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Controversies in Surgical Pathology

Introduction

Whereas odontogenic tumors are rare, odontogenic cysts 
are frequently encountered by diagnostic histopathologists. 
Of these, 50% to 60% are inflammatory radicular cysts 
(RCs), approximately 20% to 25% are developmental  
dentigerous (follicular) cysts (DCs), and 10% to 15% are 
developmental odontogenic keratocysts (OKCs; keratocys-
tic odontogenic tumor).1 The OKC is the only one of these 
3 entities to have specific histopathological features.

The potential for histopathological confusion between 
odontogenic cysts, particularly DC, and ameloblastoma has 
long been known.2-6 Ameloblastoma is the most common 
odontogenic tumor7 and has, in most cases, florid histological 

features that make diagnosis straightforward. However, cys-
tic degeneration of solid/multicystic ameloblastomas (SMA) 
may be extensive and produce the appearance of an innocu-
ous-looking cyst virtually identical to DC. Similarly, a uni-
cystic ameloblastoma (UA) lacking any intraluminal or mural 
component, that is, the luminal or simple variant,8-10 is also at 
risk of misinterpretation.
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Abstract
Aim. To determine how many ameloblastomas were misdiagnosed as dentigerous cysts (DCs) by correlating the radiological 
and histopathological features of a series of both entities. Methods and results. Histopathology reports and radiological 
imaging of 135 DCs and 43 ameloblastomas were reviewed. Any clinical or radiological feature that suggested that the 
diagnosis of DC was wrong—for example, absence of an unerupted tooth—prompted review of the original histology. 
A total of 34 cases coded as DC at diagnosis were excluded; in the remaining 101 patients, the clinicoradiological and 
histopathological features were consistent with DC in 96 (95.0%). Review of the histology revealed that 4 patients had 
actually had odontogenic keratocysts (OKCs) and one a luminal/simple unicystic ameloblastoma (UA). One other OKC 
and 3 other ameloblastomas (1 luminal UA, 2 solid/multicystic) had originally been diagnosed as DC; these had been 
identified prior to the study. Of the 9 misdiagnosed patients, 6 were ≤20 years old. Clinically, DC had been the only, 
or one of the differential, diagnoses in 7 patients; in the other 2, the clinical diagnosis was radicular cyst. In none of the 
4 misdiagnosed ameloblastomas was the radiology compatible with a diagnosis of DC. Incorrect terminology had been 
used on the histopathology request form in 5 of the 34 excluded cases where the clinical diagnosis was DC, despite the 
cyst being periapical to an erupted carious or root-filled tooth. Conclusions. The entire clinical team must ensure that 
a histopathological diagnosis of DC is consistent with the clinicoradiological scenario, particularly in younger patients.
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The recently updated Tissue Pathways for Head and 
Neck Pathology issued by the Royal College of 
Pathologists11(8) states that “Clinical information and, pref-
erably, examination of radiographs is required for accurate 
diagnosis” of cysts of the jaws. Whereas OKCs and amelo-
blastomas can involve (or replace) any teeth, RCs are char-
acterized by their location adjacent to the root of a nonvital 
tooth, usually at its apex. DCs specifically develop around 
the crown of an unerupted, usually impacted, tooth and are, 
therefore, most commonly associated with third molars and 
maxillary canines; a location elsewhere is unusual.

Distinguishing between DC and ameloblastoma is 
essential because the contrast in treatment is stark. 
Whereas DCs and UAs lacking mural invasion respond 
to enucleation, all other ameloblastomas require resec-
tion with an adequate margin of normal tissue if recur-
rence is to be avoided.12,13 The aim of this study was to 
determine how many ameloblastomas (or other lesions) 
were misdiagnosed as DCs by reviewing a series of both 
entities treated in 1 institution and correlating the radio-
logical and histopathological features.

Materials and Methods

The project was registered with the hospital’s Department 
of Clinical Audit (project number 1663).

Dentigerous Cysts

Diagnoses of DC made between April 2012 and December 
2015 inclusive were identified by searching on the appro-
priate morphological code (M26560).14 The histopathol-
ogy report was reviewed in each case, and the age, gender, 
and cyst location were recorded. A note was made of 
whether the radiological appearances were commented on 
by the diagnosing histopathologist. The 4 picture archiving 
and communications systems (PACS) accessible from the 
hospital’s computers were searched for the preoperative 
imaging for each case. If it could not be located, the hospi-
tal notes were searched for the presence of a hard copy. 
Where the clinical history or radiological appearance indi-
cated that the cyst was not associated with an unerupted 
tooth or associated with a tooth other than a third molar or 
maxillary canine, or the cystic radiolucency was more 
extensive than that expected for a DC, or there was any 
other reason to suspect that the diagnosis of DC was anom-
alous, the original histological sections were reviewed.

