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Preface

The purpose of this textbook is to guide diagnosti-
cians of all skill levels in generating a diagnosis for
lesions affecting the face and jaws. Although its
primary readership will be oral and maxillofacial
and head and neck specialists, much of it is rele-
vant to the general and specialist dentist and senior
dental student, who, in service of the community
at large, are most likely to encounter these lesions
first. Therefore, the figures are appropriately
detailed to facilitate comprehension and correla-
tion with current standard textbooks with which
the dentist is likely to be familiar.

This book focuses on new and/or important
lesions and their appropriate imaging needs. These
imaging needs include the modalities of helical and
cone-beam computed tomography, magnetic reso-
nance imaging, and positron emission tomogra-
phy. Ultrasonography is introduced.

Over the last decade, imaging in dentistry has
been substantially transformed by the advent of
cone-beam computed tomography. The moderate-
to-large fields of view of this modality display the
base of the skull and the neck. Although these
regions are the proper interpretative remit of the
medical radiologist, the nonradiologist reader
should be able to recognize any abnormality that
may be displayed in these regions so that it can be
appropriately referred for diagnosis by a radiolo-
gist. This book bridges the gap between current
textbooks in oral and maxillofacial radiology and
those of head and neck (medical) radiology by
including Chapters 16, 17, and 18, cowritten with
a medical radiologist and dedicated to the more
common and important lesions likely to be imaged
in the neck and base of the skull.






ORAL AND
MAXILLOFACIAL
RADIOLOGY

A DIAGNOSTIC APPROACH






Part 1

Introduction







Chapter 1

Basics of radiological diagnosis

Introduction

The clinician should understand how the image is
made and the normal anatomy and its variants in
order to be able to identify artifacts, particularly
those that can mimic the appearance of disease.
Although these elements, as they present on conven-
tional radiography, are addressed in detail by the
wide range of dental radiology texts currently avail-
able, this textbook’s figure legends note features
caused by incorrect panoramic technique, artifacts,
and variations of normal radiographic anatomy.
Figure 1.1 outlines the main attributes of the imaging
modalities that are featured in this textbook. These
imaging modalities have been broadly divided into
conventional radiography and advanced imaging.
Diagnosis in oral and maxillofacial radiology
is most frequently based both on the clinical find-
ings (including presenting complaint and history)
and on the features observed on conventional
radiographs. A definitive diagnosis is possible for
a large proportion of lesion types that present to
the primary care dentist. These lesions do not
include just those lesions of inflammatory origin
that present as periapical radiolucencies (on histo-
logical examination: granuloma, periapical cyst, or
periapical abscess) and condensing osteitis, but
also dentigerous cysts and dense bone island (also
known as idiopathic osteosclerosis). They are not
only the most frequently occurring lesions affect-
ing the jaws, but a majority of them also have
distinctive clinical and radiological presentations.
Some other lesions such as florid osseous dyspla-
sia, the cementoblastoma, the compound odon-
toma, and some cases of odontogenic myxoma can
be definitively diagnosed solely on their radiologi-
cal appearance. In those situations where a defini-
tive diagnosis is not possible, a differential diagnosis
should be developed. This will consist of two or

Oral and Maxillofacial Radiology: A Diagnostic Approach,
David MacDonald. © 2011 David MacDonald

more lesions. Such cases are frequently referred to
a specialist as much for a diagnosis as for treat-
ment. In order to assist the reader in his/her diag-
nosis this textbook is illustrated throughout with
diagnostic flowcharts.

There is an expectation that the images
created should adequately display the area of clini-
cal interest with the purpose of addressing those
clinical questions that indicated the need for the
investigations. Thus the image or images should
display the entire area of pathology and be free of
artifacts. Therefore, an unerupted third molar
should not only include the entire tooth and its
follicle, but also at least a clear margin of 1 mm
around them. This would allow the clinician to
determine whether it is close to the mandibular
canal or any other adjacent structure.

An example of inadequacy of the radiography
resulted in a Canadian dental malpractice case that
continued for 12 years through at least five courts
before it was concluded, presumably settled.' The
only positive result of this failure to include only
98% of a third molar was its not insignificant con-
tribution to Canadian law specifically and common
law in general. From reading the case it is abun-
dantly clear that if an adequate radiograph or
radiographs had been taken in the first instance
this case would have had little grounds upon
which to proceed, and the spilling of so much legal
ink and personal and professional distress would
have been avoided.

Radiographs are prescribed for three reasons,
diagnosis, presurgical planning and follow-up.
Those prescribed for the purpose of diagnosis and/
or presurgical planning should be made prior to
biopsy because this can change the radiology of
the lesion appreciably. This is particularly so with
regard to advanced imaging such as helical com-
puted tomography (HCT) and magnetic resonance
imaging (MRI). Two cases demonstrate the effects
of biopsy prior to HCT.

The biopsy of an odontogenic myxoma, a
locally invasive benign neoplasm, prior to HCT,



Modalities used in oral and maxillofacial radiology
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Figure 1.1. The modalities used in oral and maxillofacial radiology. This is an overview of the main imaging modalities, including remarks concerning their
clearest clinical uses, relative advantages over other modalities, and limitations of use.
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Figure 1.2. A computed tomograph of an odontogenic myxoma carried out after the lesion had been biopsied. The biopsy
site still has its dressing in place (Figure 1.2a and 1.2b). As a result there was enhancement (Figure 1.2c) by the intrave-
nous contrast at the site biopsied that is more likely to reflect hyperemia in response to the trauma of surgery. Note: All
the major blood vessels including the facial and lingual arteries are enhanced in Figure 1.2c. Figure 1.2c reprinted with
permission from MacDonald-Jankowski DS, Yeung R, Li TK, Lee KM. Computed tomography of odontogenic myxoma.

Clinical Radiology 2004;59:281-287.

provoked an inflammatory response within the
depth of the lesion, which was enhanced by the
intravenous contrast (Figure 1.2). Contrast is rec-
ommended for lesions, which include a neoplasm
or a vascular lesion in their differential diagnosis.
This, with regard to neoplasms, is important to
determine local invasion of adjacent soft tissues,
which would need to be resected along with the
rest of the neoplasm.

Figure 1.3 displays a case of fibrous dyspla-
sia, which caused a substantial expansion of the
affected mandible. When it was first seen by gen-
eral surgeons unfamiliar with its manifestation in

the jaws they performed multiple biopsies. These
biopsies created their own artifacts on a subse-
quent HCT. These artifacts were loss of cortex and
dysplastic tissue exuding through a biopsy site.
Conventional radiography will be the first
imaging modality to be prescribed to investigate
further a lesion occurring within the bony jaws
obvious to or suspected by the clinical history
and/or examination. For the majority of lesions
affecting the jaws, conventional radiography is
likely to be the sole imaging modality deemed
clinically necessary. The principal advantages of
conventional radiography are its superior spatial
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Figure 1.3. This is a bone-window axial computed tomog-
raphy of fibrous dysplasia affecting the vertical ramus of
the mandible. The cortical defects are the result of several
biopsies performed prior to referral for computed tomogra-
phy. Such operations can largely invalidate any clinically
important radiological findings because these, if errone-
ous, could lead to a wrong diagnosis and inappropriate
treatment. Note: Radiology is very central to the diagnosis
of specific fibro-osseous lesions, discussed later.

resolution (especially of the intraoral technologies),
low radiation dose, and low cost. It is also available
in the dental office or surgery. It is most likely that
this prescription will include a panoramic radio-
graph that may be accompanied by intraoral radio-
graphs. These images may be in either analogue
(film) or digital format. An overview of the various
conventional radiographic technologies is set out in
Table 2.1. The panoramic radiograph permits an
overview of the jaws from condyle to condyle. It
also permits comparison between sides. These
premises can be valid only if the patient is properly
positioned within the panoramic radiographic unit
exposed by the most appropriate exposure factors
and the image is properly developed. Finally it is
also expected that the resultant image is properly
reviewed (read) under optimal viewing conditions
(see Chapter 2). To reiterate, all prescriptions for a
radiological investigation must be based upon a
thorough clinical examination. Although there is
little, if no, place for routine radiographic screening
in the modern practice of dentistry, every image

should be carefully reviewed to identify any pathol-
ogy that may be incidental to the patient’s com-
plaint and the results of the clinical examination.

The panoramic radiograph in addition to per-
mitting determination of the specific features of the
lesion or suspected lesion that prompted its making,
can also reveal macroscopic abnormalities such as
size differences and changes in a specific anatomi-
cal location (Figure 1.4) Furthermore, it can com-
pliment the clinical examination by confirming
defects in the dental development, such as the
number, eruption, size, and even structure of the
teeth (Figure 1.5). Because these features have
been fully addressed in other texts and are gener-
ally well understood, space constraints preclude
offering images of them here.

