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ABSTRACT
Introduction: The current study reviewed the postoperative radiologic findings of 156 cases of ameloblastoma diagnosed at a 
tertiary institution in South Africa.
Methods: Histologically diagnosed cases of ameloblastomas between 2012 and 2022 were retrospectively reviewed. Only cases 
with both pre- and postoperative radiographs of diagnostic quality were included in the study. The demographics, treatment and 
follow-up radiologic findings, including recurrences, were assessed. This clinical data was collected from all available patient 
records and histopathologic reports.
Results: Seventy-nine cases of ameloblastoma (50.97%) diagnosed at the institution had post-treatment radiographs available 
and were included in the study for further analysis. Conservative treatment, including marsupialisation and/or enucleation, 
was performed in 11 cases (13.92%). The recurrence rate for conservatively treated cases was 44.4% after a mean follow-up of 
31.4 months. Tumour resection was performed in 72 cases (91.1%), including 4 recurrent cases previously treated conserva-
tively. Tumour recurrence was only noted in 4 cases (7.5%) treated via surgical resection after a mean follow-up of 25 months. 
Spontaneous bone regeneration was seen in 19 cases (35.8%) of ameloblastomas treated via surgical resection.
Conclusion: Ameloblastomas are benign neoplasms with high recurrence rates, emphasising the need for appropriate treatment 
and extended follow-up periods. The high recurrence rate reported in cases of ameloblastoma managed conservatively high-
lighted its inappropriate use in treating conventional subtypes. The presence of bony regeneration in this study was higher than 
the reported literature, correlating with the overall younger age of the current sample.

1   |   Introduction

Ameloblastoma (AB) is a benign odontogenic neoplasm with 
localised destructive behaviour and high reported recurrence 
rates [1, 2]. This results from neoplastic tumour islands infiltrat-
ing beyond the macroscopic or radiologic margins [3]. Treatment 
for AB varies by subtype, ranging from conservative methods 
like enucleation or curettage to more radical approaches such as 

surgical resection [3–5]. In most instances, they are treated by 
radical surgical resection, which may involve segmental resec-
tion or hemimandibulectomy/hemimaxillectomy, with 1.5–2 cm 
bony margins extending beyond radiologic boundaries.

Ameloblastomas are neoplastic; hence, tumour recurrence is 
only possible if neoplastic cells remain after treatment. Therefore, 
the recurrence rate of ameloblastomas highly depends on the 
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treatment modality [3, 4]. The recurrence rate for conventional 
ABs is 8% for radical surgery versus 41% for conservative surgery 
[5], highlighting the limitations of conservative treatment for 
conventional ABs. In comparison, the recurrence rate for uni-
cystic ABs has been reported at 3% for radical treatment and 21% 
for conservative surgery [5]. The reported high recurrence rates 
for ABs treated conservatively have resulted in some authors, 
advocating for the inclusion of a bony margin for all cases of AB, 
regardless of the subtype [6]. However, in general, the literature 
still advocates that the luminal and intraluminal variants of uni-
cystic ABs may be treated conservatively by simple cystectomy. 
This reflects the biological behaviour of these unicystic variants, 
whereby a fibrous connective tissue wall confines the neoplastic 
epithelial cells of the tumour [2]. Unfortunately, areas of exten-
sion beyond this boundary (mural proliferations) may be under-
estimated in unicystic ABs and may only be confirmed after the 
entire cystectomy specimen is evaluated. If mural proliferations 
are present, secondary resective surgery is indicated to remove 
the remaining neoplastic islands. Tumour recurrences usually 
occur within 5 years after treatment [3]. Other reports indicate 
that 47% of recurrences are detected after 5 years, advocating an 
extended follow-up period [7]. In a 15-year review of recurrent 
ameloblastomas, the authors found that a small number of cases 
can recur in the previously affected soft tissue site following jaw 
resection [8].

Due to approximately 46%–82% of ABs harbouring BRAF muta-
tions, novel targeted therapies have gained interest over the past 
decade [9, 10]. BRAF inhibitors have been approved for treating 
melanoma, non-small-cell lung cancer [11, 12] and other solid 
tumours with BRAF mutations, including ameloblastomas [10]. 
Reported cases in the literature of ABs receiving BRAF inhib-
itors have rendered significant improvements and responses; 
however, considerable side effects and response variations have 
been reported [9, 11]. In some cases, these targeted therapies 
were used to reduce the size of the tumour for ultimate resec-
tion, reducing patient morbidity, especially in cases involving 
children [10, 11].

The current study retrospectively reviews the postoperative ra-
diologic findings of a large cohort of ABs treated at a tertiary 
institution in South Africa.

