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Introduction

The term keratoameloblastoma (KA) was first proposed in 
1958 by Pindborg and Weinmann (1). In 1970, Pindborg 
described an unusual type of ameloblastoma consisting 
partly of keratinizing cysts and partly of tumor papilliferous 
appearance and suggested the term papilliferous KA. 
Later, described by WHO [1992] as an acanthomatous 
ameloblastoma (AA) with extensive areas of keratinization (2).

To the best of our knowledge, only 18 cases have been 
described in the English language literature, out of which 
only three cases have been reported from the Indian sub-
continent (Table 1) (3-16). This case is presented due to 
its rarity (soft tissue recurrence), and to lay emphasis on 
the need to differentiate it from other keratin producing 
intraosseous neoplasms (KPION), with review of literature.

Case report

A 27-year-old female reported with a complaint of slow 
growing swelling in the lower right back region of the jaw 
since 6 to 7 months. Initially there was no pain but later she 
experienced mild pain during mastication. Patient’s family 
history was noncontributory. She was apparently alright 
5 years back, and then developed a swelling in the same 

region which was diagnosed as KA. She was operated for the 
same in our institute. En-block resection of the mandible 
was preformed followed by reconstruction using titanium 
plate. She was on regular follow-up and after a period of  
3 years, iliac crest graft was placed.

The patient now presented with the facial asymmetry 
due to the swelling on the right side. It was approximately 
of 8 cm × 6 cm in its greatest diameter, which extended 
anterior-posteriorly, from corner of the mouth to the tragus 
of the ear; superior-inferiorly, below the zygomatic arch 
to angle of the mandible. The swelling was oval in shape, 
cystic, fluctuant, non-tender, non-pulsating in nature. The 
overlying skin was normal with no increase in temperature, 
and was also not fixed to the surrounding underlying 
structures. Her mouth opening was also restricted (2 cm). 
No other extra-oral abnormality was detected. Intra-oral 
examination also revealed a non-tender swelling of 5 cm × 
4 cm in diameter involving the right posterior mandibular 
(edentulous area) and floor of the mouth. Swelling was 
obliterating the lingual vestibule posterior to mandibular 
right second molar and also showed the presence of 
indentation (upper right molars). Her oral hygiene was fair 
with few stains and calculus. Axial computed tomography 
scans revealed soft tissue tumor mass on right side with 
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distinct borders, infiltrating into the masseter muscle (arrow 
marked). Involvement of superficial lobe of parotid gland 
was questionable. Tumor also showed infiltration into the 
medial pterygoid, mylohyoid and to some extent to the 
hyoglossus muscles, with indistinct borders (Figure 1A). 

Based on the history, clinical and radiographic examination 
a differential diagnosis of benign connective tissue neoplasm 
i.e., rhabdomyoma, leiomyoma and benign salivary gland 
neoplasm (pleomorphic adenoma) were considered, and a 
provisional diagnosis of recurrent ameloblastoma was made.

Figure 1 (A) Axial view CT scan showing soft tissue mass on the right side (Arrow marked); (B) tumor mass being exposed; (C) placement 
of SS reconstruction plate; (D) gross specimen in toto (entire tumor mass in one piece); (E) cut surface revealed numerous cystic spaces with 
creamish brown cheesy to solid material; (F) post-operative orthopantomograph showing placement of SS reconstruction plate with condylar 
implant.

A B

C

D E

F
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Incisional biopsy confirmed the diagnosis of recurrent 
KA. The patient was taken under general anesthesia for 
resection of the lesion. Inter-maxillary fixation was done to 
achieve the occlusion before placing the incision. A 10 cm  
long sub-mandibular incision was given and layer-wise 
dissection was done to expose the bone. Tumor mass was 
observed on the lingual side of the previously grafted bone 
(iliac crest). The tumor was exposed by osteotomizing the 
bone (Figure 1B). At one place the mandibular bone seemed 
to be eroded by the tumor. Eroded part of previously grafted 
iliac crest was resected, and the tumor was removed in toto 
(entire tumor mass in one piece), with  adequate disease 
free margins. During the process of resection the lesion got 
punctured and showed dark brown colored discharge. The 
previous reconstruction plate along with diseased bone was 
removed and a new 2.5 mm SS reconstruction plate with 
condylar implant was placed, which was secured with four 
12 mm × 2.5 mm long screws (Figure 1C). Hemostasis was 
achieved and wound was closed in layers.