Ameloblastomas

Ameloblastomas which had been treated between August 
2004 and December 2015 inclusive were identified from 
departmental records. Data regarding age, gender, and 
tumor location were recorded. Where possible, the 

preoperative imaging was reviewed to determine whether 
the tumor was associated with an unerupted tooth.

Results

Dentigerous Cysts

The typical radiological appearance of a DC is shown in 
Figure 1A. Within the 45-month period, there were 139 
entries for 135 patients. Reference was made in the histopa-
thology report to the radiological features in 8 (5.8%) 
patients. In 20 patients, the M26560 code had been entered 
inappropriately: these comprised 7 RCs, 1 residual cyst, 5 
OKCs, 1 nasopalatine cyst, 3 orthokeratinized odontogenic 
cysts, 2 lesions that were not classifiable, 1 patient who had 
undergone simultaneous biopsy of a RC, and a residual cyst 
from different sites. One of the miscoded OKCs had been 
misdiagnosed as a DC 9 years previously. Another of the 
135 patients had a luminal/simple UA, which was initially 
misdiagnosed as a DC (and therefore coded M26560) but 
was correctly diagnosed on second biopsy.

In 5 of the miscoded cases, incorrect terminology had 
been used on the histopathology request form; these com-
prised 4 RCs and a residual cyst in which the clinical diagno-
sis was stated to be DC. The 4 RCs were clearly located 
periapical to carious or root-filled teeth. Furthermore, they 
were located at unlikely sites for a DC—namely, a maxillary 
lateral incisor, a maxillary second premolar, a maxillary first 
molar, and a mandibular first molar. The residual cyst was 
located at the site of a recently extracted maxillary lateral 
incisor. In these 5 cases, the histopathology request form had 
been completed by a member of junior surgical staff.

The radiological imaging, that is, a dental panoramic 
tomogram (DPT) and/or computed tomogram (CT), was 
found in 101 (88.6%) of the remaining 114 patients. 

Figure 1. A. DPT showing typical DC producing halo-like 
radiolucency around the impacted right mandibular third molar 
(arrow) in a 35-year-old woman. The 3 other third molars 
are also impacted but without DC formation. B. Misdiagnosed 
SMA; DPT taken prior to the first biopsy shown in Figure 2. 
The radiolucency (arrow) extends from the right mandibular 
canine to the left mandibular (probably second) premolar, thus 
affecting 7 teeth. The teeth are all fully erupted, and there is 
no evidence of an unerupted tooth. This radiological scenario 
excludes a diagnosis of DC.
Abbreviations: DPT, dental panoramic tomogram; DC, dentigerous 
cyst; SMA, solid/multicystic ameloblastoma.



Barrett et al 143

Clinicoradiological anomalies prompted review of the histol-
ogy in 28 patients, which revealed misdiagnoses in 5 (5.0%). 
Four cysts proved to be OKCs; the other cyst was a luminal/
simple UA. All 5 were associated with unerupted teeth, but 
the radiolucencies were either extensive or the cyst was not in 
a true dentigerous relationship. These 5 cases are listed in 
Table 1 together with the misdiagnosed OKC, the UA diag-
nosed on second biopsy referred to above, and 2 SMAs that 
were also known about prior to the commencement of the 
study (see below). Thus, misdiagnosis occurred in 9 patients, 
of whom 6 were ≤20 years old. Clinically, DC had been  
the only diagnosis, or one of the differential diagnoses, in 7 
patients; in the other 2, the clinical diagnosis was RC.

The imaging proved unobtainable in 13 patients; thus, the 
histopathological diagnosis of DC was confirmed clinicora-
diologically in 96/101 (95.0%) patients (mean age = 43.1 
years [range = 8-84 years]; 61 (63.5%) of male, 35 (36.5%) 
female). In 2 patients (2.1%), there was apparent recurrence 
but no radiological or histopathological reason to revise the 
diagnosis of DC. In 71/96 (74.0%) patients (mean age = 46.8 
years [range = 17-84 years], 48 male, 23 female), an impacted 
mandibular third molar was the source of the DC; in 6 (6.3%; 
mean age = 41.0 years [range = 11-61 years], 3 male, 3 
female) it was a maxillary third molar, and in another 6 (6.3%; 
mean age = 31.0 years [range = 8-75 years], 5 male, 1 female), 
it was a maxillary canine. Thus, in 13 (13.5%) patients, the 
location of the DC was unusual; the features of these patients, 
7 of whom were 17 years old or less, are outlined in Table 2.