2   |   Materials And Methods

Histologically confirmed cases of ameloblastomas diagnosed 
within the Department of Oral and Maxillofacial Pathology, 
University of Pretoria, between 2012 and 2022, were collected. 
Only cases with a confirmed histopathologic diagnosis with 
both pre- and postoperative radiographs of diagnostic qual-
ity were included in the study. First, the haematoxylin- and 
eosin-stained slides of included cases were collected, where 
the diagnosis of ameloblastoma and histopathologic subtype 
(conventional vs. unicystic) was confirmed using clinico-
pathological correlation. Only cases with sufficient tissue to 
confirm the subtype were included. The patient demograph-
ics, initial radiologic presentation and treatment performed 
were collected from all available patient records. Resection 
margins were reviewed from the respective histopathologic 
reports. The available radiographs were collected from the 

Departmental database, including panoramic radiographs 
and/or cone-beam computed tomography scans. The fol-
low-up radiologic imaging was assessed for recurrences and 
other treatment outcomes.

3   |   Results

One hundred and fifty-six (156) confirmed ABs with preoper-
ative radiographs were collected during the study period. Only 
79 (50.6%) cases had post-treatment radiographs available and 
were included in the study. The mean age of included cases was 
30.2 years, with a 1.03:1 male-to-female ratio.

Only 3 cases (3.8%) were diagnosed as unicystic, with the re-
maining classified as conventional ABs. Most cases were lo-
cated in the mandible (n = 77, 97.5%). The two maxillary cases 
involved both the anterior (central incisor to canine) and pos-
terior regions of the jaws. Cases affecting the mandible primar-
ily involved the posterior regions, including the ramus (n = 47, 
59.5%), followed by both regions (n = 47, 36.7%), with a single 
case limited to the anterior region only. Radiologically, most 
cases showed focal areas of loss of demarcation (n = 45, 57%), 
with the rest remaining well-demarcated. Multilocular lesions 
were noted in 57 cases (72%). High frequencies of cortical de-
struction (n = 69, 87.3%) were noted.

Definitive treatment was performed at a mean period of 
20.7 months after the initial radiographic examination (median 
9.17). Conservative treatment, including marsupialisation and/
or enucleation, was performed in 11 cases (13.92%) (Table  1). 
Four cases of conventional AB (5.1%) were treated via marsupi-
alisation, with these cases having a mean age of 14.8 years, and 3 
cases presenting with a unilocular appearance. These four cases 
recurred at 7, 16, 31 and 60 months, respectively. Enucleation 
was performed in 7 cases (8.9%), with a mean age of 37.5 years. 
Five of these cases had a unilocular radiologic appearance, 
with 2 cases diagnosed as unicystic AB. Two cases were lost 
to follow-up, and no recurrences were seen in the 5 cases that 
presented for follow-up radiologic assessment (3, 5, 17, 54 and 
90 months, respectively).

Resections were performed in 72 cases (91.1%), including the 4 
marsupialisation cases that recurred after initial conservative 
treatment. One unicystic case with extensive ramus involve-
ment was resected. Only 53/72 (73.6%) of the included resec-
tion cases had radiologic follow-up imaging available after 
treatment. The mean follow-up period was 25.8 months (me-
dian 17, range 1–112 months). Tumour recurrence was only 
noted in 4 cases (7.5%) treated via surgical resection. Histology 
reports of the resections were available in 3 of these cases with 
one case resected at another institution. Two cases had reports 
of clear margins, with one having involved margins. All resec-
tion cases were reconstructed with a prefabricated reconstruc-
tion plate (Figure 1), and 22 cases (30.6%) had a silastic spacer 
placed as part of the surgical reconstruction (Figure 2). Only 
6 cases (8.3%) received bone augmentation or fibula-free flap 
placement at the initial resection and reconstruction surgery.

During the study period, radiologic evidence of bone fill in the 
resected area was seen in 11 cases (20.8%) (6 via silastic spacer, 
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5 fibular bone graft). No evidence of bone fill was seen in cases 
treated with a reconstruction plate only, one case treated via a 
fibular flap and 16 cases (72.7%) treated with silastic spacers. 
The prefabricated reconstruction plate was rejected in 5 cases (2 
with silastic spacers).