Gross specimen received was oval in shape, brownish 
in color, firm in consistency and measured about 5.5 cm ×  

4 cm × 2.5 cm in greatest diameter (Figure 1D). Cut surface 
revealed numerous cystic spaces with creamish  brown 
cheesy to solid material (Figure 1E,F).

Imprint cytology showed numerous cells, having oval 
to slightly elongated hyperchromatic nucleus with sparse 
cytoplasm (odontogenic origin) arranged solitary or in 
aggregates (Figure 2A,B). Few polygonal cells having round 
to oval nucleus with abundant cytoplasm (squamous cell) 
were also appreciated (Arrow marked). Background stroma 
consists of flakes of keratin-like material within the sea of 
RBCs (Figure 2C,D). Hence, cytological findings were also 
suggestive of KA.

The tissue was routinely processed; serial sections were 
taken, and stained with hematoxylin and eosin (H&E). 
Histopathological examination revealed many areas of 
proliferating odontogenic epithelium in the form of follicle, 
nests, chords, plexiform pattern with multiple cystic spaces 
(Figure 3A,B). Odontogenic epithelium showed luminal 
papillary projections (Figure 3C,D) with tall columnar 
peripheral cells and stellate reticulum-like cells showing 
squamous metaplasia (Figure 3E,F). Extensive keratin 

Figure 2 (A,B) Imprint cytological smear showing numerous oval to slightly elongated hyperchromatic nucleus with sparse cytoplasm 
(odontogenic origin) arranged solitary or in aggregates; (C,D) few polygonal cells showing round to oval nucleus with abundant cytoplasm 
(squamous cell) (Arrow marked). Background stroma consists of flakes of keratin-like material within the sea of RBCs [(A) PAP, ×40; (B-D) 
PAP, ×100].

D

A

C

B
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Figure 3 (A) Photomicrograph exhibiting proliferating odontogenic epithelium lining the cystic lumen (H&E, ×40); (B) odontogenic 
epithelium proliferating in plexiform pattern of odontogenic epithelium (H&E, ×100); (C) papillary projections from odontogenic 
epithelium (H&E, ×100); (D) papillary proliferation of odontogenic epithelium within a collagenous connective tissue stoma (H&E, ×40); 
(E) extensive squamous metaplasia with in odontogenic islands lined by tall columnar ameloblast-like cells (H&E, ×100); (F) squamous 
metaplasia with keratin pearl formation (H&E, ×100); (G) “keratin filled cystic spaces” with keratin production in the stroma (H&E, ×100); 
(H) “keratin filled cystic spaces” with keratin production in the stroma (Krebergs Stain, ×100); (I) “curvilinear ribbons” of odontogenic 
epithelium within collagenized stroma, which is extruding a “lamellar stack of keratin” into the stroma without foreign body response (H&E, 
×100); (J) “pacinian-like” stack of keratin (H&E, ×100); (K) parakeratin packed elongated epithelial follicles showing lamellar arrangement 
of keratin forming “hair-like structures” (H&E, ×100); (L) formation of dentinoid-like material adjacent to odontogenic epithelium (H&E, 
×100); (M) dentinoid-like material (H&E, ×1,000); (N) dentinoid-like material with tubular structures (H&E, ×1,000); (O) granuloma with 
cholesterol cleft formation (H&E, ×100).

D E F

G H I

J K L

M N O

A B C
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production was appreciated within these islands (Figure 3F),  
in the connective tissue stroma without inflammatory reaction, 
and also within the cystic spaces “Keratin filled cystic spaces” 
(Figure 3G,H). Many areas showed presence of “Pacinian 
corpuscle-like stacks of lamellated keratin” (Figure 3I,J) 
and “hair-like appearance” (Figure 3K). Areas adjacent to 
epithelium showed homogenous eosinophilic areas resembling 
dentinoid-like material (Figure 3L,M) and few with dentinal 
tubules (Figure 3N). The background stroma was moderately 
collagenized with patchy distribution of inflammatory infiltrate 
and focal areas of cholesterol cleft formation was also observed 
(Figure 3O).

Based on these features, histopathological differential 
diagnosis of Solid Variant of Keratinizing Cystic 
Odontogenic Tumor (SKCOT), AA and Keratinizing 
Primary Intraosseous Squamous Cell Carcinoma (KPISCC) 
were considered (Table 2), and a final diagnosis of “KA 
complex histology/Kerato-odontoameloblastoma” was 
made.

