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ABSTRACT

Background: There is a lack of published data on the demographics and treatment outcomes of ameloblastomas treated
in Australia. Our objective was to collect this data and compare the findings to other international studies.
Methods: A retrospective study of 42 patients with ameloblastoma was conducted at The Royal Melbourne Hospital,
Australia. Data on the demographic features, management techniques (ablative and reconstructive), and outcomes were
collected and analysed.
Results: The majority of tumours were solid/multicystic (81%) and occurred most commonly in the mandible (80.5%).
Unicystic ameloblastomas affected a younger age group, with Type 3 being the most common subtype. Overall, the
recurrence rate for solid/multicystic ameloblastomas was 14.7%; however, radical surgery was found to have a signifi-
cantly lower recurrence rate when compared to conservative management (p = 0.015), with a mean of 51 months
follow-up. Results indicated that vascularized free-flaps had fewer postoperative complications than non-vascularized
bone grafts; however, the differences did not reach statistical significance.
Conclusions: This is the largest clinicopathological study regarding ameloblastoma management from Australia, and our
results support the current literature in recommending radical surgery for the treatment of solid/multicystic and Type 3
unicystic tumours.
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INTRODUCTION

Ameloblastoma is an odontogenic tumour that arises
within the jaws. Although the majority of ameloblas-
tomas are classified as benign tumours, they are
locally invasive and can cause significant morbidity if
left untreated. The most up-to-date classification by
the World Health Organization (WHO) describes four
types of benign ameloblastoma:1 solid/multicystic
(SMA), unicystic (UA), peripheral (PA) and desmo-
plastic ameloblastoma. The SMA is the most common
subtype of ameloblastoma (approximately 80% of
cases), and has a predilection for the posterior aspect
of the jaws, particularly the body, angle and ramus of
the mandible.2–7

Treatment of the ameloblastoma is surgical, and
can be divided into ‘radical’ and ‘conservative’
options.8–10 Current evidence supports radical surgery
as the mainstay of treatment for all ameloblastomas,
with the exception of Type 1 (luminal) and Type 2

(intraluminal) UA, which has been shown to respond
adequately to more conservative techniques.11

There is geographic variation in the distribution of
this tumour;3,5 however, a review of the literature
reveals only a limited number of articles from the
Australian population. Several case reports and small
case series have recently been published,12,13 with the
last research based study regarding the management
of this tumour published in 1995.7

Given this paucity of data we conducted a comprehen-
sive clinicopathological review of ameloblastoma
recently managed in Melbourne, Australia. In particular,
demographics, tumour subtypes, methods of treatment
(ablative and reconstructive), and outcomes of treatment
were evaluated and compared to the current literature.

MATERIALS AND METHODS

The oral and maxillofacial surgery and pathology
databases from a single institution were searched for
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reported cases of ameloblastoma from 2001–2012.
Forty-nine cases were identified, and their patient files
and original histological slides were reviewed. A spe-
cialist oral pathologist and a senior oral and
maxillofacial surgical registrar examined the slides
using an Olympus® BX51 microscope. The diagnosis
of ameloblastoma was confirmed in each case, and its
tumour subtype was identified using the current
WHO classification system. Where the original slides
contained insufficient information for diagnosis or
subtype classification, the original formalin-fixed
paraffin-embedded tumour blocks were located and
reprocessed for additional histopathological examina-
tion.
Patient files of the confirmed cases were reviewed,

and a database constructed with the following vari-
ables: age, gender, preoperative signs and symptoms
(pain, swelling, sensory disturbance, mobile teeth, dis-
charge or none), history of tobacco or alcohol use,
and method of treatment. Treatment was divided into
radical and conservative methods. Radical treatment
followed a standard protocol, and involved either a
mandibulectomy (marginal or segmental), or maxillec-
tomy (subtotal or total), with a margin of uninvolved
soft tissue and bone that was confirmed on specimen
radiograph and final histopathological examination.
In contrast, conservative treatment consisted of enu-
cleation and/or peripheral ostectomy. Reconstructive
techniques and complications, follow-up time periods
and outcomes were also recorded. Outcomes fell into
two groups: (1) no signs of recurrence; or (2) recur-
rence – tumour recurrence or death due to disease.
Seven cases were excluded due to insufficient patho-

logical and/or clinical information. Of the remaining
42 cases, one ameloblastic carcinoma (AC) was identi-
fied and excluded from the statistical analysis as this
malignancy is an inherently different subtype from its
benign counterparts. The remaining 41 cases under-
went analysis using Minitab® software, and a Fisher’s
Exact test was conducted on the above variables in
relation to patient outcomes. Statistical significance
was determined by p < 0.05.
The Melbourne Health Human Research Ethics

Committee granted ethical approval for the study
(Reference no. 2011.127).

