
Keratoameloblastoma: A report of 7 new cases and review of literature 
 

Liam Robinsona: BChD, PDD (Maxillofacial Radiology), PDD (Forensic Odontology), MChD (Oral Path), FC 

Path (SA) Oral Path. ORCID: 0000-0002-0549-7824 

Chané Smita: BChD, MSc (Maxillofacial Radiology). ORCID: 0000-0003-4047-6356 

Felipe Paiva Fonsecab,a: DDS, MSc, PhD. ORCID: 0000-0002-6657-4547 

Aline Corrêa Abrahãoc: DDS, MSc, PhD. ORCID: 0000-0002-3397-3234 

Mário José Romañachc: DDS, MSc, PhD. ORCID: 0000-0002-7853-5916 

Syed Ali Khurramd: BDS, MSc, PhD, MFDS-RCS (Ed), CiLT, FHEA, FDS-RCS(Eng), FRCPath. ORCID: 

0000-0002-0378-9380 

Keith D Huntere,a: BSc, BDS, FDSRCS (Ed), PhD, FRCPath. ORCID: 0000-0002-7873-0877 

Paul M Speightf: BDS, PhD, FDSRCPS, FDSRCS (Eng), FDSRCS (Ed), FRCPath. ORCID: 0000-0001-6459-

1370 

Willie FP van Heerdena: BChD, MChD (Oral Path), FC Path (SA) Oral Path, PhD, DSc, MASSAf. ORCID: 

0000-0003-2494-667X 

 
a Department of Oral Pathology and Oral Biology, School of Dentistry, Faculty of Health Sciences, University of 

Pretoria, South Africa.  

b Department of Oral Surgery and Pathology, School of Dentistry, Federal University of Minas Gerais (UFMG), 

Belo Horizonte, Brazil. 

c Department of Oral Diagnosis and Pathology, School of Dentistry, Federal University of Rio de Janeiro (UFRJ), 

Rio de Janeiro, Brazil. 

d Academic Unit of Oral and Maxillofacial Pathology, School of Clinical Dentistry, University of Sheffield, United 

Kingdom. 

e Molecular and Clinical Cancer Medicine Unit, Faculty of Health and Life Sciences, University of Liverpool, 

United Kingdom.  
f Emeritus Professor in Oral and Maxillofacial Pathology, School of Clinical Dentistry, University of Sheffield, 

United Kingdom. 

 

Corresponding author: 

Professor WFP van Heerden 

Address: Pretoria Oral Health Care Centre, Corner of Steve Biko and Dr Savage Road, Pretoria, South Africa, 

0084 

Contact number: +27 12 319 2320 

E-mail: willie.vanheerden@up.ac.za 

 

Word Count:  

Abstract  : 293 

Manuscript : 3592 (excluding title page, abstract, figure legends, table and references) 

Number of text pages : 29  

Number of figures  : 3 

Number of tables  : 3 

Number of references : 47 

 

1



Abstract 

Keratoameloblastoma (KA) is an uncommon and controversial variant of 

ameloblastoma exhibiting central keratinisation. Due to their rarity, there is limited 

information in the literature on the clinical, radiologic and histologic features of KA. 

This study adds seven additional cases of KA to the literature, and reviews the current 

published literature on this rare entity. KAs were retrospectively reviewed over a 20-

year period from three Oral and Maxillofacial Pathology Laboratories. KAs presented 

at a mean age of 40 years with a nearly equal gender distribution and a mandibular 

predilection (65%). The majority (92%) of cases presented with localised swelling 

with associated pain in 32% of cases. Mixed density or internal calcifications were 

noted in 40% of cases. All tumours presented with bony expansion, with cortical 

destruction noted in 62% of cases. Histologically, all tumours consisted of solid and 

cystic follicles with surface parakeratinisation and lamellated accumulations of central 

keratin. In areas the cystic follicles had an epithelial lining suggestive of an OKC. 

There were focal luminal areas of loosely arranged polygonal cells reminiscent of the 

stellate reticulum. The basal cells consisted of columnar cells with evidence of 

palisading and prominent subnuclear vacuolisation. Of the cases treated via tumour 

resection, 27% presented with tumour recurrence. In conclusion, this case series 

reports seven additional cases of KA, taking the total to 26 reported cases. The 

identification of subtle histologic features, including focal stellate reticulum-like 

central areas, subnuclear vacuolisation and lamellated-type central keratinisation, are 

key in diagnosing KA. The radiologic signs will often indicate signs of aggressiveness 

such as cortical destruction, differentiating KA from OKC. All cases were completely 

negative for calretinin IHC, limiting its use in distinguishing KA from OKC. Further 
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large series are needed to expand the current understanding of this rare variant of 

ameloblastoma.  

