta-
neous flap reconstruction at our institution. The patients were
identified through an electronic operative database; subse-
quently, their medical records and photo documentation were
retrieved. Photographic consent and release permission were
also obtained from patients. Patients with medical records that
were no longer available were excluded from this study. This
study was exempted by our Institutional Review Board (IRB)
from ethical review (USM/JEPeM/18100480).

Surgical techniques

Mandibular resection was performed in several ways; when pos-
sible, segmental mandibulectomy with a surgical margin of 2 cm
from the radiographic border of the tumor was performed,
while in large tumors located around the ramus, hemimandibu-
lectomy was performed. Immediate mandibular reconstruction
with a free fibula osteocutaneous flap was performed following
resection (Fig. 1). The maximum possible length of fibula bone

Fig. 1. A case of mandibular ameloblastoma
. __________________________________________________|
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Fig. 2. Intraoperative and postoperative photographs

The patient underwent immediate mandibu-
lar reconstruction using free fibula osteocu-
taneous flap after ameloblastoma resection.
(A, B) A free fibula osteocutaneous flap. (C)
The harvested fibula flap was osteotomized
into several segments to fit the contour of
the titanium plate. (D) Flap inset. (E) One year
after surgery.

was harvested, leaving 5-7 cm of bone distally and proximally

and preserving at least one perforator to the skin. The bone was
osteotomized into two or three segments, which would be at-
tached to a premolded mandibular reconstruction plate (Os-
teoMed, Dallas, TX, USA) with screws after dividing the donor
artery and vein. The plate was placed at the lower border of the
mandible to provide external definition of the jaw. A skin paddle
was used to cover any adjacent extra- or intra-oral defect. If the
adjacent defect was so small that a skin paddle was not required
for coverage, the skin paddle was used as a platform for flap
monitoring. In later cases, three-dimensional modeling was
used to mold the plate. The harvested fibula was osteotomized
into several segments to fit the contour of the titanium plate.
The fibula flap was then secured with screws onto the titanium
plate and inset onto the recipient site (Fig. 2). The peroneal ves-
sels were anastomosed with adjacent vessels at the recipient site.
No interposition vein grafts were required in this series. A skin
paddle was used to cover intra- or extra-oral defects if needed.

The flap donor site was then assessed for primary closure. If
primary closure would result in significant tension to the
wound, the donor site wound was dressed with a modern dress-
ing material. Delayed primary closure or split-thickness skin
grafting was done 2 weeks later when soft tissue swelling had
subsided and wound contraction had occurred.
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RESULTS

A total of 27 patients were included in this study, of whom 18
(66.7%) were men and nine (33.3%) were women.

The majority of the patients were in their third decade of life
when they were diagnosed with ameloblastoma (n=13,48.1%).
Three patients (11.1%) were in their second decade of life, five
patients (18.5%) were in their fourth decade oflife, four patients
(14.8%) were in their fifth decade of life, and two other patients
(7.4%) were in their sixth decade of life. Their mean age was
29.7 years.

In this series, ameloblastoma was mostly located in the lateral as-
pect (body or ramus) of the mandible, rather than the anterior as-
pect, and presented with an almost equal distribution between the
left and right sides of the mandible (Table 1) [6]. The average di-
mensions of the tumors at presentation were 6.4 cm (length) x
4.9 cm (width) (length, 3.3-10.2 cm; width, 1.0-9.1 cm).

Patients’ total fibula length ranged from 32 to 42 cm. The har-
vested mean fibula length was 22.6 cm, of which only 13.1 cm
was used for reconstruction (Table 2).

The artery of the flap was anastomosed end-to-end to the re-
cipient site artery in 26 cases (96.3%), while end-to-side anasto-
mosis was done in one case (3.7%). The recipient arteries were
the superior thyroid artery (n=3, 11.1%), facial artery (n=9,
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Parameter No. (%)
Age group (yr)
10-19 3(11.1)
20-29 13 (48.1)
30-39 5(18.5)
40-49 4(14.8)
50-59 2(7.4)
Sex
Male 18 (66.7)
Female 9(33.3)
Tumor location
Anterior 3(11.1)
Left 13 (48.1)
Right 11 (40.8)
Presenting symptoms
Mandibular swelling 18 (66.7)
Pain/discomfort 7(25.9)
Infection 2(7.4)
Mandibular defect?
Hemimandibulectomy (H) 3(11.1)
Central (C) 3(11.1)
Lateral defect-sparing condyle (L) 21 (77.8)
Pathologic pattern
Solid/multicystic 24 (88.9)
Unicystic 3(11.1)
Recurrence 0
Flap survival 27 (100)
Flap donor site closure
Primary closure 10 (37)
Split-thickness skin grafting 17 (63)

Classification of mandibular defects according to Jewer et al. [6].