The various lesions, occurring within the face
and jaws, often present with similar features at
certain stages. Most will at some stage present as
a radiolucency as they create space for further
growth within the bony jaws. The borders of this
radiolucency give a further clue as to their intrinsic
behavior. Encapsulated benign neoplasms and
many uninfected cysts grow at a moderate pace
and are generally well defined. They may even
have a cortex. Infected lesions and malignancies
are generally associated by a poorly defined margin
reflecting their more aggressive infiltrative expan-
sion into previously normal bone. Sometimes, if
the infected lesion becomes less virulent the adja-
cent bone may respond by laying down more bone
on the trabeculae resulting in sclerosis.

Slow-growing lesions, such as most cysts and
encapsulated neoplasms, can displace teeth and
adjacent structures such as the mandibular canal
and cortices. More aggressive lesions are more
likely to resorb them. Some malignancies, such as
a squamous cell carcinoma, will destroy structures
with very little displacement, whereas others will
provoke a periosteal reaction such as the onion
layer typical of osteogenic sarcoma or Ewing’s
tumor. Such periosteal reaction can occur in chronic
osteomyelitis. Such periosteal reactions are fre-
quently seen in the extragnathic skeleton® but are
infrequently seen in the jaws.

After the lesion has been properly imaged and
reviewed the clinician reaches the point at which
s/he wants to identify the lesion. Because the aim
at this stage is to achieve, if possible, a definitive
diagnosis it follows that this is best accomplished
if the images of the lesion have been scrupulously
reviewed. To this end I developed the rule of the
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Figure 1.4. Classification of macroscopic abnormalities.
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Developmental lesions of dental lamina origin
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Figure 1.5. Classification of developmental lesions of dental lamina origin.



“Five S’s” (shade, shape, site, size, and surround-
ings) and its ancillary “Three D’s” (diameter,
density, and displacement. There are many lesions
that can be definitively diagnosed at this stage, but
many others require further investigations, which
could include advanced imaging.

In order to ensure that the most appropriate
investigations are applied, the provisional diagno-
sis should be restricted to no more than 3 lesions
if possible, placing the most likely in the first posi-
tion so the most appropriate investigation can be
performed to determine whether it is that lesion.
An important exception to this “most likely” rule
is potential seriousness of outcome of the lesions.
Table 1.1 compares clinical outcomes according to
a 10-step (0 through 9) hierarchy of seriousness of
outcomes. The higher placed lesions have the more
serious outcomes.

The selection of the lesions can vary among
clinicians depending upon that particular lesion’s
presentation and frequency within a particular cli-
nician’s patient pool. The age, gender, and ethnic
origin of the particular patient and site of predilec-
tion are perhaps overemphasized in most teach-
ing programs. The main problem with this is that
many lesions frequently present first outside their
expected age ranges. Occasionally, this expected
age range may simply be out of date. An example
is fibrous dysplasia; the majority in a recent system-
atic review first presented in the third decade and
older. If the predilection of a lesion is less than 80%
for a particular feature, its value as a major diag-
nostic tool should be discounted unless it may hint
at a serious lesion that should not be overlooked or
inappropriately treated. One such lesion is the ame-
loblastoma, the most common odontogenic neo-
plasm globally. This 80% limit is reflected in the
receiver operating characteristics’ (ROC) area under
the curve (AOC).2

Another source for inaccuracy is that lesions
are often superficially reported as relative period
prevalence (RPP), which is not only dependent upon
their proportion but on that of the other lesions
within the same group of lesions, such as odonto-
genic neoplasms. The RPP not only varies between
communities,* but it is also dependent upon the
edition of the World Health Organization (WHO)
classification of odontogenic neoplasms used. Many
previously classified odontogenic neoplasms are no
longer formally considered as such. An example is
the cementifying fibroma (then later combined with
the “ossifying fibroma”, previously considered to be
a separate lesion, as the cemento-ossifying fibroma),
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once considered by the 1971 WHO edition® to be
an odontogenic neoplasm is now considered to be
a wholly osseous neoplasm, the ossifying fibroma.
Some other lesions are reclassified as neoplasms.
The parakeratotic variant of the odontogenic kerato-
cyst is now, according to the 2005 WHO edition,*
keratocystic odontogenic tumor, a neoplasm and thus
no longer a cyst, whereas the orthokeratotic variant
remains a cyst, the orthokeratinized odontogenic
cyst. The same has also happened to the calcifying
odontogenic cyst, which is now according to the
2005 edition the calcifying cystic odontogenic tumor.
Such changes render RPP increasingly unreliable.

After a diagnosis has been made the clinician
has a choice of three broad approaches to the
lesion’s management. These have been summarized
in the rule of the 3 R’s. Refer (to an appropriate
colleague) and review are obvious, whereas recipe
(treatment) requires an explanation. This is derived
from the apothecary’s “barred R,” now often reduced
to Rx derived from the Latin imperative Recipe!
meaning Take! or Receive! This is still printed at the
top-left corner of prescriptions for pharmaceuticals
and/or other treatment.

The nomenclature used throughout will be,
as far as possible, that used by the 2005 edition
of the World Health Organization Classification of
Tumours.® Common synonyms will appear in
parentheses with the first appearance of each term
in each chapter. As far as possible the morphology
code of the international classification of diseases
for oncology (ICD-O) will be provided along with
the invaluable behavior codes (“/0” for benign;
“/3” for malignant, and “/2” for uncertain).
Although, the vast majority of lesions are diag-
nosed and treated in oral and dental practice solely
on clinical and radiological criteria, the overwhelm-
ing majority of such lesions are sequelae of dental
caries. There are many other lesions, such as cysts
and neoplasms, in which a definitive diagnosis
based on their histopathology is necessary.

Radiological Features

The radiological features central to the diagnosis
of oral and maxillofacial lesions are encapsulated
as the Five S’s and Three D’s rules. Although the
use of these rules is most apposite for conven-
tional radiography, they can also be applied when
viewing HCT’s “bone-windows” (Chapter 4) or
cone-beam computed tomographic (CBCT) images
(Chapter 5).



*

Table 1.1. Scale of severity of outcomes/potential severity of outcomes of oral maxillofacial radiology

9. Resection, but high likelihood of recurrence or metastasis
Poorly differentiated squamous cell carcinoma
Osteosarcoma
Fibrosarcoma
Adenoid cystic carcinoma (neural spread)
8. Resection and lower likelihood of recurrence or metastasis
Well-differentiated squamous cell carcinoma (qualified by site)
Chondrosarcoma
Ameloblastic carcinoma
Mucoepidermoid carcinoma
7. Resection and likelihood of recurrence or metastasis rare
Solid ameloblastoma
Verrucous carcinoma
Odontogenic myxoma
6. Enucleation and cytotoxic treatment (Carnoy’s solution)
Unicystic ameloblastoma (provided not affecting posterior maxilla)
Keratocystic odontogenic tumor (KCOT formerly the parakeratotic variant of keratocyst)
5. Simple enucleation and high chance of recurrence (recurrence rate of 10% and over)
Aneurysmal bone cyst (ABC)
Ameloblastic fibroma
Ossifying fibroma (OF)
Glandular odontogenic cyst (GOC)
Cementoblastoma
Pleomorphic (salivary) adenoma (PSA)
Calcifying epithelial odontogenic tumor (CEOT)
Calcifying cystic odontogenic tumor (CCOT)
4. Simple enucleation and little chance of recurrence
Adenomatoid odontogenic tumor (AOT)
Ameloblastic fibro-odontoma
Osteoblastoma/osteoid osteoma
Orthokeratinized odontogenic cyst (formerly the orthokeratotic variant of keratocyst)
Giant cell lesions, (large ones may need resection)
Complex odontoma
Squamous odontogenic tumor
Warthin’s tumor
3. Simple enucleation and no chance of recurrence (in a neoplastic fashion)
Periapical radiolucencies of inflammatory origin (either nonresponsive to orthograde endodontics or too large)
Nasopalatine duct cyst
Dentigerous cyst
Compound odontoma
2. Conservative surgery may be required only to improve aesthetics
Fibrous dysplasia (surgery is not indicated unless compelled by appalling aesthetics or risk of blindness)
Cherubism
Condensing/sclerosing osteitis (no treatment required, but treatment of the affected tooth may result in regression)
1. No treatment generally required
Linqual bone defect
Osseous dysplasia (florid and focal, but NOT familial or spontaneous forms)
Retention pseudocyst
Osteoma—solitary; nonsyndromal (ivory type could be surgically difficult)
Traumatic/simple bone cyst
Idiopathic osteosclerosis/dense bone island

*This table was inspired by the Richter scale for earthquakes. The scale is based on the general current treatment paradigms for each
lesion.