 

Keywords: Odontogenic tumour, Ameloblastoma, Keratoameloblastoma, 

Odontogenic keratocyst, Immunohistochemistry, Molecular pathology 

 

Introduction 

Ameloblastoma is a benign epithelial odontogenic neoplasm with aggressive 

biological behaviour and a tendency for local recurrence if incompletely excised [1-

3]. In the 2017 World Health Organization (WHO) classification of benign 

odontogenic tumours, ameloblastomas are subdivided to include ameloblastoma 

(often termed conventional ameloblastoma), unicystic ameloblastoma and 

extraosseous/peripheral ameloblastoma [3-5]. Several histologic variants have been 

described, with two or more variations often occurring in the same tumour [3, 6]. 

More recently, the rare variant adenoid ameloblastoma (with dentinoid), has been 

better characterised, and shown to lack the characteristic molecular mutations often 

seen in conventional ameloblastomas [7, 8]. These variants generally do not influence 

tumour behaviour or surgical management [6]. 

 

Histologic variants of ameloblastoma that exhibit keratinisation include 

acanthomatous ameloblastoma, keratoameloblastoma (KA), and papilliferous 

keratoameloblastoma (PKA) [6, 9, 10]. Of these, intraosseous KA and PKA are 

extremely rare tumours with 19 cases of KA (Table 1) [6, 9-22] and only six cases of 

PKA (Table 2) [16, 23-28] reported in English-language literature. These figures may 

however not be entirely accurate as many cases may be undiagnosed or incorrectly 
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interpreted as other entities due to the considerable histologic overlap. A single case 

of KA involving the palate, without bone involvement (peripheral KA), has been 

reported in a 32-year-old female [29]. 

 

Table 1: Keratoameloblastomas reported in the literature 
 

Case 
no. 