RESULTS

Demographic data

Males (63%) were affected more than females, the
mean age of patients at the time of diagnosis was 43
years. Information regarding smoking history and
alcohol consumption were poorly recorded in patient
files, and thus they were excluded from further
analysis.

The majority of tumours were located in the mandi-
ble (80.5%) compared to the maxilla (19.5%), with
the posterior aspect of the jaws being the most com-
mon subsite affected (85%). Nearly all tumours were
unilateral (95.1%), with the left and right sides of
the jaws affected approximately equally (n = 22 left,
n = 19 right). Only two tumours crossed the midline
to affect the mandible bilaterally.

Tumour subtypes

Forty-one (41) cases of benign ameloblastoma were
identified and 1 case of ameloblastic carcinoma. The
breakdown of the ameloblastoma subtypes can be
seen in Fig. 1. SMA was the most common subtype
(34 cases), followed by the UA (6 cases). A single case
of PA was confirmed; however, there were no estab-
lished cases of desmoplastic ameloblastoma or malig-
nant ameloblastoma.

Signs and symptoms

The majority of patients were found to have signs
and/or symptoms present prior to their diagnosis. The
most common findings were swelling (36.6%), pain
(17.1%) and discharge (7.3%), although 36% of the
tumours were asymptomatic and discovered inciden-
tally on routine dental examination or radiographs.

Methods of treatment

The majority of SMA tumours (85.3%) were treated
with radical treatment (surgical resection), with the
remaining 14.7% treated conservatively. All resective
patients had clear surgical margins except for one
patient who returned to theatre for a further marginal
resection. The reasons for conservative management
were essentially patient driven; they either declined

Fig. 1 Ameloblastoma subtypes.
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surgical resection, or had complex medical issues that
inhibited a radical ablative and reconstructive proce-
dure. Although the numbers of UA were limited
(6 cases), most were treated conservatively (66.7%)
rather than with surgical resection (33.3%).

Outcomes

Patients were followed up for an average of 51
months postoperatively. There was an overall recur-
rence rate for SMA tumours of 14.7%, and with
recurrences occurring after a mean of 8.5 years fol-
lowing initial treatment. Further analysis showed that
only one of the SMA tumours treated with surgical
resection recurred (1/29), and one case died of disease
due to direct intracranial extension (1/29), resulting in
a combined recurrence rate of 6.9%. In contrast,
60% (3/5) of the SMA tumours treated with conserva-
tive management showed evidence of recurrence
(Fig. 2). There was a statistically significant difference
between these two methods of treatment (p = 0.015),
with radical treatment having a significantly lower
rate of poor outcomes (recurrence or death) compared
to conservative management. Of the 6 UA cases, 2
were treated with surgical resection, and 4 with con-
servative management. The only recurrences occurred
in 2 Type 3 UA tumours that were managed conserva-
tively 2 and 5 years previously (33.3% recurrence
rate) (Table 1).

Methods of reconstruction

Most patients who were managed by surgical resec-
tion also underwent a reconstructive procedure
(27/31) either immediately following the ablative sur-
gery (92.6%), or in a delayed procedure (7.4%). Two

maxillary defects were reconstructed with soft tissue
flaps only, and 2 mandibular defects with titanium
reconstructive plates only without an osseous compo-
nent. The remaining 23 cases were reconstructed with
hard tissue – 9 with (non-vascularized) iliac crest bone
grafts and 14 osseous vascularized free-flaps (iliac or
fibula). Unfortunately, 7 patients suffered reconstruc-
tive complications including postoperative infection
and complete failure of the flap (Table 2).

DISCUSSION

This is the largest clinicopathological study of amelo-
blastoma from Australia. It not only contributes to
the international literature on this rare tumour, but

Table 1. Summary of ameloblastoma subtypes,
location, methods of management, outcomes, and
reconstruction

Subtype Number Percent (%)

SMA 34 81.0%
UA 6 14.3%

- Type 1 = 1
- Type 2 = 1
- Type 3 = 4

PA 1 2.4%
AC 1 2.4%
Location
Mandible 33/41 80.5%
Maxilla 8/41 19.5%
Anterior 6/41 15.0%
Posterior 35/41 85.0%
Methods of treatment Outcomes
SMA
- Radical 29/34 85.3%