12



SHADE

Shade reflects the radiodensity of the lesion or
feature under consideration and is its most obvious
radiological attribute. This is readily reflected in
the greatest frequency of radiodensity referred to
in reports.

The radiodensity of a lesion observed by con-
ventional radiography is usually described as one
of three manifestations, radiolucency, radiopaque,
and mixed. The radiolucency appears black and
represents an absence of the bone type normal for
that site (Figure 1.6).

The radiopacity appears white and represents
an excess of mineralized tissue—frequently abnor-
mal mineralized tissue (Figure 1.7). This abnormal
tissue is usually laid down by cells (almost invari-

Figure 1.6. A panoramic radiograph displaying a well-
defined unilocular radiolucency within the mandible extend-
ing from the right first molar's distal root to the junction
between the contralateral canine and first premolar. The
right lower border of the mandible has been eroded and
displaced downward. The root of the right first premolar
has been displaced distally. The root of the second premo-
lar displays resorption. This is a unicystic ameloblastoma.
Note 1: This panoramic radiograph had not been made
using the optimal technique. It is in the head-down position.
Note 2: The apparent root resorption or shortening of the
teeth in the anterior sextant is most likely to be an artifact;
due to its appearing outside the focal trough of the pan-
oramic radiography. This happens particularly in the ante-
rior sextant. Note 3: The horizontal band superimposed
upon the roots of the right molars is the secondary image
of the contralateral lower border of the mandible. Reprinted
with permission from MacDonald-Jankowski DS, Yeung R,
Lee KM, Li TK. Ameloblastoma in the Hong Kong Chinese.
Part 2: systematic review and radiological presentation.
Dentomacxillofacial Radiology 2004;33:141-151.
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ably abnormal bone cells and their variants) due
to dysplastic or neoplastic processes and may show
some sort of structure. It is not always possible to
determine the process by histopathology; three
very different lesions, fibrous dysplasia (Figure

Figure 1.7. A panoramic radiograph displaying a general-
ized radiopacity of the posterior sextant. The mandibular
canal has been reduced in thickness and displaced to the
lower border of the mandible. Two unerupted molars are
embedded within the vertical ramus. The lesion has
expanded the body of the mandible vertically. This is
fibrous dysplasia. Note 1: The mandibular canal is very
obvious here as a radiolucent structure set against a back-
ground of abnormal (in this case dysplastic) bone. It has
not only been displaced downward in this case, but also
reduced in diameter and with a slightly irregular course.
Note 2: The radiolucent presentation of the maxillary alve-
olus is a result of the superimposition of the air-filled oral
cavity upon it. It may be prevented by instructing the patient
to raise the tip of his/her tongue to contact the hard palate.
Note 3: The secondary image of the contralateral mandible
is superimposed upon the upper two-thirds of the vertical
ramus. Note 4: The soft-tissue images of the soft palate
and dorsum of the tongue are superimposed upon the
upper third of the vertical ramus. The air space of the
residual oral cavity between them presents as a radiolu-
cent line, which has been mistaken to represent a fracture
of the vertical ramus in other cases. Reprinted with permis-
sion from MacDonald-Jankowski DS. Fibrous dysplasia in
the jaws of a Hong Kong population: radiographic presen-
tation and systematic review. Dentomaxillofacial Radiology
1999;28:195-202.
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Figure 1.8. Panoramic radiograph displaying an ossifying
fibroma. The lesion is well defined. It has a capsule of
varying thickness. It has displaced downward the lower
border of the mandible and displaced upward the alveolar
crest. It has also displaced the mandibular canal toward
the lower border of the mandible. It has displaced the root
of the premolar forward and the roots of the molar distally.
Its central radiodensity has a cotton wool pattern. Note 1:
The partial superimposition of the hyoid bone on the lower
border of the mandible is an indicator that the exposure
had been made in the chin-down position. Note 2: The soft
tissue of the gingival mucosa is observed in the edentulous
space. Reprinted with permission from MacDonald—
Jankowski DS. Cemento-ossifying fibromas in the jaws of
the Hong Kong Chinese. Dentomaxillofacial Radiology
1998;27:298-304.

1.7), ossifying fibroma (Figure 1.8), and osseous
dysplasia (formerly known as cemento-osseous
dysplasia) (Figure 1.9) are entirely different lesions
but display similar histopathological appearances,
those of fibro-osseous lesions. This is discussed in
detail in Chapter 10. Sometimes the bone is not
per se abnormal but merely thickened trabeculae
as found for idiopathic osteosclerosis (also known
as dense bone islands) (Figure 1.10).

Occasionally mineralization can also be dys-
trophic; this is a deposition of mineral in soft-tissue
lesions, such as calcification of lymph nodes
(Figure 1.11), tonsils (Figure 1.11), sialoliths (Figure
13.6), antrolith acne scars, and so on. This is not
laid down by bone cells but still may display some
structure, usually as concentric layers of accretion
(Figure 9.16).

Figure 1.9. The panoramic radiograph exhibits radiopaci-
ties in all four posterior sextants. The mandibular lesions
are confined to the alveolar process; that is, they are found
above the mandibular canal, which can be seen in places.
This is a case of florid osseous dysplasia. Note: The rela-
tive radiolucency of the anterior sextant of the maxilla is
due to the superimposition of the residual oral cavity.

Figure 1.10. This is a panoramic radiograph displaying a
well-defined radiopacity associated with the root of the first
premolar. The periodontal ligament space is intact and of
regular thickness separating it from the radiodense bone.
This tooth displays an intact crown; there are no caries or
restorations. There is also no periodontal bone loss. The
radiopacity is in direct contact with the adjacent normal
bone; there is no radiolucency space between them.
Idiopathic osteosclerosis is also known as a dense bone
island.



Figure 1.11. A panoramic radiograph displaying a number
of normal and abnormal radiopacities. Structures, which
are normally composed of soft tissue, can present as radi-
opacities either by being silhouetted against air, as already
seen for the soft palate and tongue, or becoming calcified.
The latter can occur secondary to an infection. Classically
this infection was tuberculosis. The calcified structures are
the lymph nodes (cervical jugulodigastric and submandibu-
lar nodes) and the palatine tonsil (small opacities superim-
posed upon the mandibular foramen). This calcification is
dystrophic. Another calcified, but almost always normal
structure, is the styloid process. Note 1: The soft palate
and tongue are clearly visible. Note 2: The horizontal band
of a smeared radiopacity occupying the superior two-thirds
of this image represents the contralateral mandible.

Radiopacities can arise from variants of
anatomy such as mineralization of the stylohyoid
complex (Figure 1.12). The normally (not mineral-
ized) soft-tissue structures can be present, of which
the easiest to recognize are the tongue and soft
palate, on panoramic radiographs and lateral ceph-
alograms (Figure 1.12). The ear lobe (Figure 1.12)
is also very frequently apparent. Fractures can
result in opacities if the fractured ends overlap
(Figure 1.12). Incorrect panoramic radiographic
technique (head-down) can result in the superim-
position of the body of the hyoid on the mandible,
resulting in a radiopacity (Figure 1.13a) instead of
its usual submandibular position (Figure 1.13b).
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Figure 1.12. A panoramic radiograph displaying a normal-
sized styloid process (extends no lower than the mandibu-
lar foramen; see Chapter 10 for more details) and a calcified
stylohyoid ligament reaching the hyoid bone. The lesser
horn is presented as a round radiopacity superimposed
upon the superior margin of the hyoid bone. These are also
normal features. Note 1: The pinna of the ear is superim-
posed upon the styoid process. Note 2: The condyle is
fractured and displaced anteriorly. As it overlaps the supe-
rior vertical ramus, an increased radiopacity occurs at the
site of this overlap. Note 3: The black line delineating the
line of the fractured condyle represents the Mach band
effect and is discussed further in Chapter 3. Note 4: The
soft palate and dorsum of the tongue are in contact and the
radiolucent line observed in Figure 1.3 is substantially
absent. Note 5: The superior half of the image is occupied
by the secondary image of the contralateral mandible.

Mixed radiodensity describes a lesion pre-
senting as a white area/s within a black area
(Figure 1.14). This generally represents the deposi-
tion of mineralized tissue in an area where the
bone type normal for that area had been previously
removed to create space for the lesion, which sub-
sequently undergoes mineralization.