Ameloblastomas

A total of 43 cases of ameloblastoma were identified, includ-
ing the 2 UAs and 2 SMAs referred to above (Table 1). The 
tumors occurred in 29 (67.4%) male and 14 (32.6%) female 
patients, with a mean age of 47.2 years (range = 12-88 
years). The mandible had been involved in 36 (83.7%) and 
the maxilla in 7 (16.3%). Six tumors were known to have 
recurred after a definitive resection, but because 5 others 

Table 1. Cases Misdiagnosed Histologically as DC.

Gender/
Age Site

Feature Anomalous 
for DC Clinical Diagnosis

Correct 
Diagnosis Follow-up

F 17 Mandibular third molar Large radiolucency Differential: DC, OKC OKC One year, no recurrence
M 20 Maxillary third molar Large radiolucency DC OKC 18 Months, no recurrence
M 20 Mandibular third molar Large radiolucency Differential: DC, 

ameloblastoma
OKC 18 Months, no recurrence

M 16 Mandibular third molar Large radiolucency DC OKC 18 Months, no recurrence
M 16 Mandibular second 

molar
Site and radiolucency 

associated with 
roots

Dental/RC unerupted 
tooth

UA (luminal/
simple 
type)

Three years, no recurrence

M 12 Maxillary second 
premolar

Site and absence of 
impacted tooth

Differential: OKC, DC, 
ameloblastoma

UA (luminal/
simple 
type)

Three years, no recurrence

M 38 Mandible—
parasymphyseal

Site and absence of 
impacted tooth

Differential: OKC, DC, 
ameloblastoma

SMA Recurred after 20 months; 
no further recurrence in 4 
years postresection

F 38 Mandible—
parasymphyseal

Site and absence of 
impacted tooth

RC SMA Recurred after 7 years; no 
further recurrence in 6 
years postresection

M 57 Mandible (not 
otherwise specified)

Referral—radiograph 
unavailable

DC OKC Recurred after 9 years; no 
further recurrence in 3 
years

Abbreviations: F, female; M, male; DC, dentigerous cyst; OKC, odontogenic keratocyst; UA, unicystic ameloblastoma; SMA, solid/multicystic 
ameloblastoma; RC, radicular cyst.

Table 2. DC Associated With Teeth Other Than Third 
Molars and Maxillary Canines.

Gender/Age (years) Tooth Involved

F 9 Mandibular second molar
F 9 Mandibular canine
F 10 Maxillary second molar
F 10 Mandibular canine
F 10 Mandibular second premolar
M 11 Mandibular first molar
F 17 Mandibular second premolar
M 38 Mandibular canine
F 52 Mandibular second premolar
M 79 Mandibular canine
M 35 Supernumerary (anterior maxilla)
M 45 Supernumerary (anterior maxilla)
F 55 Supernumerary (anterior maxilla)

Abbreviations: DC, dentigerous cyst; F, female; M, male.
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were referrals with unknown follow-up, more may have 
done so. In the 2 SMAs that had been misdiagnosed as DCs, 
the correct diagnosis was reached when they recurred—
after 20 months in 1 case and 7 years in the other. One of the 
misdiagnosed SMAs was queried clinically as a RC associ-
ated with a mandibular lateral incisor but, bizarrely, had 
been diagnosed histologically as a DC despite showing 
obvious features of a SMA. In the other missed SMA, a dif-
ferential diagnosis of OKC, DC, and ameloblastoma (in that 
order) was offered on the request form of the first biopsy, 
which showed attenuated histological features (Figure 2A). 
The tumor was then enucleated, microscopy showing a cyst 
lacking any mural infiltration (Figure 2B). However, closer 
examination revealed eosinophilic “parachute” or 
“umbrella” cells at the luminal surface of the epithelial cyst 
lining (Figure 2C) and, at high power, palisading and 
reversed nuclear polarity of the basal layer and crowding of 
the parabasal strata (Figure 2D). Furthermore, fragmented 
follicles of tumor were present in the pooled hemorrhage on 
one aspect of the sample (Figure 2E), and when the tumor 
was excised, the features were those of a typical SMA 
(Figure 2F). Crucially, in all 4 misdiagnosed ameloblasto-
mas, examination of the preoperative DPT would have pre-
cluded a diagnosis of DC (Figure 1B).