33.3%), lingual artery (n =1, 3.7%), and superficial temporal ar-
tery (n=1, 3.7%); however, in 13 cases (48.1%), the recipient
artery was not stated. Veins were anastomosed end-to-end in 25
cases (92.6%), while end-to-side anastomosis were done in the
two other cases (7.4%). The recipient veins were the internal
jugular vein (n=1, 3.7%), external jugular vein (n=6, 22.2%),
retromandibular vein (n=2, 7.4%), anterior jugular vein (n=1,
3.7%), and facial vein (n=4, 14.8%). In 13 cases (48.1%), the
recipient vein was not stated. The mean flap pedicle length was
3.2 cm. The extended pedicle length was 6.3 cm. The mean flap
ischemic time was 169.0 minutes.

In this series, the flap success rate was 100%. However, postop-
eratively, two patients (7.4%) required flap re-exploration due
to venous thrombosis (Table 3). The mean postsurgical follow-

up period was 5.6 years, with no tumor recurrence.

Ameloblastoma is a rare, benign, slowly growing, and locally in-
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Characteristics Mean Range
Total fibula length 36.1 32.0-42.0
Harvested fibula length 22.6 19.0-27.5
Used fibula length 1341 6.5-22.0
Skin paddle length 16.0 12.0-21.0
Skin paddle width 5.4 3.0-8.0

All unit of data is centimeter.

Complications No. (%)
Venous congestion 2(7.4)
Recipient site hematoma 13.7)
Recipient site infection 23.7)
Flap donor site infection 2 (7.4)
Flap donor site hematoma (after primary closure) 1@3.7)
Big toe drop 3(11.1)

vasive odontogenic neoplasm, first described by Cusack in
1827, that frequently involves the mandible (80%) [2]. In most
cases, symptoms of the disease in its early stage are subtle, and
sometimes it may only be discovered as an incidental finding
during a routine radiographic examination until the neoplasm
has grown into a considerable size. If left untreated, it can cause
swelling of the lower jaw and displacement of teeth, causing dif-
ficulty in chewing food and even airway compromise [2,7]. In
later stages, patients may present with tumor necrosis and infec-
tion. In this series, patients generally presented with swelling
and bony deformity of the mandible associated with pain
caused by the expanding neoplasm. Due to logistical issues and
the tendency to seek traditional treatment first, patients came to
seek medical advice only when the neoplasm had grown to a
considerable size, with difficulty in mastication and speech.

The mean age of patients in this study was 29.7 years, which is
younger than the ages of 39.9 years in Caucasians and 41.2 years
in Asians reported by Reichart et al. [8]. Another recent study
by Ruslin et al. [9] in Indonesia showed a mean age of 39.7
years. Although ameloblastoma can develop due to non-specific
trauma to the tooth and periodontal structures, nutritional defi-
ciencies, and viral infections, the exact etiology remains un-
known. The relatively small sample size of this study may have
contributed to the discrepancy between the results of this study
and those of other studies [8-10].

Ameloblastomas can be divided into four subtypes: solid/
multicystic (91%), unicystic (6%), extra-osseous (2%), and
desmoplastic (1%). The solid/multicystic type is considered to
be the most aggressive type due to its high rate of recurrence if
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improperly treated. In this series, 24 patients had the solid/mul-
ticystic type, while three patients had unicystic ameloblastoma.

Conservative treatments of ameloblastoma include enucle-
ation and cauterization of the tumor, curettage, cryotherapy, and
marsupialization, all of which preserve more tissue and mini-
mize facial deformities compared to a radical approach. Howev-
er, these strategies are prone to a recurrence rate as high as 90%.
Another histopathologic study showed tumor extension 2-8
mm beyond its radiographic margins. Therefore, many authors
have suggested a surgical margin of 1-2 cm to reduce the risk of
local recurrence [1,2,7,8,11-14]. We employed a more radical
approach by performing an en bloc resection with a bone margin
of 2 cm to diminish the chances of recurrence. In cases with
large tumors, hemimandibulectomy was performed.