Figure 1.13. Panoramic radiographs displaying the hyoid bone. (a) Although this panoramic radiograph is correctly taken,
the hyoid bone is superimposed upon the lower body of the mandible. This may be misinterpreted as a radiopaque lesion
within the mandible. It is well defined and delineated by the black line of the Mach band effect. (b) The components of the
hyoid bone, which are frequently apparent on panoramic radiographs and lateral cephalograms. The body and lesser and
greater horns are observed as distinct entities. There are two depictions of the greater horn; the smaller and better detailed
is the ipsilateral, whereas the longer and poorer detailed is the contralateral. The radiolucent area between the contralateral
greater horn and the body represents the joint between them, which is frequently patent. Note 1: The secondary images
of the contralateral mandible appear in both (a) and (b). Note 2: (a)There is a small air-filled space between the soft palate
and the dorsum of the tongue, which is superimposed upon the mandibular foramen. Note 3: (b) The pinna of the ear.

Figure 1.14. Panoramic radiographs displaying radiopaque lesions. (a) A well-defined radiolucency within which there is
an annular (ringlike) radiopacity. This is an annular odontoma, which is a subset of the complex odontoma. (b) A well-
defined radiolucency, associated with an almost wholly extruded molar tooth. Within the radiolucency and associated with
the molar tooth is a well-defined radiopacity. This is a complex odontoma. (c) A radiolucency at the apex of an incisor.
Within the radiolucency are several radiopacities. This is a case of osseous dysplasia.
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Figure 1.15. Internal structure of the lesion.

Those lesions that substantially present as
radiolucencies are considered in Chapter 9,
whereas those that most frequently present either
complete radiopacities or as mixed lesions will be
considered in the Chapter 10.

Having now determined that the lesion is
radiolucent or at least partly radiopaque, consider-
ation should then be given as to whether that
radiopacity has an internal structure (Figure 1.15).

SHAPE

The shape of a lesion may give a clue to its broad
behavior. If it has a smooth rounded shape, it is
unilocular. Although this shape is typical of less
serious lesions such as inflammatory cysts and
dentigerous cysts, which can be readily enucleated
with a minimal tendency to recur, it is frequently
seen of unicystic ameloblastomas (Figure 1.16).
Sometimes a generally rounded shape may present

with an undulating or scalloped periphery (Figure
1.17) typical of simple bone cysts.

Those lesions whose outline has been broken
into loculi by “septae” are multilocular. This shape
is indicative of more serious lesions, which require
more radical treatment such as resection because of
their marked propensity to recur. Such lesions are
the solid (multilocular) ameloblastoma, Keratocys-
tic odontogenic tumor, and odontogenic myxoma.
The multilocular radiolucency can present with
three basic patterns; soap-bubble, honeycomb
(Figure 1.18), and tennis racket (Figure 1.19). With
the exception of the tennis-racket pattern, which is
virtually pathognomic forthe odontogenic myxoma,
the other two patterns have so far not shown a
particular predilection for any specific lesion.

The clinician should not confuse multilocular
with scalloping (Figure 1.20)!

It should be noted that for some lesions, parti-
cularly those cases observed in the younger patient
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Figure 1.16. A panoramic radiograph displaying a well-
defined radiolucency within the posterior sextant of the
body of the mandible. Although there are 2 unerupted
molars about its periphery, it is more intimately associated
with the second molar, which has been displaced to the
lower border of the mandible. The horizontally inclined third
molar’s follicular space is partially evident and is less likely
to be contiguous with the larger lesion. The lesion almost
wholly surrounds the second molar tooth, including its root.
The absence of an attachment of the lesion at or within 1
mm of the cementoenamel junction (CEJ) and root resorp-
tion of the distal root of the first molar tooth suggest that
the lesion is very unlikely to be a dentigerous cyst. This is
a unicystic ameloblastoma. Note 1: The secondary image
of the lower border of the mandible is partially superim-
posed upon the radiolucency. The inferior third displays the
radiodensity that would have been obvious throughout the
lesion if superimposition did not occur. The superior two-
thirds displays a radiodensity, which is similar to the
ground-glass appearance classically observed of fibrous
dysplasia. This superimposition of the secondary image of
the contralateral anatomy can be obviated on the pan-
oramic reconstructions of computed tomography imaging.
Note 2: The slightly more radiolucent superior third repre-
sents the substantial erosion or penetration of the cortex
of the alveolar crest. The lesion immediately distal to the
first molar is likely to be fluctuant.

Figure 1.17. This standard anterior occlusal projection (of
the anterior sextant) of the mandible displays a well-defined
radiolucency, which exhibits scalloping between the roots
of the anterior teeth. Their lamina dura is intact and they
do not exhibit root resorption. The superior portion of the
lesion appears to be more translucent than the inferior
portion, because of the superimposition of the mention.
This is a simple bone cyst. Reprinted with permission from
MacDonald-Jankowski DS. Traumatic bone cysts in the
jaws of a Hong Kong Chinese population. Clinical Radiology
1995;50:787-791.

and smaller (thus may themselves be at an early
stage in their life history), are generally unilocular,
whereas those cases observed in the older patient
and larger may appear multilocular. Therefore,
multilocularity may represent the maturity of a
lesion rather than its tendency to recur if inappro-
priately (enucleated rather than resected) or inad-
equately treated.

Most cysts and a few neoplasms display hydro-
static expansion to assume a round (spherical in
three dimensions) or oval shape, whereas others
may assume a spindle or fusiform shape. Although
the latter is classically associated with fibrous dys-
plasia (Figures 1.21 and 1.22), it can be observed
for some neoplasms, such as the odontogenic
myxoma and the keratocystic odontogenic tumor.

SITE

A solitary localized or single lesion suggests a local
cause, whereas multiple lesions—particularly
those affecting several sextants—suggest a sys-
temic cause that could have general health impli-
cations. Although generally, if enough cases of a



Figure 1.18. The panoramic radiograph shows a well-
defined multilocular radiolucency extending from between
the second molar and the junction between the contralat-
eral canine and lateral incisor of the mandible. Many of the
roots, particularly those of the first molar, display resorp-
tion, and those of the second molar are displaced distally.
The lower border of the mandible has been both eroded
and downwardly displaced. There are two multilocular pat-
terns, the majority is of the soap-bubble pattern and a small
area about the apex of the second premolar is of the hon-
eycomb pattern. The latter is made up of multiple continu-
ous cells of similar size, which together recall the
appearance of a bee’s honeycomb. This is a solid amelo-
blastoma. Reprinted with permission from MacDonald-
Jankowski DS, Yeung R, Lee KM, Li TK. Ameloblastoma
in the Hong Kong Chinese. Part 2: systematic review and
radiological presentation. Dentomaxillofacial Radiology
2004;33:141-151.

lesion are reported they divide evenly between
right and left, it is nevertheless important to record
correctly this feature to avoid incorrect investiga-
tions or treatment for that particular patient. It is
also clearly important to record correctly the jaw
and sextants, not only for the above reason, but
because some lesions have particular dispositions
for a particular jaw and sextant.

Identify the affected jaw as the maxilla or
mandible and the sextants as either anterior or
posterior. The junction between the anterior (inci-
sors and canines) and posterior (premolar and
molars) sextants is arbitrarily defined by a vertical
line passing between the canine and first premolar
tooth.

Those lesions primarily affecting the maxil-
lary antrum often present quite differently radio-
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logically than they do in the mandible and anterior
sextant of the maxilla. The lesions that affect the
maxillary antrum will be considered separately in
Chapter 11.

In order to determine between the alveolar
and basal portions of the mandible, the relation-
ship of the lesion to the mandibular canal should
be reviewed. The equivalent feature for the maxilla
is the hard palate. This is readily observed on
panoramic radiographs or lateral cephalograms.

A lesion arising above the mandibular canal
is in the alveolus and therefore likely to be an
odontogenic lesion (see Figure 1.19), whereas a
lesion below the mandibular canal is likely to be
a nonodontogenic lesion (Figure 1.23). A lesion
arising within the mandibular canal is likely to be
a neural or vascular lesion. A lesion below the
hard palate (esp. on panoramic radiographs) is
likely to be an odontogenic lesion (Figure 1.24),
whereas that arising above the hard palate is likely
to be a nonodontogenic lesion (Figure 1.24).

If the lesion is in the alveolus, its relationship
not only to teeth , but to a certain part of the tooth
or teeth is important to refine further the differen-
tial diagnosis. If it is related to the crown of an
unerupted tooth, this could suggest its origin within
the follicle, whereas its relationship to the root of
an erupted tooth with evidence of caries or peri-
odontal disease could suggest an inflammatory
cause and should provoke a testing of the pulp
vitality of that tooth (pulp vitality testing is gener-
ally recommended for any tooth/teeth that are
adjacent to a lesion). This clearly becomes less
likely if the lesion is separated from the apex by a
periodontal ligament space, which is represented
by a near uniformly wide (0.2 mm) radiolucent line
(Figure 1.25). The precise location of the lesion to
the root is important; most inflammatory lesions
are associated with the root apex, whereas this is
less so if it is associated with the side of the root
(Figure 1.26).