The preoperative imaging was available for 32 other 
patients, in 8 (18.6%; mean age = 29.8 years [range = 
20-49 years]; 5 patients were ≤27 years old) of which the 
tumor appeared to have a dentigerous relationship with an 
involved tooth. Immunohistochemistry for calretinin was 
performed on 11 tumors; expression in the stellate reticu-
lum-like component was present in 6 but was focal in 3 of 
these. The layer deep to the luminal parachute/umbrella 
cells was positive in one of the misdiagnosed UAs and the 
misdiagnosed SMA shown in Figures 2A to 2F (Figure 
2G). However, the other UA was negative. The other mis-
diagnosed SMA had not been tested for calretinin. CD56 
was tested in 12 tumors, 9 of which showed basal layer 
expression, albeit focal in 4. CD56 was negative in both 
misdiagnosed UAs, and the only areas positive in the mis-
diagnosed SMA shown in Figures 2A to 2F were the folli-
cles found in the hemorrhage at the edge of the sample. 
The other misdiagnosed SMA showed the expected and 
basal and parabasal expression of CD56 (Figure 2H).

Discussion

This study brought to light 5 misdiagnoses, 4 OKCs, and 1 
luminal/simple UA (Table 1), the other OKC and 3 amelo-
blastomas having been identified beforehand. The data 
highlight the importance of radiology in the accurate diag-
nosis of odontogenic cysts and tumors; none of the 4 mis-
diagnosed ameloblastomas had radiographic features of 
DCs (Figure 1B), and the diagnosis of DC should have 
been excluded on this basis; extensive radiolucencies of 

the jaws should always bring OKC and ameloblastoma to 
mind. Although less destructive than ameloblastomas, 
OKCs are much more likely than DCs to recur: 5% to 62% 
may do so.1 The inappropriate clinical diagnoses of DC 
where the clinicoradiological scenario was clearly that of 
RC raises the possibility that some junior surgical staff are 
unaware of the definition of a DC. The histopathological 
diagnosis of DC, when RC had been queried clinically, in 
one of the misdiagnosed SMAs suggests that the diagnos-
ing histopathologist was also unaware that the absence of 
an unerupted tooth renders a diagnosis of DC untenable. 
The importance of correct terminology cannot be overem-
phasized. As Kramer3 observed, the least suitable areas for 
diagnosis of ameloblastoma are those most easily biop-
sied; where the tumor has undergone marked cystic degen-
eration, the epithelium may become so flattened as to give 
no clue that it is neoplastic, an appearance that may be 
compounded by stromal degeneration.3,6 If the expanded 
locule of a SMA has been biopsied, and histology shows a 
cyst lined by a thin layer of epithelium, the histopatholo-
gist may well regard the features as consistent with a DC if 
this is the surgeon’s provisional diagnosis.1 Clearly, sur-
geons and histopathologists dealing with odontogenic 
cysts should be aware of their definitions. Although 
absence of an unerupted tooth precludes a diagnosis of 
DC, the converse is not the case with ameloblastoma. 
SMAs may be associated with unerupted teeth15 (38% in 
one series),16 as may 50% to 80% of UAs, mostly in young 
patients.9,10 Indeed, Robinson and Martinez10(2278) stated 
that “the clinical and radiographic presentations and gross 
features of UA, when it develops in relation to an unerupted 
tooth, are indistinguishable from those of DC.”