Ameloblastoma is a lifelong disease, with tumor recurrence
frequently occurring within S years of the initial diagnosis. Late
recurrence occurred in 23% of patients [ 14]. During our average
postoperative follow-up of 5.6 years, no cases of tumor recur-
rence were observed.

Due to our radical approach, immediate mandibular recon-
struction is vital to restore the continuity and integrity of the
mandible to its preoperative state and to ensure healing of the
operative site. This includes restoring the platform for the at-
tachment of muscles involved in mastication, establishing a sta-
ble base for later dental prostheses, and providing a normal pro-
file of the lower third of the face [3,15].

The use of vascularized and non-vascularized bone has been
reported by many authors in attempts to bridge mandibular de-
fects. We favor the use of vascularized bone in the free fibula os-
teocutaneous flap due to its many advantages over other sources
of vascularized bone. It provides the greatest length of reliable
cortical bone that resists pressure and torsion, and is adequate
to support osseointegrated implants [16-18]. We were able to
harvest an average of 22.6 cm of fibula bone for reconstruction.
The reliable, thin, and pliable skin paddle based on a septocuta-
neous blood supply enables the reconstruction of adjacent skin
and mucosal defects. Conveniently sized blood vessels ease the
process of performing anastomoses. The position of the donor
site also allows a two-team approach during surgery, which sig-
nificantly decreases the operating time. Blood loss during flap
harvest is minimal [4,19].

Its excellent periosteal supply allows osteotomy to be done at
various locations throughout the bone to facilitate contouring
and bridging of the mandibular defect. Solid union and healing
were observed as early as 4-6 weeks after transfer due to its
good perfusion [4,19]. These properties are important in oro-
mandibular reconstruction, as complications can have lethal

consequences. An unreliable skin paddle can result in a breach
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of the oral cavity, causing oral secretions to leak into the neck
compartment, causing infection and possible carotid blowout
[18]. Our technique produced a reliable skin paddle, as con-
firmed by the absence of cases of skin paddle loss in this study.

The vascularized fibula flap also contains more viable osteo-
cytes, has less resorption, and is able to maintain the bone mass
for later dental prostheses and rehabilitation [20,21]. Two of
our patients received a dental prosthesis 1 year after surgery.
The rest of the patients preferred simple dentures due to finan-
cial constraints.

Other sources of bone flaps include the scapular osteocutane-
ous flap, the radial forearm osteofasciocutaneous flap, and the
deep circumflex iliac artery (DCIA) bone flap. They have a lim-
ited length for large bony defect reconstruction. A two-team ap-
proach is also not possible for the scapular bone flap, which re-
sults in a prolonged operating time that may cause undesirable
perioperative complications. The DCIA bone flap can lead to
severe donor site morbidity, such as pelvic fracture and an ele-
vated risk of hernia and peritonitis. Pain during walking can re-
sult in a slow return to ambulation. Gait impairment can occur
in some cases [16,18,19].

We do not recommend non-vascularized bone grafting in
mandibular defects measuring more than 4 cm due to its higher
rate of resorption and failure [11]. Non-vascularized bone grafts
are also unable to provide coverage for adjacent soft tissue de-
fects. Foster et al. [21] reported the failure rates of non-vascular-
ized bone grafting in mandibular reconstruction to be as high as
50% and the overall complication rate to be near 70%. These
success and complication rates were further influenced by adju-
vant radiotherapy.

Only two of the 27 patients agreed to receive dental implants
due to financial and logistic issues. The rest of the patients ini-
tially relied on dentures, but the dentures were later abandoned
because they did not fit well on the reconstructed mandible and
were prone to being dislodged. The patients decided to use the
healthy side for chewing food. Thus, we were unable to com-
pare the impact of the discrepancy in bone height between the
reconstructed mandible and the healthy side on occlusal func-
tion. This lacuna warrants further studies with a larger sample
size to look into these issues.

In conclusion, mandibular ameloblastoma should be treated
with segmental mandibulectomy with a surgical margin of 2 cm
from its radiographic margin to reduce the risk of recurrence.
Mandibular defects larger than 4 cm should be immediately re-
constructed with a free fibula osteocutaneous flap to restore
mandibular function and to cover any adjacent soft tissue defect.
Postsurgical follow-up should be done at least annually, as there

is a lifelong risk of recurrence.
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