- Recurrence 1/29 - 3.4%
- Death 1/29 - 3.4%

- Conservative 5/34 14.7%
- Recurrence 3/5 - 60.0%

UA
- Radical 2/6 33.3%

- Type 1: 1/2
- Type 3: 1/2
- Recurrence: Nil

- Conservative 4/6 66.7%
- Type 2: 1/6
- Type 3: 3/6
- Recurrence: 2/3 - 66.7%

Timing of reconstruction
Non-reconstructive cases 14/41 34.1%
Reconstructive cases 27/41 65.9%
- Primary - 25/27 - 92.6%
- Secondary - 2/27 - 7.4%
Type of reconstruction
Plate only 2/27 7.4%
Soft tissue only 2/27 7.4%
Bone grafts 9/27 33.3%
- Complications - 4/9 - 44.4%

- Primary recon 3/4
- Secondary recon 1/4

Osseous free flaps 14/27 51.9%
- Complications - 3/14 - 21.4%

SMA = solid/multicystic ameloblastoma; UA = unicystic ameloblas-
toma; PA = peripheral ameloblastoma; AC = ameloblastic carci-
noma.

Fig. 2 Solid/multicystic ameloblastoma (SMA) treatment methods and
outcomes. Radical treatment resulted in a statistically significant reduced
recurrence rate when compared to conservative treatment (p = 0.015).
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allows comparison of the data with other centres. The
last study on the management of ameloblastomas
from Australia was published in 1995 by Nastri
et al.7 which described a combined total of 13 maxil-
lary ameloblastomas from both Melbourne, Australia
and Bristol, United Kingdom. More recently in 2013
a study in Queensland, Australia evaluated odonto-
genic and non-odontogenic cysts and tumours submit-
ted to a histopathology laboratory.14 Over a
12-month period, 93 odontogenic tumours were col-
lected, with ameloblastoma being the second most
common tumour in this population (11 cases) after
the keratocystic odontogenic tumour (69 cases).
In our group of patients, the mean age at the time

of diagnosis was 43 years with the UA affecting a
younger age group (26.8 years) compared to the SMA
(46.3 years), a finding consistent with other stud-
ies.3,5,15 Ameloblastoma affects the mandible more
commonly than the maxilla2–6,16 at a ratio of approxi-
mately 80–92%:8–20%, with a propensity for the
posterior aspect of the jaws.2 Our results are consis-
tent with these findings as the majority of tumours
involved the mandible, particularly the posterior
region. Despite these results, multicentre studies have
shown geographical variation in ameloblastoma loca-
tion. In a Korean population the mandible was
affected 13 times more than the maxilla, and in a
North American group the anterior mandible was the
most commonly involved subsite.3

Approximately one-third of our cases were found
coincidentally, which is in keeping with other stud-
ies5,6 including Becelli et al.2 who found 35% of their
cases were asymptomatic at the time of diagnosis.
Swelling (36.6%) and pain (17.1%) were the two
most common presenting features, and can be easily
confused with other pathological entities such as den-
tal disease or odontogenic infection.17 The maxillary
sinus may allow an ameloblastoma to grow to consid-
erable size prior to the development of signs and
symptoms such as nasal obstruction, facial pain, globe
position changes, or sensory changes via the maxillary
division of the trigeminal nerve (V2). Furthermore,
the close proximity of important structures in the in-
fratemporal fossa and the central nervous system

means that this tumour may cause significant morbid-
ity and even death.7,18

The majority of the tumours in this study were
benign (41/42), with only 1 malignant tumour identi-
fied (AC). SMA made up the majority of ameloblasto-
mas (81%), followed by the UA (14.3%) and the PA
(2.4%). These ratios are consistent with the literature
where the proportion of SMA ranges from 70% to
85%,3,15,19 and the UA 10% to 26%.1,3,15,19,20

The SMA behaves in an expansive and locally inva-
sive manner, following the path of least resistance and
infiltrating cancellous bone 2–8 mm from the plain
radiographic margin of the lesion.2,8,21,22 There are
two surgical approaches to managing the SMA:20

