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Abstract
Ameloblastic fibro-odontoma (AFO) is a controversial, rare benign mixed odontogenic tumour that was re-defined as "devel-
oping odontoma" in the 2017 WHO classification arguing that once dental hard tissues form, it is programmed to transform 
into odontoma. However, AFO still remains unclear in terms of its nature. We aimed to analyze a large series of AFOs and 
compare it to a large series of odontomas (ODs) in an attempt to set cut-off diagnostic parameters between these entities 
and discuss latest updates on AFO histopathologic, clinical and molecular features. A total of 23 well-documented AFOs 
were analyzed versus 310 ODs focusing on the age of the patients and size of the lesions. For AFO, mean age was 9.4 ± 3.9 
years (range 3–16 years) and mean size (greatest diameter) was 2.9 ± 1.5 cm (range 0.8–5.5 cm). For OD—mean age was 
26.5 ± 15.6 years (range 3–81 years), mean size 1.9 ± 0.9 cm (range 1–5 cm). Receiver operating curve (ROC) showed that 
a cut-off age of 13.5 years and below [area under the curve (AUC) 0.902, 95%CI 0.859–0.945; p < 001; sensitivity 80%, 
specificity 87%] and a cut-off size of 2.1 cm and above are likely to be associated with AFO (AUC 0.7, 95%CI 0.574–0.827; 
p = 0.001; sensitivity 57%, specificity 77%). Thus, the combination of age and lesion size may be used to distinguish between 
lesions of a true neoplastic nature (i.e., AFO) and hamartomatous formation (i.e., OD). Further molecular and genetic speci-
fications are needed to provide a better understanding on the pathogenesis of AFO in support of our suggestion and aid in 
an accurate classification of AFO.
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Introduction

Although more than 4 years have passed since the last World 
Health Organization (WHO) classification of Head and Neck 
Tumours, some complex issues remain unclear. Among 
these, ameloblastic fibro-odontoma (AFO) and ameloblas-
tic fibro-dentinoma (AFD) which were ’removed’ from the 
classification of odontogenic tumours as an entity and are 
being evaluated as developing odontomas. This last clas-
sification has emphasized that the appearance of hard tissue 

formation such as ‘dentin’ and ‘enamel’ is usually the first 
stage in maturation and more compatible with a developing 
odontoma [1]. These lesions are quite rare in the routine of 
even large departments of oral pathology, therefore, under-
standing their pathogenesis is complex.

The history of the WHO classification and definition 
of such lesions go back to the 1970s. The first WHO clas-
sification of odontogenic tumours was published in 1971 
[2], followed by 1992 [3], 2005 [4] and 2017 [1] editions. 
Table 1 summarizes the descriptions of tumours composed 
of ameloblastic epithelium with/without dental hard tissues 
and odontomas according to each classification.

AFO is quite a rare tumour with an estimated prevalence 
among oral biopsies of less than 1% and between 1 to 3% 
among odontogenic tumours [5, 6]. It usually occurs in 
patients younger than 20 years of age and has a propensity 
for the mandibular molar area [6].

In view of the 2017 WHO classification of AFO as a 
developing odontoma, we aimed to analyze a large series of 
AFO and compare it to a large series of odontomas (OD) for 
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attempting to set cut-off diagnostic parameters and to discuss 
AFO relative to the latest updates on histopathologic, clini-
cal, radiological and molecular features.

Material and Methods

Oral biopsy reports were retrieved and reviewed retrospec-
tively using the archives of Oral and Maxillofacial Pathology 
Department of both centers, between 1971 and 2020. Cases 
diagnosed as AFO according to the 3rd WHO classifica-
tion of odontogenic tumours [4] were revised and included 
only if they were well-documented. A large series of well-
documented ODs submitted during the same period of time, 
was also collected. A total of 23 AFOs and 310 ODs were 
finally included in the study.