In this series, the diagnosis of DC was confirmed in at 
least 95% of patients. In contrast, Dunsche et al17 were able 
to boast 100% accuracy. Distinguishing histologically 
between ameloblastoma and DC is straightforward if the 
appearances are those seen in Figure 2F, but the fields 
shown in Figures 2A to 2D (from the same tumor as Figure 
2F) were misinterpreted as a DC and could all represent  
a luminal/simple UA. This case also reinforces the  
importance of following up all UAs, even when there is no 
apparent mural invasion. Vickers and Gorlin4 specified 
palisading, reversal of nuclear polarity, cytoplasmic clear-
ing, and nuclear hyperchromatism of the basal cell layer as 
the hallmarks of ameloblastoma, which declare the diagno-
sis even in those that are predominantly cystic. However, 
cytoplasmic clearing of the basal layer was absent in all 4 
misdiagnosed ameloblastomas (Figure 2D). Thus, Gardner5 
regarded basal layer palisading as the only reliable, omni-
present histological clue to an ameloblastoma, although 
this feature is also seen in OKCs and may even occur 
focally in DCs and RCs. Other features that may be helpful 
include the presence of mucous metaplasia in the epithelial 
cyst lining, which mitigates against an ameloblastoma, 
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Figure 2. A. Misdiagnosed SMA in a 38-year-old man: medium power photomicrograph of the first biopsy. The sample consists 
of ribbons of detached epithelial cystic lining showing subtle palisading and nuclear hyperchromatism of the basal layer (arrows). 
B. Second biopsy (an enucleation) of the same tumor at low power showing features consistent with a luminal/simple UA (but 
diagnosed as a DC). There is a fibrous cyst wall lined by odontogenic epithelium of regular thickness. No tumor islands are 
present in the cyst wall. C. At higher power, there are eosinophilic parachute/umbrella cells at the luminal surface (arrows). D. 
High-power detail showing palisading and reversed nuclear polarity of the basal layer (short arrows), crowding of the parabasal 
layers, and luminal parachute/umbrella cells (long arrows). E. On one aspect of the cyst, in a pool of hemorrhage, are follicles of 
ameloblastomatous epithelium (arrows). F. Representative field at low power of the third biopsy (a partial mandibulectomy). The 
features are typical of SMA. G. Immunohistochemistry shows expression of calretinin by the layer of cells immediately deep to 
the luminal parachute/umbrella cells (arrow), which are negative. H. Different misdiagnosed SMA in a 38-year-old woman showing 
expression of CD56 in all but the most superficial strata. The parachute/umbrella cells (arrow) are negative. Hematoxylin and eosin 
(A-F); immunoperoxidase (G, H).
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with only 6 ameloblastomas containing such cells ever hav-
ing been reported.18-22 Extravasated cholesterol is also 
unlikely in an ameloblastoma.3 In contrast, DCs do not 
show the degree of parabasal cell crowding that may be 
present in an ameloblastomatous cyst (Figure 2D). One 
other feature, scarcely documented in standard texts but 
particularly useful where a UA or only a cystic area of a 
SMA has been biopsied, is the presence of eosinophilic, so-
called parachute or umbrella cells at the luminal surface 
(Figures 2C, 2D, 2G, 2H). Immunohistochemistry may 
show reciprocal expression of CD56 and calretinin (Figures 
2G, 2H), which is noteworthy because both are absent in 
DCs,23,24 but on the whole (and consistent with our find-
ings), immunohistochemistry is inconsistent in odonto-
genic cysts and tumors.25

Since this study was completed, it is the policy that a 
specialist oral and maxillofacial pathologist reviews the 
radiology of all cystic lesions of the jaws and states in 
the histopathology report that the issued diagnosis is 
compatible with the clinicoradiological scenario. We 
would recommend that a similar policy be adopted in all 
units where odontogenic cysts are reported, but realize 
that this may not be universally practical. Although the 
availability of modern web-based PACS makes the radi-
ology easy to find, the hectic day-to-day routine may not 
allow time to review the imaging of every odontogenic 
cystic lesion that arrives for routine histopathological 
reporting; and anyway, many histopathologists may not 
regard themselves adequately trained in maxillofacial 
radiology to accurately interpret a DPT or CT of the 
jaws. The difficulty may be compounded if (as is the 
case in our hospital) radiologists are not required to 
issue a formal report on DPTs. Nevertheless, a histopa-
thologist omitting to review the radiology of a clinically 
presumed DC, which later proves to be an ameloblas-
toma, may find this the basis of an accusation of negli-
gence. Although there are recommendations with respect 
to radiology in histopathological reporting of odonto-
genic cysts,11 currently there is no audit standard to work 
to. Therefore, based on the data reported here, a working 
compromise would be the review of the imaging in 
patients ≤20 years old, by liaising with a radiologist or 
surgeon if necessary. Such a policy would have covered 
6 of the 9 misdiagnosed patients in Table 1, and 7 with 
DC at atypical sites in Table 2.

In conclusion, the clinical team must ensure that a his-
topathological diagnosis of DC is consistent with the clini-
coradiological scenario, particularly in younger patients. If 
a DC is excluded on radiological grounds and the histopa-
thology is equivocal, a further, adequate biopsy must be 
submitted; ideally, the entire epithelial lining should be 
available for the diagnosis of an odontogenic cyst. If doubt 
persists, the opinion of a specialist oral and maxillofacial 
pathologist should be sought.
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