‘radical’ or ‘conservative’. Radical treatment involves
tumour resection with a margin of uninvolved bone
and soft tissue, usually resulting in a segmental man-
dibulectomy or maxillectomy. Conservative treatment
involves enucleation, and curettage with peripheral
ostectomy, cryosurgery or chemical cautery (e.g. Car-
noy’s solution) employed as adjuncts to surgery. Carl-
son and Marx in 20068 advocated radical treatment
of the SMA with 1–1.5 cm margin of uninvolved
bone, confirmed on specimen radiograph and histolog-
ical examination. Their results revealed no recurrences
in 82 patients treated with this method after 5 years
of follow-up. Over the years research has confirmed a
significantly higher recurrence rate with conservative
treatment (33–83%) compared with radical treatment
(0–19%).4,18,23–28 Our results support these findings
with a statistically significant difference between these
two treatment methods (p = 0.015). Although most of
the recurrences occurred in the mandible, only one
recurrence occurred in the maxilla, which resulted in
death due to direct intracranial spread of the disease.
Thus, the results of this study are consistent with the
literature in supporting the radical management of
SMA tumours.
The UA also has several histological variants and

several classification systems have been described in
the literature.1,11,29 Ackermann et al. proposed a
three-group classification system (Type 1–3) that
relates to the management of the UA.29,30 Impor-
tantly, a UA may have more than one grouping, and
thus the entire lesion should be examined by the
pathologist to check for mural invasion (Type 3). The
majority of UA lesions in our study were Type 3
(67%), which is slightly higher than other groups
where approximately 50% are of this subtype.11,31

Overall, the UA has a lower recurrence rate after con-
servative treatment compared to the SMA (10–25%
vs 33–93%).8,22,32,33 However, Type 3 (mural inva-
sion) lesions can invade the cancellous bone and thus
should be treated in the same method as an
SMA.11,29,30,34 Our results revealed that two out of
the three (66.7%) Type 3 UAs that were treated

Table 2. Complications of reconstruction

Bone graft
- Total loss 2
- Partial loss requiring debridement 1
- Graft infection 1
Total 4/9
Osseous free flap
- Total loss 1
- Partial loss requiring debridement 1
- Plate infection 1
Total 3/14
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conservatively recurred. In contrast the Type 3 UA
that was treated with radical surgery did not recur,
nor did the Type 2 UA (intraluminal) managed con-
servatively. Despite the small number of UA cases,
these results support the recommendation of radical
surgery in the management of the Type 3 UAs.
The PA is an uncommon variant of the ameloblas-

toma, forming 1-10% of all subtypes,1,3,15,19 and is
thought to occur more commonly in an older popula-
tion.1 It does not show the invasive characteristics of
the SMA, which is reflected in its low recurrence rate
following conservative treatment.1 The single case of
PA in our population occurred in a 54 year-old male,
and was treated conservatively with no signs of recur-
rence after 36 months of follow up.
In contrast to the PA, our single case of AC suffered

multiple recurrences despite receiving radical surgical
treatment. The patient moved overseas at the time of
publication, but ongoing correspondence indicates
that she has undergone radiotherapy in her new coun-
try of residence. The AC is one of the two types of
malignant ameloblastoma in the WHO Classification.1

The malignant ameloblastoma has the same histologi-
cal features of the benign ameloblastoma, but it has
been shown to metastasize and spread to regional
lymph nodes or distant sites such as the lung, brain,
bone and kidney.32,35,36 Conversely, AC is a true
malignancy with typical features of a carcinoma
including cytological atypia, high rate of tumour
recurrence and metastasis.19,37

Reconstruction of the surgical site can be complex,
and completing it at the same time as resection (pri-
mary reconstruction) can prove to be challenging.16

Unrestored defects can result in hypernasal speech,
fluid leakage, facial deformity, impaired mastication
and phonation, malnutrition, malocclusion and oral
incompetence. The majority of our cases that under-
went radical surgery were also reconstructed (87.1%)
to aid oral rehabilitation (Fig. 3a and 3b). Complica-
tions occurred in 44.4% of the cases that received
non-vascularized bone grafts compared to only 21.4%
in those with free-flaps. Although these differences
were not statistically significant, other studies have
found free-flaps to have a reduced complication rate,
particularly when the surgical defect was longer than
6 cm.10,24,28,38,39

In conclusion, we have completed the largest clini-
copathological review of ameloblastomas treated in
Australia to date (42 cases). The demographic param-
eters are similar to that found in other international
studies. After a follow-up period of approximately 4½
years, a statistically significant higher recurrence rate
was found in those SMA lesions treated conservatively
compared to those that received radical management.
Type 3 UA lesions also had a tendency to recur fol-
lowing conservative management, and this supports

current theories that these lesions should be managed
similarly to the SMA. Multiple recurrences were seen
in the isolated case of AC, and one death occurred in
a maxillary SMA tumour due to intracranial spread.
These results highlight the importance of radical sur-
gery in the management of these tumours.
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