The periodontium is the overarching term for
all tissues that surround and support the tooth.
The periodontal ligament space is one of three
components of the periodontium. The other two
radiologically apparent components are the lamina
dura of the alveolar bone and the cementum of the
root. The main lesions that affect the periodontium
have been set out in the flowchart in Figure 1.27.
The length of the tooth directly affects the quality
of the periodontium by determining the surface



Figure 1.19. The true occlusal projection of the anterior sextant of the mandible (a) and the axial (b) and coronal (c) com-
puted tomographic sections (bone window) display the tennis racket multilocular pattern, which is virtually pathognomonic
of the odontogenic myxoma. (a) The “strings” of the tennis racket appear to completely transverse the entire anterior sextant.
Images (b) and (c) instead display the septae confined to the periphery of the lesion, leaving a central “atrium” completely
free of septae. Note 1: The shape of the lesion recalls the fusiform shape typically observed in fibrous dysplasia affecting
the jaws. Note 2: (b) The patency of the synchondrosis of the hyoid bone with the lesser horn immediately adjacent to
it is readily displayed. Note 3: (b) Enhancement of the major blood vessels, but none of the lesion. Reprinted with permis-
sion from MacDonald-Jankowski DS, Yeung R, Li TK, Lee KM. Computed tomography of odontogenic myxoma. Clinical
Radiology 2004;59:281-287.
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Figure 1.20. Periapical radiolucency of the mandibular
molars displaying a well-defined radiolucency associated
with the apices of all three molars and the second premolar
tooth. The alveolar-facing margin appears scalloped,
whereas there is a septum on the inferior margin. As a
result this lesion is now considered to be multilocular. At
the apex of the second molar tooth is a radiopacity. This
appears to be dysplastic. This is a simple bone cyst con-
taining an area of osseous dysplasia. Note: The more
translucent area in the center of the lesion represents
perforation or at least significant erosion of either the
buccal or lingual cortex or both. Reprinted with permission
from MacDonald-Jankowski DS. Traumatic bone cysts in
the jaws of a Hong Kong Chinese population. Clinical
Radiology 1995;50:787-791.

area available for periodontal fiber attachment.
The size of the pulp in also entered both because
the health of the root depends upon it, and it is
just as easy to inspect it at the same time as the
periodontium on the radiographs.

SIZE

The size of a lesion can be rendered in metric units
(imperial units are still used but increasing less so)
or according to their anatomical boundaries (Figure
1.28). The latter is particularly necessary if the
lesion is displayed on a panoramic radiograph. Not
only is this modality subject to substantial magni-
fication but also distortion, particularly in the hori-
zontal plane.’

Another method for determining size from a
panoramic radiograph is using “the dental unit.”
Each tooth and the mesiodistal width of bone it
spans is one unit, except for each lower incisor,
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Figure 1.21. A true occlusal projection of the mandible
displaying fibrous dysplasia. A well-defined margin between
the dysplastic and adjacent normal bone is absent. The
gradual expansion of the lesion from the adjacent normal
bone is apparent. This pattern of expansion recalls the
shape of a spindle, hence fusiform. Both the buccal and
lingual cortices are greatly reduced in thickness in com-
parison to the normal cortex anteriorly. The reduction in
cortical thickness is gradual and reflects the broad zone
of transition typical of fibrous dysplasia. The radiodensity
can be observed to vary in pattern, from ground glass,
peau d'orange, and cotton wool. The first two are apparent
here.

Figure 1.22. Panoramic radiograph displaying fibrous dys-
plasia affecting the right hemimaxilla. It exhibits similar
fusiform expansion as is apparent in Figure 1.21. The
dysplasia has involved the lower part of the posterior antral
wall.
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Figure 1.23. Panoramic radiograph exhibiting a well-
defined radiolucency between the mandibular canal and
the lower border of the mandible. This is the classical
presentation of the lingual bone defect. The more radiolu-
cent center represents the ostium on the lingual cortex,
which is narrower than the larger defect mushrooming out
within the basal process of the posterior mandible. Note
1: The semi-inverted unerupted third molar tooth has a
normal follicle. Note 2: It is likely that there is no root
resorption of the distal root immediately adjacent to the
unerupted tooth. Persuasive evidence for this contention
is derived from observation of the periodontal margin on
the distal aspect of this root, through the crown of the third
molar. Note 3: The horizontal “break” in the lower border
of the mandible is caused by the Mach band effect
enhancement of the superimposition of the hyoid body
upon it.

which counts for a half a unit. This can be extended
into the ramus; the retromolar to the mandibular
foramen, the mandibular foramen to the base of
the condyle and coronoid processes, and the
condyle and coronoid each account for one dental
unit. This was recently used to compare the sizes
of keratocystic odontogenic tumors as they
appeared on a panoramic radiograph.® These give
a reasonable estimate of the lesion’s size, which
may reflect an approach to surgery based on such
units. Nevertheless, if surgery of a substantial
lesion is contemplated, the use of advanced imag-
ing, such as CT and MRI, permits very accurate
measurements of lesions (Figure 1.29).

Figure 1.24. Panoramic radiograph displaying a soft-
tissue opacity within the maxillary antrum. It is not associ-
ated with a carious or heavily restored tooth, which may
suggest that the tooth’s vitality has been compromised.
This lesion is a mucosal antral cyst, also called a pseudo-
cyst. Note 1: The hard palate (HP) presents as two images.
The lower is its junction with the ipsilateral alveolus and
the upper with the contralateral alveolus. Note 2: The soft
tissue is visualized on a radiograph because it is silhou-
etted against the air-filled space of the maxillary antrum.
This silhouetting is further enhanced by a black line around
the mucosal antral cyst represents the Mach band effect.
The same phenomena are associated with the visualiza-
tion of the tongue, soft palate, and pharynx. Note 3: The
root of the second premolar is still developing as evidenced
by the presence of two “inverted chisels.”

SURROUNDINGS

The lesion’s effect on its surroundings is twofold,
the degree of marginal definition and the effect on
adjacent structures.

The degree of definition of the normal adjacent
tissue-lesion zone of transition should be, as far as
possible, objectively assessed. This is important
because marginal definition is the most important
radiological feature after radiodensity. Failure to
use a standard objective parameter can result in sig-
nificant differences of opinion between clinicians
affecting the differential diagnosis. One such objec-
tive definition of margin definition was that pro-
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Figure 1.25. A standard anterior occlusal projection dis-
playing an endodontically treated incisor. At its apex is a
mature osseous dysplastic lesion. It may be surmised that
the lesion presenting to the original clinician was that of a
radiolucency. Note: It is not unusual to see such apical
lesions associated with root-treated incisors. This suggests
that the early radiolucent stage of this lesion had been
mistaken for a periapical radiolucency of inflammatory
origin. Pulp vitality is an essential investigation when the
vitality of a tooth is questioned.

posed by Slootweg and Miiller.’ If s normal-adjacent
tissue-lesion zone of transition is less than 1mm,
thelesion can be described as well defined and thus
more representative of an uninfected cyst or benign
neoplasm (Figure 1.30), whereas that which exceeds
1mm is poorly defined suggestive of an inflamed
lesion or a malignant neoplasm (Figure 1.31). This
can be appreciated by running a 0.5 point pen
around the periphery of the lesion displayed in an
analogue format (film). If this can be achieved with
ease then the margin is well defined.

Well-defined lesions may or may not have
a cortex, which may assist in further refinement
of the differential diagnosis (Figure 1.32). Although
a cortex is, in the majority of cases, strongly
suggestive of a benign lesion, be aware that multi-
ple cortices resembling the layers of an onion
(Figure 10.14) may suggest not only chronic inflam-
mation but also some malignancies.

Figure 1.26. The periapical radiograph displays a well-
defined radiolucency between the noncarious and pristine
canine and first premolar tooth. A positive pulp vitality test
ruled out a lateral radicular cyst. Other lesions that may
give this presentation are remaining lesions in the differ-
ential diagnosis, the lateral periodontal cyst and the kera-
tocystic odontogenic tumor (KCOT). At histopathology it
was found to be the latter.

A cortex should be distinguished from sclero-
sis. A cortex is well defined with regard to both
the lesion and the normal adjacent bone, whereas
the sclerosis is poorly defined with regard to the
latter (Figure 1.33).