Spontaneous bone regeneration (Figure 3) in a region outside an 
area of bone augmentation was seen in 19 cases (35.8%) treated 
via surgical resection. The average age of patients presenting 
with bone regeneration was 28 years and included 10 females 
and 9 males. In these cases, the histopathologic resection re-
port was available in 17 cases and was reported as tumour-free 
in 14 of the 17 cases (82.4%). In the other 3 cases, the tumour 
was present at the resection margins, mainly at the buccal and 
lingual aspects. In one patient, the piece of reactive bone was 
excised as it was suspected to be a sign of tumour recurrence. 
Following histopathologic evaluation, no recurrent or residual 
tumour cells were observed in the bony fragment, confirming 
its regenerative nature (Figure 4).

4   |   Discussion

Ameloblastoma is the most common odontogenic neoplasm 
and is especially prevalent in Africa [2, 13]. The mean age of 
presentation in the current study is earlier than that reported 
in other studies [14]. This finding is supported by the literature 
reporting that patients in developing countries, in particular 
from Africa, present with ABs at an earlier age [7, 15]. The 
predilection for the mandible and, specifically, the posterior 
region is well known in ABs [16–19], with frequent extension 
into the ramus complex [20]. The high rate of multilocular 
lesions corresponds to the literature [21], with higher rates 
of cortical destruction reported in the current study (87% vs. 
29%), explaining the higher rates of loss of border demarca-
tion [21].

Unicystic ABs are common variants of ABs, representing ap-
proximately 21% of all cases [20]. The low numbers of unicystic 
AB in the current study are likely due to numerous cases being 
excluded due to limited tissue or cases being enucleated without 
follow-up radiographs. Only following histopathologic assess-
ment of the entire cystic lesion can a diagnosis of unicystic AB 
be confirmed [6, 22].

Due to the high prevalence of AB, paired with its ultimate 
treatment and reconstruction, it poses a significant burden on 
the healthcare system. The first observation from this study 
is that only 51% of patients who presented to the institution 
with ABs had records of surgical treatment for the lesion at 
the same institution. This may be due to patients being treated 
at other institutions or defaulting due to fear or other patient-
related constraints. This study also reported a long duration 
between initial examination and definitive treatment. This 
could be due to limited theatre time or limited availability of 
reconstruction equipment. Delayed access to healthcare in de-
veloping countries is well known and leads to challenges in 
managing ABs [23]. These delays in treatment are also often 
caused by external factors, such as difficulty in travelling 
to healthcare facilities from remote areas, finances or other 
constraints.T
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The risk of recurrence for ABs following conservative treatment 
is more than three-fold higher than radical surgery [5, 14, 24–26]. 
These figures have resulted in authors advocating radical treat-
ment for both unicystic and conventional ABs. The treatment of 
recurrent ABs has also been investigated, showing that even after 
three rounds of conservative surgery, ABs may still recur, with 
radical surgery resolving the recurrence [26]. This high reported 
recurrence rate for ABs treated conservatively revolves around 
the surgery leaving residual neoplastic cells, allowing for contin-
uous growth. However, no significant differences in recurrence 
are noted between marginal and segmental resection [14]. In the 
current study, 44% of recurrences was noted for conservative 
treatment versus 7.5% for cases treated via resection. Although 
resection and reconstruction are the mainstay of treatment, 
functional limitations may occur, such as chronic pain, change 
in appearance and difficulty in chewing and speech, resulting in 
psychological discomfort [29]. In a systematic review of the liter-
ature, only 26% of AB cases underwent oral rehabilitation after 
surgery, significantly impacting patient's quality of life [29]. 
Marsupialisation of conventional ABs was performed in young 
patients, likely due to the high morbidity of resections. However, 
all cases recurred and had eventual resection. The follow-up pe-
riod only surpassed the 5-year mark in 11.4% of cases treated at 
the institution, showing a significant lapse in follow-up, likely 
due to constraints previously discussed.

Postoperative complications of radical surgery include in-
fection at the reconstruction site, plate exposure, fracture or 

FIGURE 2    |    (A) Pre-operative radiograph of a unilocular conventional AB. (B) Immediate postoperative radiograph showing resection with 
reconstruction using a prefabricated plate and silastic spacer. (C) 15-month postoperative radiograph showing bone formation in the ramus region.

FIGURE 3    |    (A) Preoperative radiograph of a multilocular 
conventional AB. (B) Immediate postoperative radiograph showing 
resection with reconstruction using a prefabricated plate and silastic 
spacer. (C) 22-month postoperative panoramic radiograph showing 
bone formation in the ramus region and on (D) CBCT imaging.