Discussion

Ameloblastoma is a true neoplasm of enamel organ-type, 
tissue which does not undergo differentiation to the point 
of enamel formation. It has been described by Robinson as 
a benign tumor that is usually “unicentric, non-functional, 
intermittent in growth, anatomically benign, and clinically 
persistent” (17).

Ameloblastomas can undergo different forms of 
metaplasia, and are therefore highly polymorphic benign 
odontogenic tumors, giving rise to various histological 
variants like acanthomatous, granular cell, desmoplastic, 
basal cell, and clear cell ameloblastoma. The cause or the 
stimulus for this metaplasia is unknown; however, it is 
generally attributed to the multipotentiality of odontogenic 
epithelium (13). Formation of keratin in odontogenic 
tumor is a hallmark histopathological feature of AA, and 
is well recognized and documented (17). It results due 
to the squamous metaplasia of the stellate reticulum cell 
inside the odontogenic follicles, and can even further 
progress to keratin pearl formation (2). Another variant of 
ameloblastoma which shows extensive keratinization is KA, 
first proposed by Pindborg in 1958 (1). In 1992, World 
Health Organization (WHO) loosely defined KA as an 
ameloblastoma with an extensive keratin formation (18), 
though the recent WHO classification for Odontogenic 
Tumor has not mentioned this term. WHO accepted 
this lesion within the histological spectrum of AA due to 

keratinization (19). Norval et al. also suggested that the KA 
should be considered as a variant of AA (7).

The clinical and histopathological features of 18 reported 
cases of KA are summarized in Table 1. Most of the patients 
are from Indian origin followed by Caucasian, Japanese, 
Malaya, Chinese origin etc. Their age ranged from 21 to 
76 years, with a mean age of 42.3 years (fourth decade), and 
showed male predominance (Figure 4). It frequently involved 
lower jaw (Figure 5), with an affinity towards the posterior 
region i.e., body of the mandible & ramus (Figure 6).  
Although, availability of its clinical data is limited and it 
usually presents as a symptomatic swelling. Radiographically, 
majority showing multilocular radiolucency, few showed 
mixed radiographic pattern, indistinct margins or having 
ground glass appearance. Literature search also revealed 
wide variation in its histomorphologic features, and has 
been classified into four groups by Whitt et al., 2007 (2).

(I) Papilliferous histology: odontogenic epithelium 
shows papillary projections into the cystic spaces;

(II) Simple histology: odontogenic follicles are filled 
with parakeratin or ortho-keratin and lined by 
ameloblast-like cells showing reversal of polarity;

(III) Simple histology with KCOT-like features: shows 
similar features of simple type, in addition it 
contains features of conventional KCOT;

(IV) Complex histology: consists of epithelial follicles 
packed with parakeratin or orthokeratin, extrusion 
of keratin masses into connective tissue stroma in 
the form of “Pacinian-like stacks” with or without 
foreign body reaction.

KA shows enormous amount of keratin production, 
parakeratinization being the most frequently observed 
as compared to orthokeratinization. It differs from 
AA, which also exhibits squamous metaplasia of the 
stellate reticulum (with or without keratin production), 
by the presence of abundant keratin formation, within 
the connective tissue stroma (12). Description and 
comparison of similar other KPION’s is summarized in 
Table 2. Out of 18 reported cases (Figure 7); 5 cases each 
of complex KA & Simple KA with KCOT-like features 
were observed followed by simple KA & papilliferous KA  
(4 cases each). 

In KA, there is proliferation of ameloblastic epithelium in 
the form of follicles, showing keratinization with or without 
cystic areas. The initial case reported by Pindborg and 
Weinmann consisted partly of keratinizing cysts and partly 
of tumor islands with papilliferous appearance (1). Later, 
Altini et al. described a similar tumor that did not show the 
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Table 2 Differentiating features between keratin producing intraosseous neoplasm (KPION)

Features AA KA SKCOT KPISCC

Age Third to fourth decade Fourth decade Second and third decade Fifth decade

Sex M > F M > F M > F M > F

Location Mandible > maxilla  

(posterior mandible)

Mandible > maxilla  

(posterior mandible)

Mandible > maxilla  

(posterior mandible)

Mandible > maxilla  

(posterior mandible)

Pathogenesis Reduced enamel 

epithelium, cell rest of 

malassez, cell rest of 

serres, odontogenic 

cystic epithelium

Cell rest of serres Cell rest of serres Reduced enamel  

epithelium, cell rest of 

malassez, cell rest of 

serres, odontogenic  

cystic epithelium

Radiographic  

features

Expansile radiolucent 

lesion, unilocular/ 

multilocular

Expensile radiolucent lesion, 

unilocular/multilocular  

(sometimes mixed radiolu-

cency can be present)