Author Age Gender 
Clinical 

Signs 
Site 

Radiologic features 
Treatment  Recurrence 

Locularity Density 

1 
Altini et 
al[11] 

28 M Swelling 
Anterior 
maxilla

Multilocular Radiolucent Resection - 

2 
Siar et 
al[12] 

30 M Swelling 
Anterior 
mandible

Multilocular Radiolucent Resection - 

3 
Siar et 
al[12] 

35 M Swelling 
Posterior 
mandible

- - Resection - 

4 
Siar et 
al[12] 

35 F Swelling 
Posterior 
maxilla

- Mixed - - 

5 
Siar et 
al[12] 

39 F - 
Anterior 
mandible

Unilocular Radiolucent Enucleation  - 

6 
Norval et 
al[13] 

26 F 
Painful 
swelling 

Posterior 
mandible

Multilocular Radiolucent Resection - 

7 
Said-al-
Naief et 
al[14] 

26 M 
Mass from 
socket 

Posterior 
maxilla 

Unilocular Radiolucent Resection 
Recurrence at 7 
months 

8 Kaku[15] 35 M Pain  
Posterior 
mandible

Multilocular Radiolucent Resection - 

9 
Takeda et 
al[6] 

76 M Swelling 
Posterior 
mandible

Multilocular Radiolucent Resection - 

10 
Whitt et 
al[16] 

45 M 

Painful 
swelling, 
tooth 
mobility 

Anterior 
maxilla 

Unilocular 
Internal 
calcifications 

Curettage 
No evidence of 
recurrence at 
10 months 

11 
Adeyemi 
et al[17] 

38 M 
Swelling, 
tooth 
mobility 

Posterior 
mandible 

Multilocular Radiolucent Resection 
No evidence of 
recurrence at 
24 months

12 
Sisto & 
Olsen[10] 

35 F 
Painful 
swelling 

Posterior 
mandible

Multilocular Mixed Resection - 

13 
Ketabi et 
al[18] 

21 F 

Painful 
swelling, 
tooth 
mobility 

Anterior 
mandible 

Unilocular Radiolucent Enucleation 
No evidence of 
recurrence at 
12 months 

14 
Raj et 
al[19] 

22 F 
Painful 
swelling, 
paraesthesia

Posterior 
maxilla 

Unilocular Radiolucent Resection 
No evidence of 
recurrence at 
24 months

15 
Lee et 
al[9] 

56 M Swelling 
Posterior 
maxilla 

Unilocular 
Internal 
calcifications 

Enucleation 

Multiple 
recurrences at 
3,6,17,21,33,46 
months

16 
Bedi et 
al[20] 

27 F 
Painful 
swelling 

Posterior 
mandible

Unilocular Radiolucent Resection 
Recurrence at 5 
years 

17 
Palaskar 
et al[21] 

65 F 
Painful 
swelling 

Anterior 
mandible

Unilocular Radiolucent Enucleation 
Recurrence at 4 
months

18 
Prabhakar 
et al[22] 

74 F Swelling 
Posterior 
mandible

Multilocular Radiolucent Resection 
No recurrence 
at 6 months

19 
Prabhakar 
et al[22] 

42 M Swelling 
Anterior 
maxilla

Multilocular 
Internal 
calcifications

Resection - 
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Table 2: Papilliferous keratoameloblastomas reported in the literature 
 

Case 
no. 

Author Age Gender 
Clinical 

signs 
Site 

Radiologic features 
Treatment  Follow-up 

Locularity Density 

1 
Pindborg 
et al[28] 

57 F - 
Posterior 
mandible 

Multilocular Radiolucent - - 

2 
Altini et 
al[27] 

76 F Swelling 
Posterior 
mandible 

Multilocular Radiolucent Resection 

No 
evidence 
of 
recurrence 
at 1 year

3 
Collini et 
al[25] 

62 M Swelling 
Posterior 
mandible 

Irregular 
with soft 
tissue 
extension 

Internal 
calcifications 

Resection 

Two 
recurrences 
at 39 and 
58 months 

4 
Mohanty 
et al[26] 

46 M Swelling 
Posterior 
mandible 

Multilocular Radiolucent - - 

5 
Konda et 
al[24] 

44 M 

Painful 
swelling, 
tooth 
mobility 

Posterior 
mandible 

Unilocular  Radiolucent Resection 

No 
evidence 
of 
recurrence 
at 1 year 

6 
Kuberappa 
et al[23] 

65 M 
Painful 
swelling  

Anterior 
and 
posterior  
mandible 

Multilocular Radiolucent Resection 

No 
evidence 
of 
recurrence 
at 2 
months

 
The term “keratoameloblastoma” was first coined by Pindborg in 1970 [28], with the 

first confirmed case reported by Altini et al. in 1976 [11]. In 1992, the WHO loosely 

defined KA as an ameloblastoma with extensive keratinization [30]. Siar and Ng 

better defined the entity with a series of four cases in 1993 [12]. Subsequently, 

controversy emerged regarding the classification of KA as a separate subtype of 

ameloblastoma [9]. Norval et al. suggested that keratoameloblastoma be considered a 

variant of acanthomatous ameloblastoma [13]. Siar and Ng refuted this claim, noting 

that acanthomatous changes in ameloblastomas are relatively common, whereas 

keratinisation is rare, supporting the term KA [12]. The 2017 WHO classification of 

benign odontogenic tumours makes no mention of KA, reflecting an editorial decision 

to limit the classification to well-defined entities [3]. 

 

5



Keratoameloblastomas have been diagnosed in patients between 21 and 76 years of 

age, with a mean age of 44 years [9, 16, 17]. Initial studies revealed a distinct male 

predilection, with a male-to-female ratio of 3:1. However, an up-to-date literature 

review revealed a total of 10 cases in males and 9 cases in females, illustrating an 

almost equal gender distribution [6, 16, 17, 22, 31]. Overall, the most commonly 

affected location is the posterior mandible, with most cases presenting as painful 

swellings. KAs present radiologically as unilocular or multilocular radiolucencies 

with isolated cases exhibiting radiopacities within the lesion [16, 17]. Lee et al. noted 

that the presence of scattered hard tissue attenuation was a characteristic feature of 

KAs [9]. They postulated that this feature represented dystrophic calcification of the 

extensive keratin and necrotic debris produced by the tumour [9]. Displacement and 

root resorption of the adjacent teeth are common findings. KAs typically display bony 

expansion and perforation of the cortical plates [9, 16]. 