Regarding histopathologic features of AFO, cases show-
ing the following criteria were included in the study:

1.	 Existence of distinct areas of ameloblastic fibroma 
(AF), including cords or islands of ameloblastic epithe-
lium within ectomesenchyme that resembles the dental 
papilla; both components should be seen as a continuous 
solid structure without distinct lobular architecture

2.	 Dentine and enamel production should be present within 
the proliferating "ameloblastic fibroma-like" soft tissue

3.	 Items 1 and 2 should be intertwined throughout the 
lesion.

For statistical analysis, T-test was used to analyze differ-
ences between continuous variables and chi-square between 
categorical variables; age and gender of patients, size and 
location of lesions were analyzed by univariate and mul-
tivariate tests. The parameters with significant differences 
were further analyzed by receiver operating curve (ROC) 
for defining a potential discriminating cut-off between AFO 
and OD. Statistical tests were performed using the SPSS 
(version 23) software (IBM, Chicago, IL, USA). Statistical 
significance was set at p < 0.05.

This retrospective study was approved by the Research 
Ethics Committee of the Institutions (Numbers: 9703-12-
SMC and 29624016-050.99- 1408-IU) in compliance with 
the Helsinki Declaration.

Results

A total of 23 AFOs and 310 ODs were included in the study; 
160 of the ODs had been previously reported [7]. Table 2 
summarizes the demographic and clinical features of AFO 
and OD cases. Figure 1 shows radiographic examples of 
these lesions.

In regard to AFO, mean age was 9.4 ± 3.9 years, the male/
female ratio was 2.3/1.0. The mandible/maxilla ratio was 
1.55/1, the mean size of the lesions (greatest diameter) was 
2.9  ± 1.5 cm. In addition, radiologically, AFOs were mixed 
radiolucent—radio-opaque, with the radio-opaque compo-
nent being of varying size and intensity. Only five (21.7%) 
AFOs were multilocular (Fig. 2). Ten (43.5%) of the cases 
were symptomatic (swelling/facial asymmetry/pain) with 
an average age of 9.7 ± 4.3 years. In regard to OD, mean 
age was 26.5 ± 15.6 years, significantly higher than in AFO 
(p < 0.001), but male/female ratio (1.06/1) was similar to 
AFO (p > 0.05). The mandible/maxilla ratio was 1.65/1, 
similar to AFO (p > 0.05). Within jaws, in the maxilla there 
were 75 ODs in anterior and 42 in posterior and in the man-
dible—57 anterior and 136 in posterior areas. The mean size 
of ODs was 1.9 ± 0.8 cm, which was significantly lower than 
in AFO series (p = 0.008).

Univariate analysis showed that size of the lesions 
was positively influenced by type of lesion (β = 1.068, 
95%CI 0.66–1.47; p < 0.001), negatively influenced by age 
[β = − 0.012, 95%CI (− 0.019)–(− 0.006); p < 0.001)], but 
was not affected by gender or location (p > 0.05).

Multivariate analysis showed that size of lesions was 
positively influenced by the interaction between age and 
type of lesion, so that in AFO the diameter of lesions has 

Table 2   Ameloblastic fibro-odontoma (AFO) and odontoma (OD)—demographic and clinical/radiological features

AFO OD p-value

Age, years; mean ± SD, (range) 9.4 ± 3.9 (3–16) 26.5 ± 15.6 (3–81) 0.008
Gender Male (N, %) 16, 69.6% 160, 51.6%  > 0.05

Female (N, %) 7, 30.4% 150, 49.4%
Male: Female 2.3:1 1:1.1

Location Mandible (N, %) 14, 60.9% (2 anterior, 12 posterior) 193, 62.3% (59 anterior, 134 posterior)  > 0.05
Anterior:Posterior 1:6 1.8:1
Maxilla (N, %) 9, 39.1% (2 anterior, 7 posterior) 117, 37.7% (75 anterior, 42 posterior) 0.03
Anterior:Posterior 1:3.5 1.8:1

Size, greatest diameter, cm; mean ± SD, (range) 2.9 ± 1.5 (0.8–5.5) 1.9 ± 0.8 (1–5)  < 0.001
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Fig. 1   Radiographic examples of ameloblastic fibro-odontoma (AFO) 
and odontoma (OD). A Coronal plane cone-beam computed tomog-
raphy of AFO. The lesion is radiolucent with scattered opacities in 
the left maxilla. It extends superiorly to the floor of the orbit and 
medially to the wall of the nasal cavity. Bony perforation is present 

(arrows) and involvement of unerupted second molar can be observed 
(arrow-head). B Cropped panoramic view of OD showing numer-
ous tooth-like radio-opaque components and a radiolucent capsule in 
the right mandible. The lesion precludes eruption of the underneath 
molar

Fig. 2   A Cropped panoramic view of an AFO showing a large, mixed 
radiolucent-radio-opaque lesion in the right maxilla. Margins are 
difficult to be defined. The first and second molars are involved and 

displaced. B Axial plane cone-beam computed tomography image 
highlights the extent of the lesion and its margins. A few bony septae 
denote the lesion a multilocular appearance
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decreased with age less than in OD [β = − 0.111, 95%CI 
(− 0.019)–(− 0.202); p =  0.018)].