Well defined unilocular/

multilocular radiolucent 

lesion, often showing  

corticated margins

unilocular/multilocular/

moth eaten radiolucent 

lesion

Connection with oral mucosa Absent Absent Absent Absent 

Odontogenic epithelium Present Present Present (corrugated cystic  

stratified squamous  

epithelium having tendency 

to separate from underlying 

stoma)

Present

Typical peripheral columnar 

to cuboidal cells showing 

reverse polarity

Commonly present Commonly present Commonly present Rarely present

Central cell representing 

stellate reticulum

Commonly present Commonly present Absent Absent 

Other patterns, plexiform, 

cords, nest, tubular etc.

Sometimes present Commonly present Absent Rarely present

Dysplastic features Absent Absent Absent Present

Squamous metaplasia Commonly present Sometimes present Rarely present Rarely present

Keratin formation Commonly present, 

within odontogenic 

epithelium

Commonly present,  

para > ortho keratinization 

(surface cystic epithelium, 

“keratin filled cystic spaces”)

Commonly present,  

para > ortho keratinization 

(surface cystic epithelium, 

“keratin filled cystic  

spaces”)

Commonly present,

Stromal keratin without the 

presence of odontogenic 

epithelium

Absent Commonly present Absent Absent

Abrupt lamellar keratinization Absent Commonly present,  

lamellated keratin “hair like 

structures”, “pacinian like 

stacks” 

Absent Absent 

Stroma Moderately  

collagenized 

Fibro-collagenized focal  

areas of myxoid  

degeneration with multiple 

microcyst

Moderately collagenized 

with multiple “daughter 

cyst” or “satellite cyst” or 

microcyst

Collagenized

Table 2 (continued)
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Table 2 (continued)

Features AA KA SKCOT KPISCC

Odontogenic hard tissue 

formation

Absent Sometimes present  

(resembling dentinoid-like, 

cementum-like material, 

woven bone)

Rarely present Absent

Necrosis Absent Absent Absent Rarely present

Cystic degeneration Sometimes present Sometimes present Sometimes present Rarely present

Inflammation with foreign body 

reaction

Absent, if present  

(secondary inflamed)

Absent, if present  

(secondary inflamed)

Absent, if present  

(secondary inflamed)

Absent, if present  

(secondary inflamed)

Cystic fluid Absent Thick cheesy white Straw colored to thick 

creamy material

Absent

Treatment Wide surgical excision 

with adequate disease 

free margins

Wide surgical excision with 

adequate disease free  

margins

Each case should be  

managed individually,  

considering factors such as 

the age and health of the 

patient, size of the lesion and 

risk of damage to adjacent 

structures (enucleation,  

carnoy’s solution,  

marsupialization &  

decompression or surgical 

excision with adequate  

disease free margins)

Radical surgical excision  

with adequate disease 

free margins, followed by  

radiotherapy or/and  

chemotherapy if required

Long-term follow-up Required Required Required Required

AA, acanthomatous ameloblastoma; KA, kerato-ameloblastoma; SKCOT, solid keratinizing cystic odontogenic tumor; KPISCC, keratinizing 

primary intraosseous squamous cell carcinoma.

papilliferous epithelium nor the extensive necrosis and debris 
in the follicles (5). The basis of papilliferous nature of the 
epithelium seems to be intercellular adherence and different 
rates of necrosis of individual cells. Separation of the necrotic 
cells from the remainder epithelium results in the formation 
of numerous pseudopapillary structures which project 
into the lumina of the cystic follicles (13). Cases lacking 
convincing histological evidence of typical ameloblastoma i.e., 

reversal of polarity has also been reported (5).
Brannon RB observed mural nodules of ameloblastoma as 

direct proliferations from the KCOT lining (20). Two widely 
opposed schools of thought have been proposed to explain 
the evolution of KA; (I) keratinizing ameloblastoma de novo 
and (II) ameloblastromatous transformation in a preexisting 
KCOT (2,21,22). A popular belief is that KCOT and 
ameloblastoma are distinct from each other (23). However, 

61%

39%

Gender

Male
Female

Figure 4 Distribution of gender (%) (18 published cases of KA). 
KA, keratoameloblastoma.

Figure 5 Jaw involvement (%) (18 published cases of KA). KA, 
keratoameloblastoma.