 

Since its initial description, lesions reported as KA have included a broad spectrum of 

histopathologic appearances [16]. The most thorough discussion regarding the 

histologic description of this tumour was undertaken by Whitt et al. [16], who 

subclassified it into 4 main groups: 1] papilliferous; 2] simple; 3] simple with 

odontogenic keratocyst-like features, and 4] complex. Overall, KAs typically show 

the following histologic features: 

1. Scattered cystic and solid epithelial follicles embedded in a mature fibrous 

connective tissue stroma consisting of loosely arranged polygonal or angular 

cells resembling the stellate reticulum of the enamel organ, and palisaded tall, 

columnar, ameloblast-like cells at the periphery; 
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2. Epithelial follicles show extensive surface parakeratinisation with lamellated, 

“Pacinian-like” accumulations of central keratin; 

3. Some of these cystic follicles may have an epithelial lining suggestive of an 

odontogenic keratocyst (OKC); 

4. Prominent hard tissue formation showing a woven bone- or cementum-like 

appearance [6, 12, 13, 16, 20]. 

 

Given the non-encapsulated and locally infiltrative growth pattern of KA, wide 

excision accompanied by close clinical follow-up is regarded as the most appropriate 

treatment [16, 20]. The biological behaviour and prognosis of these rare tumours 

compared with other histologic variants of ameloblastoma is inconclusive due to 

limited reported cases and inadequate follow-up data [22]. 

 

Due to their rarity, there is limited information in the literature on the clinical, 

radiologic and histologic features of KA. This study aims to add an additional seven 

cases of KA to the literature, as well as review the current published literature on this 

rare entity. In addition, the key histologic features of these rare tumours are 

emphasised, which may serve as a useful reference in distinguishing KA from other 

histologic mimics. 

 

Materials and Methods 

The present retrospective descriptive study included seven cases of 

keratoameloblastoma retrieved from the archives of three Oral and Maxillofacial 

Pathology Laboratories as follows: four cases from South Africa (University of 

Pretoria); two cases from Brazil (Federal University of Rio de Janeiro); and one case 

7



from the United Kingdom (University of Sheffield). Demographic, clinical and 

radiographic data were reviewed for the period between 2000 and 2020 (20-years). 

All cases were examined under conventional microscopy using 4 um hematoxylin and 

eosin (H&E)-stained sections. The H&E slides were then scanned into high-resolution 

images using the Aperio Scanscope Slide Scanner (Leica Microsystems, Wetzlar, 

Germany), obtaining images in a “.svs” format and visualised using the ImageScope 

software (Leica microsystems). The final diagnosis of keratoameloblastoma was 

agreed upon by all authors based on previous histopathologic features of reported 

cases and as best described by Whitt et al [16].  

 

Calretinin has been proposed as a useful immunohistochemical marker in 

distinguishing ameloblastoma from other odontogenic entities [32-35]. Therefore, 

immunohistochemistry with the use of a monoclonal antibody against calretinin, was 

performed on all cases. Heat antigen retrieval in TRIS/EDTA high pH buffer was 

performed on 3 µm FFPE tissue block sections using a Dako PT Link retrieval unit 

(Agilent Technologies). After treatment with hydrogen peroxidase, sections were 

incubated in a 1:20 dilution of monoclonal mouse anti-human lyophilized calretinin 

antibody (Clone CAL6, Novocastra, LeicaBiosysytems, UK) for 60 minutes at room 

temperature and rinsed thereafter. Detection was performed with NovolinkTM Polymer 

Detection System (Novocastra, Leica Biosystems) where after the sections were 

counterstained with Haematoxylin and mounted with a permanent mounting media. 

Appropriate positive controls were included in all cases.  

 

The clinical, radiologic and histologic features of the seven additional cases of KA 

were analysed and compared to existing cases in the literature. All data was extracted 

8



from the reported cases and collated in a table format. For the radiologic features, 

either the in-text description was reviewed or included radiographs analysed.   

 

The study was conducted following approval by the Faculty of Health Sciences 

Research Ethics Committee, University of Pretoria (33/2021). All procedures 

followed were in accordance with the ethical standards of the responsible committee 

on human experimentation (institutional and national) and with the Helsinki 

Declaration of 1975, as revised in 2008. 