FIGURE 1    |    (A) Preoperative radiograph of a unilocular conventional AB. (B) Immediate postoperative radiograph showing reconstruction of the 
tumour with a prefabricated plate only. (C) 45-month postoperative radiograph showing bone formation in the ramus region.
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loss and graft failure [29]. A 2012 study by Ferretti et al. [27] 
recommended an intermediate step in mandibular recon-
structions to provide structural support for the healing of soft 
tissues and to maintain space for final bony grafts. The silas-
tic spacer is a space maintainer consisting of a rigid ramus 
unit and a flexible silicone body unit that is secured to the 
reconstruction plate using screws and wires. The spacer is left 
in situ for 6–8 weeks to allow mucosal healing, then removed 
and replaced by a bony graft. The advantage of this proce-
dure was the better contour of bony grafts, compared to free 
flaps, and the more predictable results along with soft tissue 
healing. A follow-up study found that if this procedure is per-
formed correctly, a successful bone fill to restore the height 
and morphology of the mandible is achieved in 88% of patients 
[28]. However, the disadvantage is that a two-step procedure 
and prolonged spacer retention may result in extraoral extru-
sion [27]. In the current study, silastic spacers were commonly 
used; however, it was noted that not all patients returned for 
the second bone augmentation procedure. Ultimately, bone 
fill was only noted in 27% of cases, with plate rejection noted 
in 9% of cases.

Radiologic investigation plays a significant role in managing 
AB cases, including initial assessment and determination of 
resection margins. Furthermore, post-treatment clinical and 
radiologic follow-up of at least 10 years postsurgery is recom-
mended [23, 26]. A systematic review analysing the radiologic 
features of recurrent ameloblastomas found that most cases 
presented with a multilocular appearance [3, 7, 30, 31]. The 
authors identified, amongst other factors, that tumour size 
(> 6 cm), cortical destruction and encroachment of anatomical 
structures were important features in predicting tumour re-
currence [30]. Furthermore, Li et al. [32] reported that lesions 
with poorly defined radiologic margins typically show higher 
recurrence rates. This further highlights the importance of 
detailed radiologic analysis for cases of ABs. Compounding 
these factors, Merbold et  al. [33] also reported that delayed 
treatment may result in lesion progression over time, compli-
cating its management.

Bone regeneration is a well-known phenomenon after the enu-
cleation of jaw cysts without bone grafting procedures [34]. 
However, in such cases, significant bone remains behind at 

the lesion periphery, and the basal bone remains intact. The 
unusual occurrence of bone regeneration after segmental jaw 
resection has also been reported in the literature [35–37]. The 
first reported case was described in 1946, [37] after which at 
least 32 cases have been reported [38]. The theories explain-
ing this occurrence revolve around the presence of an intact 
periosteum, local infection or stresses on the remaining bone. 
Overall, bone regeneration is a rare occurrence (2%), with an 
equal sex distribution and a mean age of 26.6 years, with a 
statistically significant higher occurrence in younger patients 
[38]. In the current study, the incidence of radiologic bony 
regeneration was higher (35.8%); however, the younger age 
correlated with the literature. The size of defects reached up 
to 15 cm and signs of bony regeneration occurred as soon as 
2 weeks postsurgery with a mean period of 4 months [38]. The 
regenerated bone resembled cortical bone stumps but did not 
span the entire width of the defect and lacked thickness. In a 
significant number of cases (30%), the periosteum was excised 
completely, and a bone fracture theory was employed. This 
new bony growth was theorised to be caused by the release 
of growth factors stimulating undifferentiated mesenchymal 
cells to produce new bone [38].

In the current study, 3 cases exhibiting radiologic evidence of 
bony regrowth had positive resection margins on histopatho-
logic analysis. Additionally, 2 out of 4 cases with clinical signs 
of tumour recurrence also demonstrated bony growth. This 
raises the question of whether this bony reaction could indicate 
tumour recurrence from residual tumour tissue. However, 17 
cases with radiologic signs of bony regrowth showed no recur-
rence to date, and histopathologic analysis confirmed clear re-
section margins in 14/17 cases with available reports. This bony 
growth was excised in one case, and no evidence of neoplastic 
cells was found. A report by Mesgarzadeh et al. [36] also noted 
bony regeneration in a case not associated with tumour recur-
rence after a 7-year follow-up period. Only long-term follow-up 
will resolve this question.

The limitations of the current study include a lack of exten-
sive follow-up, a common issue in resource-limited countries. 
Despite this, the study underscores significant postoperative ra-
diologic findings of treated ABs, providing valuable insights into 
the outcomes and challenges faced in such settings.

FIGURE 4    |    H&E-stained histopathologic image of the regenerated bone removed due to suspected tumour recurrence. The sections show vital 
cancellous bone with fibro-fatty connective tissue and no signs of neoplastic cells.
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