In light of the above, the ROC analysis was performed 
on variables of age (Fig. 3) and lesion size (Fig. 4). It 
was found that a cut-off age of 13.5 years and below 
[area under the curve (AUC) 0.902, 95%CI 0.859–0.945; 
p < 001; sensitivity 80%, specificity 87%] and a cut-off size 
of 2.1 cm and above are likely to be associated with AFO 
(AUC 0.7, 95%CI 0.574–0.827; p = 0.001; sensitivity 57%, 
specificity 77%). 

Discussion

The status of AFO as a distinct entity has been revoked in 
the last WHO classification [1]. The histogenesis of these 
lesions has long been debated, and it is now thought that the 
great majority represent part of the spectrum of histologi-
cal changes seen in a developing odontoma [8, 9]. We have 
presently analyzed a large series of AFOs, compared it to a 
large series of OD, and covered the literature in regard to 
current reviews, selected cases of remarkably massive AFOs 
and recent molecular findings.

Fig. 3   Receiver operating curve (ROC) for age; A area under curve (AUC) – 0.902. B Plotted sensitivity versus specificity with cut-off value for 
discriminating ameloblastic fibro-odontoma (AFO) and odontoma (OD)

Fig. 4   Receiver operating curve (ROC) for of lesion diameter; A area under curve (AUC) – 0.7. B Plotted sensitivity versus specificity with cut-
off value for discriminating ameloblastic fibro-odontoma (AFO) and odontoma (OD)
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The capacity of odontogenesis in the adult individual is 
programmed to cease with the establishment of the tooth 
buds of the permanent second and third molars [10]. How-
ever, in some circumstances, additional soft and hard dental 
tissues are being generated, recapitulating the embryonal 
series of reciprocal interactions between oral epithelium and 
adjacent neural crest-derived ectomesenchyme. The prod-
ucts of this ectopic odontogenesis vary in their ordered mor-
phology from supernumerary teeth/compound odontomas to 
complex odontomas and partial and/or disorganized dental 
tissues, as seen in AFD, AFO and odonto-ameloblastoma 
[4], the last ceased to be a recognized entity in the 2017 
WHO classification of odontogenic tumours [1].

The demographic and clinical features of our AFO series 
are compatible with the literature in terms of age (mean 
9.4 ± 3.9 years, range 3–16 years), gender (M/F: 2.3/1.0) and 
localization (mandible predilection) [6, 11]. On the other 
hand, these results are not compatible with the 2005 WHO 
classification, which claimed that there is no predilection for 
either gender nor location [4]. Regarding the radiological 
features, our findings revealed that unilocular (78%) radio-
lucent lesions mixed with opacities of variable degrees was 
the most common presentation of AFO. These results are 
consistent with those reported in the large systematic review 
by Chrcanovic and Gomez [6].

There are published cases of massive maxillary AFOs 
which caused destruction of the sinus, facial disfigurement, 
perforated the cortical plates or extended to the orbital floor-
pterygoid region [12, 13]. Another large mandibular AFO 
case, extending from the first molar to the coronoid pro-
cess and the condylar neck with well-circumscribed bor-
ders and displacing the developing second molar tooth bud 
down to the inferior border of the mandible, was reported 
by Kirjavainen et al. [14]. An 11-year-old girl with a very 
large mixed tumour in the right maxillary sinus lesion with 
a missing first molar was also reported [15] and another left 
maxillary large swelling extended from the floor of the left 
maxillary sinus to the orbital floor, where the presence of 
an impacted tooth was described and root resorption of the 
upper left first molar, was also observed [16]. In light of 
these reports, it seems that some AFOs differ significantly 
from what would be the expected biological behavior of 
hamartomatous lesions (i.e., developing OD), by having a 
considerable potential for growing and causing considerable 
facial deformity and bone perforation. Furthermore, a malig-
nant counterpart of AFO, the ameloblastic fibro-odontosar-
coma, is a recognized entity with several well documented 
published cases [17, 18].