 

Results 

The detailed clinical and radiologic data of the seven cases of keratoameloblastoma 

included in this study are summarised in Table 3. The seven cases included five 

females and two males, with a mean age of 40 years (range 29-48 years). Three 

tumours affected the maxilla and four occurred within the mandible. The posterior 

regions of the jaws were more commonly involved, with three cases extending to 

involve the anterior regions. The main clinical presentation for all cases was an 

asymptomatic swelling in the affected region. The reported duration of symptoms was 

available in five cases, with a mean period of 12 months.  
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Table 3: New cases of keratoameloblastomas 

Case 
no. 

Country Age 
Gende

r 
Clinical 

signs 

Duratio
n 
(months)

Site 
Radiologic signs 

Treatment  Follow-up 
Borders Locularity Density Effects 

1 
United 
Kingdom 

41 F Swelling - 
Posterior 
maxilla

Poorly-
defined

Unilocular  Radiolu
cent

Cortical destruction and 
root resorption

Resection 
Recurrence 
at 6 years  

2 Brazil 40 F Swelling 6 
Posterior 
maxilla 

Loss of 
demarcation 

Unilocular  Internal 
calcific
ations

Cortical destruction, tooth 
and sinus displacement  

Resection 
No 
evidence of 
recurrence 

3 Brazil 45 F Swelling 4 
Anterior and 
Posterior 
mandible

Loss of 
demarcation 

Multilocular Internal 
calcific
ations

Cortical destruction, root 
resorption and tooth 
displacement

Resection 
No 
evidence of 
recurrence 

4 South Africa 29 F Swelling 24 
Anterior and 
Posterior 
maxilla

Loss of 
demarcation 

Multilocular 
Mixed 

Cortical destruction, root 
resorption, tooth and sinus 
displacement

Resection 
No 
evidence of 
recurrence 

5 South Africa 45 M Swelling 1 
Anterior and 
Posterior 
mandible  

Loss of 
demarcation 

Multilocular 
Internal 
calcific
ations 

Cortical destruction and 
root resorption 

Only 
incision 
biopsy 
performed

- 

6 South Africa 31 M Swelling - 
Posterior 
mandible 

Well-defined Unilocular 
Radiolu
cent 

- Resection 
No 
evidence of 
recurrence 

7 South Africa 48 F Swelling 24 
Posterior 
mandible 

Loss of 
demarcation 

Multilocular 
Internal 
calcific
ations

Cortical destruction Resection 
No 
evidence of 
recurrence 
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Radiographic examinations were available in all cases. Tumours were mainly 

described as well-circumscribed radiolucent lesions that often exhibited a loss of 

demarcation involving one of the tumour margins. Three cases presented as unilocular 

lesions and four as multilocular lesions. Five cases showed evidence of internal 

calcifications (Fig. 1). Root resorption and teeth displacement by the tumour was seen 

in four and three cases respectively. Cortical perforation was apparent in six cases, 

whereas two maxillary cases showed evidence of sinus encroachment (Fig. 2).  

 

 

Fig. 1: Panoramic radiograph showing a multilocular radiolucent KA with areas of internal 

calcifications. CT imaging (insert) showed significant expansion and areas of cortical 

destruction. 
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Fig. 2: Panoramic radiograph (A) showing a multilocular KA affecting the left maxilla. 

Sagittal (B) and axial (C) CBCT images showed hyperdense areas of calcification and 

significant expansion, cortical perforation and sinus encroachment. 

 

Microscopically, all cases showed similar histologic features, demonstrating solid and 

cystic tumour follicles in a fibrous connective tissue stroma with varying degrees of 

chronic inflammation (Fig. 3A). The follicles showed extensive surface 

parakeratinisation with lamellated accumulations of central keratin (Fig. 3B). In areas 

the cystic follicles had an epithelial lining suggestive of an OKC (Fig. 3C). 

Importantly, all cases showed at least focal luminal areas of loosely arranged 

polygonal cells reminiscent of the stellate reticulum of the enamel organ (Fig. 3D). 

The basal cells were comprised of tall, columnar cells with evidence of palisading and 

prominent subnuclear vacuolisation (Fig. 3E). Four cases showed scattered dystrophic 

calcifications with an associated foreign body giant cell response (Fig. 3F). 