The effect of the lesion on adjacent structures
is expressed by the rule of the Three D’s: diameter,
density, and displacement; structures such as the
mandibular canal can be affected by all three,
whereas the cortex and the lamina dura are affected
by only density and displacement.

Diameter

Changes in diameter are best seen in hollow struc-
tures such as the mandibular canal and mental
and mandibular foramina. If their diameters are
increased this suggests that there is a lesion within
the structure, whereas if it is decreased the lesion
is outside. See Figure 1.7, which displays a narrow
mandibular canal invested by fibrous dysplasia.



Ve

Periodontium

Lamina dura Ligament space Cementum
of the alveolar on the ROOT

bone Increased Decreased ‘/‘/ i \
/ \ i (even ankylosis)  Fracture Apex Length Pulp size

(Greater than 0.2 mm)

Loss Increased :
i Perloqonta] Lare sequel Persistent] Premature Increased Decreased
Thickness d y
1sease trauma open closure i i
Early stage re-Implant
Scleroderma Trauma l l Taurodontism Normal ageing
Re-implant Non-vital Trauma (increase in pulp height) Secondary
Localized Generalized Malignant disease Delayed Radiotherapy Macrodont dentine
i i Scleroderma development Dentinogenesis  Fusion Dentinogenesis
imperfecta ~ Dentinogenesis i
Periapical pathosis  Periodontal P . & imperfecta lare
. . imperfecta early

of inflammatory disease

origin Multiple Long Short
Fibrous dysplasia myeloma l / \
Simple bone cyst Langerhan’s cell ] ) )

histiocytosis PhXS}ologlcal Abnormal Resorption
Hyperparathyroidism attrition development / \
Acromegaly i
External Internal
Trauma

In the alveolus?

Radiotherapy / \‘

Yes No
Outline? Above the gingivae
smooth spiking irregular Abrasion
i i i Root caries

Surgical Malignant Idiopathic

Benign Trauma

neoplasm Reimplantation
Cyst Malignant

Figure 1.27. A classification of lesions affecting the periodontium.



Figure 1.28. The panoramic radiograph exhibits a well-
defined radiolucency, which occupies the entire length of
the alveolus. This was a simple bone cyst, which arose
from four original discrete lesions. Each of these original
lesions recurred after surgery and eventually coalesced
into one lesion. Reprinted with permission from MacDonald-
Jankowski DS. Traumatic bone cysts in the jaws of a Hong
Kong Chinese population. Clinical Radiology 1995;50:
787-791.

e B2:58:52.80
Figure 1.29. Axial

computed tomograph (soft-tissue
window) displaying a radiolucency within the mandible.
The digital measurements are set out at the bottom of the
frame. Note: Intravenous contrast media has enhanced
the blood vessels. The tortuous outline of the lingual artery
is observed near the midline anteriorly.
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Figure 1.30. A periapical radiograph that displays a radio-
lucency with a well-defined periphery. The lesion has
resorbed the roots in line with the bony outline of the lesion.
The lesion is a solid ameloblastoma.

Figure 1.31. Panoramic radiograph displaying a poorly
defined radiolucency occupying the posterior body of the
mandible. There is almost no lamina dura associated with
the first molar tooth. There appears to be a thick soft-tissue
mass anterior to the vertical ramus. This is a squamous
cell carcinoma. Note 1: The secondary image of the con-
tralateral mandible is superimposed upon the vertical
ramus. Note 2: The radiolucent region above the tongue
represents the residual air-filled space of the oral cavity.
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Figure 1.32. Assess the cortex for refinement of the differential diagnosis.

Density

Changes in density can be observed on teeth, corti-
ces, and hollow structures. A reduction of density
on part of a tooth root may suggest resorption
either by thelesion or an anatomical structure such
as the mandibular canal. Reduction in density of
the cortices suggests erosion or even full perfora-
tion by the lesion (Figure 1.34). It should be appre-
ciated that much of the radiolucency of a lesion is
not derived from the absence of cancellous bone
but also erosion, even perforation of either buccal
or lingual cortex or both. When the last occurs the
lesion’s degree of radiolucency is higher and is
usually associated with appreciable buccolingual
expansion. Perforations of the cortex can occur in
several places in the same lesion; if very large, these

can give the illusion of multiloculation (Figure
1.35). Always look again for septae before arriving
at this conclusion.

Changes in density of the mandibular canal
(an increase in translucency-blackening) in associa-
tion with a lesion or tooth suggest an intimate rela-
tionship between them, urging caution during
surgery to minimize the risk of damage to the neu-
rovascular bundle it contains. The mandibular
canal can appear more translucent (blacker) and
thus more conspicuous if the bone is abnormal as
evident in the case of fibrous dysplasia in Figure 1.7.

Air-filled spaces such as the antrum and the
pharynx are visible as radiolucent structure by
virtue of their absence of any tissue that could
attenuate the X-ray beam; in other words much of



Figure 1.33. Periapical radiograph of the mandibular pre-
molar region. The mental foramen, mandibular canal, and
incisive canal are clearly obvious. Note the upward and
backward bend of the canal toward the mental foramen.
Note 1: The periapical radiolucency associated with the
endodontically treated tooth displays root resorption. The
radiolucency is well defined, but is not corticated. Note 2:
The molar, which had also been endodontically treated,
exhibits a radiolucency at the furcation. Within this radio-
lucency are radiopacities with a similar radiodensity to that
of the root-filling material. Therefore, the former are likely
to represent extrusion of cement though a perforation of
the furcation into the tissues. The well-defined margin of
the radiolucency has been enhanced by a zone of sclerosis
apical to it.

the beam passing though these structures is rela-
tively unattentuated in comparison to the patient
imaged. Density changes within are invariably
increased densities. In the maxillary antrum this
represents both discrete lesions and complete
opacification by inflammatory fluid.

Displacement

The lesion can displace teeth, buccal and lingual
cortices (Figure 1.36), the lower border of the man-
dible (Figures 1.8 and 1.37) and the antral floor,
and the mandibular canal (see Figure 1.8). The
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Figure 1.34. This is a oblique lateral projection of the
posterior body of the mandible. Note the obliquely super-
imposed hyoid bone on the mandible and the contralateral
angle of the mandible in the top-right corner. The radiolu-
cency is well defined with a thin cortex. It is unilocular.
Although the lesion is associated with the cementoenamel
junction of the unerupted third molar, suggestive of a den-
tigerous cyst, the root resorption of the first and second
molars is substantial. The last is more indicative of an
ameloblastoma. This is a unicystic ameloblastoma. Note:
The two vertical curved lines in the anterior half of the
lesion arise from marked erosions or perforations of either
the buccal or lingual cortex. Reprinted with permission
from MacDonald-Jankowski DS, Yeung R , Lee KM, Li TK.
Ameloblastoma in the Hong Kong Chinese. Part 2: system-
aticreview and radiological presentation. Dentomaxillofacial
Radiology 2004;33:141-151.

types of lesions that most frequently displace adja-
cent structures are most benign neoplasms, par-
ticularly those with a capsule, and cysts.

ULTIMATE PURPOSES OF
RADIOLOGICAL DIAGNOSIS

For the large majority of patients radiology is
central in the treatment planning for caries, peri-
odontal disease, and dentofacial disharmony
(orthodontics and orthognathic surgery). In addi-
tion, radiology is important to
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Well defined

Erosions of co

Poorly defined

Figure 1.35. Panoramic radiograph displaying a radiolu-
cency occupying the vertical ramus. The superior margin
at the condyle is well defined, whereas that inferiorly
appears poorly defined. The last was caused by the super-
imposition of the secondary image of the lower border of
the contralateral margin upon the lower margin. The Swiss-
cheese presentation of the affected vertical ramus reflects
the occurrence of more erosions or perforations at certain
sites rather than at others. This is a unicystic ameloblas-
toma. Reprinted with permission from MacDonald-
Jankowski DS, Yeung R, Lee KM, Li TK. Ameloblastoma
in the Hong Kong Chinese. Part 2: systematic review and
radiological presentation. Dentomaxillofacial Radiology
2004;33:141-151.

1. Distinguish between a malignant and a benign
lesion because early diagnosis enhances sur-
vival of the former

2. Prompt consideration of locally invasive
benign neoplasms so that the most appropri-
ate treatment can be provided to minimize
recurrence

3. Prompt consideration of a hemangioma so
that the most appropriate treatment plan
can be formulated to avoid potential fatal
exsanguination.

ey i
; II

Figure 1.36. A true occlusal projection of the mandible
already reviewed in Figure 1.6. There is substantial buc-
colingual expansion. Both the buccal and the lingual cortex
are very thin, particularly buccally. In addition to the distal
displacement observed in Figure 1.6. the root of the first
premolar has also been displaced buccally. This is a uni-
cystic ameloblastoma. Reprinted with permission from
MacDonald-Jankowski DS, Yeung R , Lee KM, Li TK.
Ameloblastoma in the Hong Kong Chinese. Part 2: system-
atic review and radiological presentation. Dentomaxillofacial
Radiology 2004;33:141-151.