It is the authors’ opinion that the major problem with 
AFO is that the quality of the literature is remarkedly poor 
and diagnostic criteria are not fully known. When the lit-
erature has been reviewed, it was observed that many AFO 
cases did not contain sufficient clinical and pathological 

information. Small AF-like areas (lobular structures and 
hypercellular areas only around the epithelium) near mature 
ODs should not be considered as AFO. In fact, these areas 
may represent areas of distorted dental papillae as a factor 
of the plane of sectioning. The 2017 WHO classification 
remarked that most lesions formerly designated as AFO 
probably represent immature stages of ODs [1], which is 
largely accepted, however, it should be emphasized that true 
AFOs merit to be a recognized separate entity. In a previous 
study of one of the authors (MST) on 160 cases of ODs [7], 
AF-like changes were observed in only 5 cases and patients 
were in the 3rd to 4th decades. On the other hand, in 7 ODs 
diagnosed in the 1st decade, areas of hard tissue production 
containing large amounts of enamel/dentin were observed. 
Therefore, the emerging question would be on the time 
interval that allows us to refer to AFOs as early/developing 
odontomas. According to our results, we can suggest that 
lesions diagnosed in patients younger than 13.5 years with 
a diameter larger than 2 cm are likely to be considered as 
true neoplasia rather than developing odontomas, especially 
in those cases which differential diagnosis cannot be made 
histopathologically. As ODs tend to be smaller lesions than 
AFOs, it would not be rational to assume that as "AFOs" 
mature their dimension tend to decrease.

From a histopathological point of view, we may suggest 
that features favoring a diagnosis of AFO should consist of 
a very clear area of AF with narrow/"drum-stick"-like cords/
islands of ameloblastic epithelium and ectomesenchyme 
resembling dental papilla. The stromal component should 
be hypercellular, evenly distributed among the epithelial 
components and lack any lobular architecture (Fig. 5A–C). 
Dentine and enamel production should occur randomly 
within the AF areas (Fig. 5D). In contrast, ODs usually 
show a compartmentalization, where large areas of hard tis-
sue production are located in the center of the lesion, while 
the AF-like changes are observed at the periphery (Fig. 6). 
Even in cases where this zonation is less obvious, it should 
be noted that the epithelial component in ODs generally 
demonstrates distinct ameloblastic differentiation and the 
stromal component shows lobular arrangement and hyper-
cellular areas being located mostly around the epithelial 
component. Presence of ghost cells, cyst-like structures, 
cementum, cords and strands of ameloblastic epithelium in 
a mature but loose connective tissue, most probably repre-
sent an OD rather than AFO. Developing compound ODs 
show several dysmorphic tooth germs in a loosely textured 
connective tissue with cords and islands of odontogenic 
epithelium and varying amounts of hard tissue might be 
observed (Fig. 7). This type of stroma differs from that of 
AFO, as the latter resembles embryonic tooth pulp due to 
the myxoid appearance and abundant stellate-shaped fibro-
blasts with long slender cytoplasmic extensions. Develop-
ing complex OD and AFO might sometimes be impossible 
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to differentiate on histopathological grounds. Based on the 
findings of this study, we suggest the combination of age 
and lesion size be used to distinguish between lesions of 
a true neoplastic nature and hamartomatous formation. In 
those challenging cases in which neither histopathological 
features nor clinical/radiological findings can aid in reaching 
a definite diagnosis, it should be prudent to keep such cases 
in the spectrum of developing ODs.  

Hamartomas, like odontomas, are focal proliferation of 
cells and tissues typically found in the organ from which 
they arise [19]. Once thought to be a developmental malfor-
mation unworthy of the "oma" designation, many, in fact, 
have been recently found to harbor clonal chromosomal 
aberrations that are acquired through somatic mutations and 
on this basis are now considered neoplasms [20]. In other 
words, the line of demarcation between hamartomas and 
benign neoplasms is often unclear, since both lesions can 
be clonal. A hamartoma, however, contrary to a neoplasm, 
shows a self-limited growth [19, 20].