Immunohistochemical (IHC) staining for calretinin was performed on all cases, with a 

complete absence of staining in all tumours. 
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Fig. 3: Histopathologic features of keratoameloblastomas. (A) Solid and cystic tumour 

follicles in a fibrous connective tissue stroma (original magnification x 20). (B) Follicles 

containing abundant lamellated central keratin (original magnification x 40). (C) Epithelial 

lining suggestive of an OKC (original magnification x 100). (D) Other areas more reminiscent 

of the stellate reticulum (original magnification x 200). (E) Basal columnar cells with nuclear 

palisading and subnuclear vacuolisation (original magnification x 200). (F) Scattered 

dystrophic calcifications with a foreign body giant cell response (original magnification x 

100).  

 

Data regarding treatment was available for six cases. One patient only underwent an 

incision biopsy of the tumour and was subsequently lost to follow-up. All remaining 

patients were treated via surgical resection. Follow-up data was available in six cases, 

with recurrence only noted in one patient six years after tumour resection.  
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The addition of seven new cases with those reported in the literature takes the total to 

26 cases of KA, which were available for further analysis. Overall, KA presented at a 

mean age of 40 years (range 21-76). The male to female ratio was 1:1.2, indicating a 

nearly equal gender distribution. The reported clinical duration of tumour presentation 

(data was only available for 18 patients) was 19 months with a range of 2 weeks to 

more than 84 months. Symptoms were reported in 25 patients, with the majority 

(92%) presenting with localised swelling. Associated pain was reported in 32% of 

cases and was often described as dull or intermittent. Less frequent reported 

symptoms included tooth mobility (12%), with paraesthesia and a mass lesion 

extruding from an extraction socket being reported in one case each. The posterior 

regions of both jaws were involved in 62% of cases and the anterior region in 27% of 

cases. Three cases (12%) in the current series extended to involve both the anterior 

and posterior segments of the jaw. KA had a predilection for the mandible (65%) over 

the maxilla (35%). The involved subsites in decreasing frequency were: posterior 

mandible (50%), anterior mandible and posterior maxilla (both 23%), and lastly the 

anterior maxilla (15%) with some cases extending to involve more than one subsite.  

 

The radiologic borders of the tumour were analysed in 20 cases, with well-defined 

borders seen in 45% of cases, poorly-defined borders in 20% of cases, and a focal loss 

of border definition in 35% of cases. Tumour locularity was analysed in 24 cases, 

with 54% of cases appearing multilocular and the remainder having a unilocular 

appearance. Unilocular cases had a nearly equal mandibular and maxillary 

distribution, but 77% of multilocular cases occurred in the mandible. Radiologic 

tumour density was described in 25 cases, with purely radiolucent lesions noted in 

60% of cases. This figure may not be entirely accurate due to the lack of advanced 
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imaging in a number of cases. Internal calcifications were noted in 32% of cases, with 

either a mixed density or ground glass appearance noted in 8% of cases. All lesions 

resulted in bony expansion, with cortical destruction noted in 62% of cases. Tooth 

displacement (23%) was more common than root resorption (15%). Encroachment of 

the maxillary sinus or nasal cavity was noted in 33% of maxillary cases. 

 

The treatment of patients with KA was reported in 24 cases, with 19 cases (79%) 

receiving resection and 5 cases (21%) receiving conservative treatment consisting of 

either enucleation or curettage. One patient only underwent an incision biopsy during 

the course of this study. Follow-up information was available for 15 patients. Of the 

cases treated via tumour resection, 3 cases (27%) had recurrence occurring at 7 

months, 5 and 6 years respectively. Eight cases (73%) treated via resection had no 

evidence of recurrence at the time of the respective studies. For tumours treated 

conservatively, two cases had recurrence (50%), one with six recurrences, and two 

had no evidence of recurrence (50%) after a maximum follow-up period of 1 year. 

 

Discussion 

Keratoameloblastoma is a rare variant of ameloblastoma exhibiting surface 

parakeratinisation and central keratinisation in a so-called lamellated pattern [6, 9, 

10]. The term KA was first coined by Pindborg in 1970 [28]. However, it was not 

until 1976 that the first case of KA was described by Altini et al [11]. The 1992 WHO 

classification first loosely defined the entity as a variant of ameloblastomas with 

extensive keratinization [30]. Since then, several small case series and isolated case 

reports have attempted to better describe this rare variant of ameloblastoma. 