System of Evidence Used in
This Textbook

Sackett et al.”° defined a systematic review as a
summary of the medical literature that uses explicit
methods to search systematically, appraise criti-
cally, and synthesize the world literature on a spe-
cific issue. This means that unlike a traditional
review the systematic review, like any other form
of primary research, will have a “materials and
methods” section, and a “results” section."
Systematic review has generally been applied
to treatment and drug trials, but has also become
a powerful tool when adapted to the clinical and
radiological presentations of important oral and
maxillofacial lesions.*** These are the ameloblas-
toma (Figure 1.38),""" odontogenic myxoma



Figure 1.37. Panoramic radiograph displaying a unicystic
ameloblastoma associated with the third molar (this attach-
ment is apical to the cementoenamel junction). The second
molar's roots appear to have been displaced anteriorly.
The lowest border of the lesion has expanded down past
the still undisplaced and largely intact lower border of the
mandible. Although this phenomenon is generally a feature
of the ameloblastoma, it has also been observed for ortho-
keratinized odontogenic cysts. Note 1: The secondary
image of the contralateral mandible has conferred a
ground-glasslike appearance on the upper two-thirds of the
lesion. The lower third displays a truer degree of radioden-
sity. Note 2: The erupting maxillary third molar exhibits an
enlarged follicular space.

Figure 1.38. Ameloblastoma: global distribution of those reports included in the systematic review. Green for Western or
predominantly Caucasian communities, blue for sub-Saharan African communities, violet for East Asian communities, and
red for Latin American communities. The lighter shades denote each of the four global groups or regions, whereas the
darker shade denotes a systematic review-included report for a particular state. If more than one such report exists, the
number over one is inserted for that state. Acknowledgment: James Pagnotta: Media support analyst: Faculty of Dentistry;
University of British Columbia.
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Figure 1.39. Odontogenic myxoma (updated March 2010): global distribution of those reports included in the systematic
review. Note that both Swedish reports are binational: 1 with Denmark and 1 with Finland. Green for Western or predomi-
nantly Caucasian communities, blue for sub-Saharan African communities, violet for East Asian communities, and red for
Latin American communities. The lighter shades denote each of the four global groups or regions, whereas the darker
shade denotes a systematic review-included report for a particular state. If more than one such report exists, the number
over one is inserted for that state. Acknowledgment: James Pagnotta: Media support analyst: Faculty of Dentistry; University

of British Columbia.

(Figure 1.39)," keratocystic odontogenic tumor
(Figure 1.40)," dentigerous cyst (Figure 1.41),'°
orthokeratinized odontogenic cyst (Figure 1.42),"
glandular odontogenic cyst (Figure 1.43),'® fibrous
dysplasia (Figure 1. 44)," ossifying fibroma (Figure
1.45),%° florid osseous dyplasia (Figure 1.46),%
Focal osseous dysplasia (Figure 1.47),* idiopathic
osteosclerosis (Figure 1.48),” central giant cell
granuloma,? and cleidocranial dysostosis.?

Global Groups

In order to determine deeper patterns within the
systematic review, its reports are divided into four
Global groups based broadly on ethnicity; these are
East Asian (predominantly represented in the SR by
Chinese and Japanese), sub-Saharan African (pre-
dominantly Black Africa, including Jamaica),
Western/Caucasian (North America and Europe,
Middle East, North Africa, and India), and Latin
American (including Cuba). Although the Western

group is predominantly White (Caucasian; classi-
cally of European origin) it contains significant
non-White minorities, particularly from sub-
Saharan Africa. The population of the United States
was at the last census 69.1% White.*® Reports from
the Indian subcontinent areincluded in the Western/
Caucasian group, because 95% of Indians are
Caucasian (Indo-Aryans and Dravidians). Although
these four global groups are cartographically repre-
sented by four almost discrete regions, they are not
primarily regional, because variable socioeconomic
and other ethnocultural factors also play important
roles that affect the availability and provision of
diagnostic and therapeutic services. For example,
the South Asian nations, including India, although
largely Caucasian nations, are still developing their
economies, along with many of those of sub-
Saharan Africa. Although Africa itself is divided
between a Caucasian North and a substantially
Black sub-Saharan South, it is the latter that consti-
tutes both the bulk of the population of the African
continent and the African diaspora (Jamaica is 90 %



Figure 1.40. Keratocystic odontogenic tumor: global distribution of those reports included in the systematic review. Green
for Western or predominantly Caucasian communities, blue for sub-Saharan African communities, violet for East Asian
communities, and red for Latin American communities. The lighter shades denote each of the four global groups or regions,
whereas the darker shade denotes a systematic review-included report for a particular state. If more than one such report
exists, the number over one is inserted for that state. Acknowledgment: James Pagnotta: Media support analyst: Faculty
of Dentistry; University of British Columbia.

Figure 1.41. Dentigerous cyst: global distribution of those reports included in the Systematic review. Green for Western
or predominantly Caucasian communities, blue for sub-Saharan African communities, violet for East Asian communities,
and red for Latin American communities. The lighter shades denote each of the four global groups or regions, whereas the
darker shade denotes a systematic review-included report for a particular state. If more than one such report exists, the
number over one is inserted for that state. Acknowledgment: James Pagnotta: Media support analyst: Faculty of Dentistry;
University of British Columbia.
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Figure 1.42. Orthokeratinized odontogenic cyst: global distribution of those reports included in the systematic review. Green
for Western or predominantly Caucasian communities, blue for sub-Saharan African communities, violet for East Asian
communities, and red for Latin American communities. The lighter shades denote each of the four global groups or regions,
whereas the darker shade denotes a systematic review-included report for a particular state. If more than one such report
exists, the number over one is inserted for that state. Acknowledgment: James Pagnotta: Media support analyst: Faculty
of Dentistry; University of British Columbia.

Figure 1.43. Glandular odontogenic cyst: global distribution of those reports included in the systematic review Green for
Western or predominantly Caucasian communities, blue for sub-Saharan African communities, violet for East Asian com-
munities, and red for Latin American communities. The lighter shades denote each of the four global groups or regions,
whereas the darker shade denotes a systematic review-included report for a particular state. If more than one such report
exists, the number over one is inserted for that state. Acknowledgment: James Pagnotta: Media support analyst: Faculty
of Dentistry; University of British Columbia.
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Figure 1.44. Fibrous dysplasia: global distribution of those reports included in the Systematic review. Green for Western
or predominantly Caucasian communities, blue for sub-Saharan African communities, violet for East Asian communities,
and red for Latin American communities. The lighter shades denote each of the four global groups or regions, whereas the
darker shade denotes a systematic review-included report for a particular state. If more than one such report exists, the
number over one is inserted for that state. Acknowledgment: James Pagnotta: Media support analyst: Faculty of Dentistry;
University of British Columbia.

Figure 1.45. Ossifying fibroma: global distribution of those reports included in the Systematic review. Green for Western
or predominantly Caucasian communities, blue for sub-Saharan African communities, violet for East Asian communities,
and red for Latin American communities. The lighter shades denote each of the four global groups or regions, whereas the
darker shade denotes a systematic review-included report for a particular state. If more than one such report exists, the
number over one is inserted for that state. Acknowledgment: James Pagnotta: Media support analyst: Faculty of Dentistry;
University of British Columbia.

33



»

Figure 1.46. Florid osseous dysplasia: global distribution of those reports included in the systematic review. Green for
Western or predominantly Caucasian communities, blue for sub-Saharan African communities, violet for East Asian com-
munities, and red for Latin American communities. The lighter shades denote each of the four global groups or regions,
whereas the darker shade denotes a systematic review-included report for a particular state. If more than one such report

exists, the number over one is inserted for that state. Acknowledgment: James Pagnotta: Media support analyst: Faculty
of Dentistry; University of British Columbia.