In this line, several studies have investigated the cellular 
and molecular engines that can lead to the generation of the 
ectopic teeth/dental tissues. It has been found that human 
ODs harbor putative post-natal mesenchymal stem cells with 
the ability to proliferate and differentiate into dental struc-
tures (enamel, dentin, cementum, pulp) [21]. Mesenchymal 
cells isolated from ODs expressed LHX8, an important fac-
tor in tooth morphogenesis, at a higher intensity than mes-
enchymal stem cells isolated from adult teeth, raising the 
possibility of its involvement in formation of ODs [22, 23]. 
In adult mice, up-regulation of the WNT/β-catenin pathway 
induced formation of ODs [24]. Furthermore, overexpres-
sion of IKKB, a factor for activation of the NF-kB fam-
ily of transcriptor factors (concomitant to upregulation of 
β-catenin and downregulation of several tumour suppres-
sor proteins, such as p53, p16 and p19) induced the for-
mation of supernumerary teeth or even of an odontogenic 
tumour, equivalent with the human odonto-ameloblastoma 
[25]. Nestin, a marker of neuronal stem cells, is related 

Fig. 5   Histopathologic finding of ameloblastic fibro-odontoma. A, 
B The soft tissue component of the tumor is similar to ameloblastic 
fibroma with a haphazard arrangement of hard tissue components, 

(H&E × 100). C Formation of disorganized tooth structures can be 
seen (H&E, × 100). D Higher magnification of these structures, dentin 
(d) and enamel matrix (e) (H&E, × 200)
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to tooth development, especially to differentiation toward 
odontoblasts and dentin production. Normally, its expres-
sion becomes undetected by completion of the dentition. 
However, intense expression of nestin has been found in the 
ectomesenchymal tissues of ODs, AFD and AFO, particu-
larly adjacent to odontogenic epithelium [26]. Lastly, on a 
genetic level, loss of heterozygosity (LOH) of tumour sup-
pressor gene loci was investigated in AF, AFO and amelo-
blastic fibro-sarcoma (AFS). The most frequent LOH was 
found in relation to p53 and CHRNB1, however, the mean 

fractional allelic loss of the benign lesions (AF and AFO) 
was 22%, whereas of AFS—74.6%, implying that the differ-
ent pattern and extent of LOH of tumour suppressor genes 
regulate changes in tumour behavior [27]. BRAF p.V600E 
mutation, initially known to characterize the epithelial com-
ponent of ameloblastomas, was also identified in the mesen-
chymal component of AF (40%), AFD (50%), AFO (33%), 
and AFS (67%), but not in ODs [28]. Collectively, these 
findings suggest that at least a subset of AF, AFD and AFO 

Fig. 6   Histopathologic finding 
of odontoma with ameloblastic 
fibroma-like areas (arrows) at 
the periphery. Please note the 
distinct ameloblastic differ-
entiation of epithelial islands 
(H&E, × 100)

Fig. 7   Histopathologic finding of developing odontoma. A Small structure of tooth germ like appearance (arrows) and loose connective tissue 
(asterisks) (H&E × 40). B Enamel (e) and dentin (d) production (H&E, × 200)
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are molecularly distinct from OD, and may represent distinct 
entities and be of a true neoplastic nature.

Classification of odontogenic tumours is challeng-
ing particularly in cases of histopathological overlaps, 
when separate small entities might "disappear" upon 
being aggregated into larger and less unique entities. It 
is well known that odontogenic tumours are derived from 
ectomesenchymal and/or epithelial tissues that constitute 
the tooth-forming apparatus. Like normal odontogenesis, 
the odontogenic tumours represent inductive interactions 
between odontogenic ectomesenchyme and epithelium [29, 
30]. Therefore, it is inevitable that some histological fea-
tures are overlapping, so it is necessary to interpret these 
important overlaps by combining them with clinical and 
radiological findings and to give the correct diagnosis.

In conclusion, in view of the findings of the present study 
and updated literature, we suggest to reconsider at least a 
part of the AFOs, especially those in patients younger than 
13.5 years with lesions of 2.1 cm and larger in diameter, as 
representing true tumours rather than developing odonto-
mas. Further molecular and genetic specifications are needed 
to provide a better understanding on the pathogenesis of 
AFO in support of our suggestion and aid in an accurate 
classification of AFO.
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