15



According to the literature, KA has a predilection for male patients and affects a wide 

age range [9, 16, 17]. In the current review, patients with KA presented at a similar 

mean age as conventional ameloblastomas with a peak incidence in the 3rd to 5thth 

decades of life [36]. The nearly equal male to female ratio of KA also corresponded to 

that of conventional ameloblastomas. The reported clinical duration is slightly longer 

than that of conventional ameloblastomas, with cases with associated pain presenting 

earlier [37]. The reported symptoms of pain and swelling also correspond to the 

current literature [37]. Although a mandibular predominance was found in the current 

study (1.9:1), the predilection for the mandible was not as dominant as larger reports 

on conventional ameloblastomas (10:1) [36]. The posterior mandible is the most 

common subsite for KA, corresponding to that of conventional ameloblastomas [36, 

37].  

 

KA usually presents as either unilocular or multilocular expansile radiolucencies with 

areas of cortical perforation and evidence of central hard tissue attenuation [16, 17]. 

The radiologic borders of KA tend to have higher frequencies of loss of demarcation 

than conventional ameloblastomas, although the locularity corresponds to that of 

conventional ameloblastomas [36, 37]. Internal calcifications or a mixed radiologic 

appearance have been reported in conventional ameloblastomas, but at lower 

frequencies than that of KA (37%) [36, 38]. An exception is the desmoplastic variant 

of ameloblastoma, which often presents as a mixed density lesion [39]. Dystrophic 

calcifications could explain the mixed radiologic appearance seen in some 

ameloblastomas, particularly the acanthomatous variant [40]. In KA, the mixed 

radiologic appearance is due to the extensive keratin production undergoing 

dystrophic calcification. The effects on surrounding structures, such as cortical 

16



perforation, is also not unlike conventional ameloblastomas. However, root resorption 

in KA appears to be less frequent compared to conventional ameloblastomas [38]. 

Unfortunately, some radiologic features, such as the frequency of cortical perforation, 

root resorption and internal calcifications, may have been underreported due to a lack 

of advanced imaging in many cases. 

 

Whitt et al. proposed a subclassification system for KAs following an extensive 

review of the histologic features of previously reported cases. The current authors 

consider this subclassification to be overly complicated and unnecessary. 

Furthermore, in contrast to Whitt et al. [16], we recognise KA and PKA as separate 

entities, diagnosed as such based on their unique histologic features.  

 

KA is characterised by cystic and solid epithelial follicles in a fibrous stroma. The 

follicles consist of discohesive polygonal or angular cells resembling the stellate 

reticulum. In the current series, the stellate reticulum-like central areas were minimal, 

possibly due to extensive central keratinisation. The peripheral aspect of the follicles 

shows tall, columnar cells with reverse nuclear polarity and subnuclear vacuolisation 

[6, 12, 13, 16]. The current authors believe that this subnuclear vacuolisation is 

particularly important in distinguishing KA from OKC. All cases in the current series 

showed prominent subnuclear vacuolisation. These follicles often have an epithelial 

lining resembling an OKC, but contain extensive central parakeratinisation giving a 

characteristic lamellated appearance, another key feature in the diagnosis of KA. This 

feature was seen in all cases in the current study. The keratinisation often undergoes 

dystrophic calcification resulting in the characteristic luminal hard tissue attenuation 

seen on radiographic examination [9]. Central dystrophic calcifications were present 
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in 4 of the current cases, 2 of which showed evidence of radiologic signs on advanced 

imaging.  

 

The so-called solid variant of OKC (SOKC) and OKCs with multiple daughter cysts 

may show a significant clinical and histologic overlap with KA [20, 31, 41-43]. This 

overlap has resulted in diagnostic difficulties in distinguishing these histologically 

similar, but separate entities. To date, only nine reported cases of SOKC have been 

described in the English literature [31]. Moreover, some authors consider SOKC and 

KA to be histogenetically related, with some postulating ameloblastomatous 

transformation of an existing OKC [22, 42-44]. Additionally, a correspondence letter 

from Ide et al. reports a case of unicystic ameloblastoma showing late recurrence as a 

mixture of follicular ameloblastoma and KA, further raising additional diagnostic and 

classification difficulties [44]. The current authors believe that the term “solid” OKC 

is a misnomer, as the entity actually consists of variably sized cysts and solid islands 

embedded in a fibrous stroma. The histologic distinction between KA and SOKC is 

important, as it has been suggested that KA may have a higher recurrence rate than 

SOKC [31]. Geng et al. identified two histologic criteria that may useful in 

distinguishing these entities. The prominent histologic pattern should determine the 

final diagnosis. This paired with the location of keratin formation, which in a KA 

presents as luminal lamellated keratinisation, may also be a helpful distinguishing 

feature [43]. When available, molecular testing may also be useful in distinguishing 

these rare entities. Zhang et al. recently screened nine cases of SOKC for BRAF 

V600E and PTCH1 mutations, finding only a single missense mutation for PTCH1. 