22%

78%

Jaw Involved

Maxilla
Mandible
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Figure 6 Distribution of location (%) (18 published cases of KA). 
KA, keratoameloblastoma.

Figure 7 Distribution of KA sub-types (%) (18 published cases of 
KA). KA, keratoameloblastoma.

it would seem probable that very occasionally, KCOT may 
provide the source of epithelium from which ameloblastoma 
can arise, because the epithelial lining of KCOT shares 
both phenotype (ameloblastic basal layer) and gene profile 
(expression of enamel matrix and odontogenic ameloblast-
associated proteins) with ameloblast-lineage cells (24,25). Siar 
and Ng reported the presence of KCOT-like features in the 
cystic elements of the tumor, and suggested it to be of “hybrid 
nature” (6). Others have advocated the inclusion of tumors 
with such histology into the spectrum of KA (8).

Few cases of KA have been described having a complex 
histomorphology with parakeratin packed epithelial follicles 
along with “Ribbons of epithelium” showing “Lamellar 
arrangement of keratin” forming “Hair-like structures” (10)  
or “Pacinian-like stacks” (2,12). Extrusion of keratin into the 
fibrous connective tissue stroma is generally seen with or 
without associated foreign body reaction. Presence of keratin 
in the stroma could be due to the extensive production & 
packing of the keratin within the follicles, and subsequently 
leading to the rupture and its extrusion into the stroma. 

It is a known fact that ameloblastoma do not undergo 
differentiation to the point of enamel formation, and 
is grouped under “odontogenic epithelium without 
odontogenic ectomesenchyme” (17). The present case 
showed presence of ameloblastic epithelium, enormous 
amount of keratin production, epithelium-mesenchymal 
induction (hyalinization) with variable amount of 
mineralization (dentinoid-like material). Authors have also 
reported cribriform or solid areas with squamous metaplasia, 
tubular structures, focal granular cell change, cementum 
or bone-like calcifications and necrotic debris within cystic 
lumina in KA (2,10,11). Sah K suggests that such a tumor 
(KA-like features with odontogenic hard tissue formation) 
can not be characterized as any subtype of ameloblastoma 
and should be termed as “Kerato-odontoameloblastoma 
(KOA)”. Based on the present reported case and literature 
review, Sah K would also like to propose a modification in 

the classification initially suggested by Whitt et al., 2007 (2).
(I) Papilliferrous histology;
(II) Simple histology;
(III) S imple  his tology with kerat iniz ing cyst ic 

odontogenic tumor (KCOT)-like features;
(IV) Complex histology:

(i) With odontogenic hard tissue formation 
“kerato-odontoameloblastoma”;

(ii) Without odontogenic hard tissue formation.
Presence of rapid mitotic rate (2.5/high-power field) 

has also been related with the biological potential of 
KA. Occurrence of necrosis and its recurrent behavior 
justify its classification as a carcinoma, and asserted that 
the papilliferous KA represents a papillary ameloblastic 
carcinoma (2).

Various treatment modalities have been described in the 
literature i.e., curettage, enucleation, segmental resection, 
hemi-mandibulectomy, and even its post-treatment follow-
up information is limited (Table 1). It was observed from 
the existing literature (18 cases of KA) that 21% cases of 
KA (n=18) showed recurrence, out of which 3 cases are 
of simple KA and one case of papilliferous KA (Figure 8). 
Though, local or distant metastasis or death from KA is not 
still reported.

The present case was initially (5 years back), diagnosed 
as KA (simple histology), which showed intraosseous 
involvement of the posterior mandible, and radiographically 
appeared as a unilocular radiolucency (17). The patient 
reported after 5 years with recurrence in the soft tissue 
where the primary lesion was located. 

Conclusions

Keratoameloblastoma is a very rare histopathological 
variant of ameloblastoma, still searching for its identity. 
Histopathological diagnosis of KA is exceptionally essential 
to differentiate it with other histopathologically similar 

22%

22%
28%

28%

KA Sub-type

Simple

Papilliferous

Simple with KCOT

Complex

33%

45%

22%

Location

Anterior
Posterior
Unknown
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KPION, particularly when handling and reporting from 
small biopsy specimen. Literature search revealed only 
handful of cases showing substantial variation, lacking 
proper documentation and follow-up. Such interesting 
cases should be carefully evaluated & recorded for the 
better understanding of its diverse clinical, radiological 
& histomorphologic nature, in order to classify them 
accordingly, and to formulate appropriate treatment 
modalities to curtail its recurrence.
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