Of note, all nine cases were negative for BRAF V600E mutations, a mutation found in 

up to 90% of ameloblastomas [31]. These results should however be viewed with 
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caution as no clear criteria were defined to distinguish SOKC from KA. Carcinoma 

cuniculatum (CC) also represents an important entity in the differential diagnosis of 

KA [45]. Although this entity more commonly involves the plantar surface of the 

foot, oral manifestations are well reported in the literature. CC is a locally aggressive 

malignancy, often presenting with bone destruction. The histologic appearance of 

keratin-filled channels and cores lined by well-differentiated squamous epithelium 

gives rise to the so-called “rabbit-burrow” appearance. Neutrophilic microabscesses 

are a common feature of this entity [45, 46]. Overall, these features may result in the 

misdiagnosis of an infected keratin-forming cyst [45]. Primary intraosseous 

carcinoma (PIOC) is another keratinising malignant tumour of the jawbones that 

arises from odontogenic epithelium [3]. These may arise de novo, from odontogenic 

cysts or in rare instances from odontogenic tumours. PIOC typically resembles 

keratinising squamous cell carcinoma with varying degrees of dysplasia, allowing 

distinction from SOKC and KA [3, 22]. Moreover, the proportions of p53 and Ki-67 

positivity are significantly higher in PIOC, emphasising the utility of these 

immunohistochemical stains in the differential diagnosis of KA [31]. A good 

representative biopsy is key to avoid misdiagnosis by missing the subtle but important 

histologic features of KA, as described earlier.  

 

Several studies have highlighted the use of calretinin in distinguishing ameloblastoma 

from other odontogenic entities, in particular OKC [32-35]. Altini et al. demonstrated 

calretinin positivity in the epithelium of both unicystic and conventional 

ameloblastomas [32]. In both subtypes, calretinin expression occurred almost 

exclusively in the cells of the stellate reticulum-like epithelium [32]. DeVilliers et al. 

found that all cases of ameloblastoma showed positive calretinin staining, whereas 
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none of the OKC cases showed positive staining [33]. In contrast, none of the current 

cases showed evidence of calretinin staining in any of the tumour components. It is 

postulated that this may be due to the extensive central keratinisation at the expense 

of stellate reticulum-like areas, where calretinin expression is expected. Further 

studies are necessary to determine the expression pattern of calretinin in KAs. 

 

Keratoameloblastomas have been treated with resection accompanied by close clinical 

follow-up [16]. In the current review, 19 cases were treated by surgical resection and 

5 cases with conservative treatment. Recurrence was noted in 27% of resected cases 

and 50% of conservatively treated cases with follow-up information. Unfortunately, 

due to low absolute numbers and a lack of adequate follow up accurate conclusions 

on recurrence cannot be drawn. Due to limited data, the biological behaviour and 

prognosis of KAs are not well known [22]. However, it is well established that 

recurrence rate in conventional ameloblastomas is lower in cases treated via resection 

compared to conservative treatment [47]. 

 

Limitations of the current study includes its retrospective nature, resulting in limited 

clinical information for final analysis. This highlights the necessity for detailed 

recording of clinical information during the examination of a patient. The short 

follow-up periods of the current series and previously published cases makes 

assessment of the biological behavior and treatment outcomes difficult. Additionally, 

due to limited resources, no molecular testing was performed on any of the included 

cases. Future studies are necessary to better characterise the molecular aberrations in 

these rare odontogenic tumours.  
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Conclusion 

This case series reports seven additional cases of KA, taking the total to 26 reported 

cases. The majority of cases presented as asymptomatic swellings with either a 

unilocular or multilocular radiolucent appearance. The identification of subtle 

histologic features, including focal stellate reticulum-like central areas, subnuclear 

vacuolisation and lamellated-type central keratinisation, are key in diagnosing KA. 

Additionally, the radiologic signs will often indicate signs of aggressiveness such as 

cortical destruction, therefore differentiating from OKC. All cases were completely 

negative for calretinin IHC, limiting its use in distinguishing KA from OKC. Further 

large series are needed to expand on the current understanding of this rare variant of 

ameloblastoma.  
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