=

, R
Ay
>

Figure 1.47. Focal osseous dysplasia: global distribution of those reports included in the systematic review. Green for
Western or predominantly Caucasian communities, blue for sub-Saharan African communities, violet for East Asian com-
munities, and red for Latin American communities. The lighter shades denote each of the four global groups or regions,
whereas the darker shade denotes a systematic review-included report for a particular state. If more than one such report

exists, the number over one is inserted for that state. Acknowledgment: James Pagnotta: Media support analyst: Faculty
of Dentistry; University of British Columbia.
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Figure 1.48. Idiopathic osteosclerosis: global distribution of those reports included in the systematic review. Green for
Western or predominantly Caucasian communities, blue for sub-Saharan African communities, violet for East Asian com-
munities, and red for Latin American communities. The lighter shades denote each of the four global groups or regions,
whereas the darker shade denotes a systematic review-included report for a particular state. If more than one such report
exists, the number over one is inserted for that state. Acknowledgment: James Pagnotta: Media support analyst: Faculty

of Dentistry; University of British Columbia.

of sub-Saharan African origin). Although the
global distribution for each lesion is largely deter-
mined by the number size and quality of the
systematic review-included reports, the lesions for
some communities are likely to be underreported.
These are discussed in Chapters 9 and 10.
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Chapter 2
Viewing conditions

Introduction

Conventional imaging is represented by both digital
and analog technologies, whose main features are
outlined and compared in Table 2.1. Conventional
imaging almost invariably precedes advanced
imaging, because it imparts less radiation dose, is
generally cheaper, is more widely available and—
particularly in regard to intraoral technology—
affords the best spatial resolution. This last feature
has so far not been remotely achieved by the enor-
mous advances in cone-beam computed tomogra-
phy (CBCT).

The optimal viewing conditions of the images
produced by conventional radiography employed
by specialist radiologists may differ markedly from
those used by many other clinicians. The latter
may generally review their radiographic imaging in
brightly lit clinical areas. Although this bright light-
ing assists in the proper evaluation of the patient,
it can catastrophically degrade the displayed radio-
graphic image. Because most dentists and oral and
macxillofacial specialists are their own radiologists,
they should use the same viewing conditions as
specialist radiologists for primary readings (radio-
logical diagnosis) of their patients’ images.

Image Display

Although Krupinski et al. found no difference
between the performance of radiologists using
monitors of differing luminance, the dwell-time
(time spent reviewing the image prior to diagnosis)
was significantly longer when it was read under
suboptimum viewing conditions.! The two factors
affecting display are the quality of the monitor and
the ambient lighting at the time of the review of
the image displayed on that monitor.

Oral and Maxillofacial Radiology: A Diagnostic Approach,
David MacDonald. © 2011 David MacDonald
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MONITORS

In medicine conventional radiographs taken for
diagnosis are read by radiologists on medical-grade
diagnostic grayscale (MGDG) monitors under
reduced ambient lighting. These monitors are
monochromatic. The main advantage of MGDG
monitors is their high luminence, which makes it
easier to see the entire grayscale from black to
white (Figure 2.1). The radiologist produces a
report, which accompanies the images. The refer-
ring clinician, using a “point-of-care” monitor
(usually a standard commercially available monitor
of variable quality, which may have a color display)
has the radiologist’s report to guide him/her (Figure
2.1c). Other important features of a MGDG monitor
are an optimal spatial resolution (image detail,
measured in line-pairs per millimeter (lp/mm))
and contrast resolution (discerning the difference
between two adjacent densities and commonly
expressed in bit-depth or gray levels), high bright-
ness, adjustment for the human eye’s nonlinear
perception, and self-calibration (Table 2.2.).

The displayed image should fully represent all
the data captured by the detector. Ideally, the
display of each pixel of the image captured by the
detector should be represented by a corresponding
pixel on the monitor display in order to optimize
the detector’s spatial resolution. This is a 1-to-1 or
1:1 display. Therefore, information contained
within the captured image may not be displayed
on the monitor if the display is not 1:1. Haak et
al. reported that ratios of 1:1 and 2:1 were signifi-
cantly better for detection of approximal caries
than a ratio of 7:1.% In their comparison of a stan-
dard desktop with a dedicated medical monitor,
Gutierrez et al. found that the standard desktop
display was clearly inadequate for diagnostic
radiology.’

These MGDG monitors are technologically
complex. Only the main features will be overviewed
here. The MGDG monitor’s grayscale standard-
display function (GSDF) is based on a phenomenon
called human-contrast sensitivity (HCS), which
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Table 2.1. A comparison between the imaging technologies available to dentists*

Brief description partly Silver bromide developed to X-rays cause emitted Array of field effect Scanned by red light
provided by Parks silver, the density of which electrons to collect in transmitters with a laser and emit blue light
(2008) provides the grayscale image. electron wells converted to polysilicon gate
grayscale image.

Vulnerability to damage?  No—unless poorly stored— Yes—by dropping and Yes—by dropping and Yes—frequently

heat fogs it autoclaving autoclaving unusable after 50 uses
Basic costs of detectors, Cheapest On average 10,000-20,000 On average 10,000—-20,000 Although 40-50 Euros
not including operating Note that the film is completely  Euros Euros each they last 50 uses
systems or software consumed in a single use. and the scanners are

expensive 10,000 Euros

The above costs were derived and converted into euros from the following URL: http://www.cliniciansreport.org/page/
additonal-studies-archive
This is also discussed by Parks (2007).

Immediate Image? No—chemical development of Yes Yes No—needs to be

latent image scanned into the patient
record

Likelihood of image No—unless reexposed before N/A N/A Yes—deteriorates with

degradation if delayed? developed delay before scanned

Special room required? Yes (dark room) No No Yes (dim room)

Noxious chemicals? Yes No No No

Whole surface available Yes No No Yes

for image capture?

Spatial resolution (detail)  Kodak InSight 20Ip/mm Kodak RVG-ui Kodak RVG 6000 20Ip/mm Planmeca Dixi

in line pairs per 20Ip/mm 16Ip/mm

millimeter? All above are from the 2005 report by Farman AG and Farman TT, who compared 17 detectors.”

Dynamic range? Narrow Narrow As wide as the phospher Wide

plate?
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Shorter exposure time?

More exposures
required for full-mouth
survey?

Retakes more likely?
Patient comfort?

Permit taking of vertical
bitewings?

Occlusal size available?

Panoramic radiograph?
Lateral cephalogram?

Infection control
challenges?

Integration with an

electronic patient record

(EPR)?
Image display

Optimal viewing
conditions?

Ease of image
enhancement?

Integrity of original
image (vulnerability to
fraud)?

Long-term storage?

Vulnerability of data in
the image to loss?

Telemedicine?

Yes—if E and F speed

No—optimum

No
Yes

Yes

Yes
Yes
Yes

No—disposal after single use

No—also scanned image
contains a fraction of the
information

Bright—light viewing box

All under reduced ambient lighting

No—brightness only

No

Yes—if properly developed
Not if properly developed and
stored, but will be destroyed if
surgery is destroyed

No

Same as E and F speed

Yes—smaller area
available for image capture

Yes—cone-cuts more likely
No—bulky and inflexible
No—bulky and inflexible

No

Yes
Yes
Yes

Yes

Same as E and F speed

Yes—smaller area
available for image capture

Yes—cone-cuts more likely
No—bulky and inflexible
No—bulky and inflexible

No
Not yet available
Not yet available

Yes

Yes

Yes—potential to be
shorter

No—same area available
for image capture as film

No
Yes—same as film

Yes—same as film

Yes
Yes
Yes
Yes

Yes

All 3 digital technologies under high brightness medical diagnostic-grade grayscale

monitor

Yes

Yes

Yes

No—almost all modern systems preserved original image; any subsequent
amendments are preserved as date-stamped editions

Unknown

Unknown

Can be vulnerable to computer viruses.
If the data is backed up to a remote facility it can survive destruction of the surgery.

Yes

Yes

Unknown

Yes

*Adapted from MacDonald DS. Factors to consider in the transition to digital radiological imaging. Journal of the Irish dental Association. 2009;55:26—34.
*Farman AG, Farman TT. A comparison of 18 different x-ray detectors currently used in dentistry. Oral Surg Oral Med Oral Pathol Oral Radiol Endod 2005;99:485-489.



Figure 2.1. Monitors. Monitor A is a 3-megapixel medical-grade diagnostic grayscale monitor used for primary radiological
diagnosis; monitor B is a 2-megapixel medical-grade diagnostic grayscale monitor used for primary radiological diagnosis;
monitor C is the point-of-care color monitor used at the chairside for accessing the electronic patient record, which integrates
those images already read on monitor A or B. Note that the lighting chosen was to optimize photography and is not the

reduced ambient lighting optimal for primary reading.

Table 2.2. Comparison between medical diagnostic grayscale monitor and ordinary general purpose monitors

Color
Electronic patient record

Primary radiographic diagnosis
(primary read)

Primary read in reduced ambient
lighting
DICOM

Brightness (luminance)

Grayscale with Windows operating
system (OS)

Maximum grayscale

possible

Spatial resolution

Grayscale standard display function
Luminance fades over time

Self-calibration

No (monochromatic)*
Yes (but without color)*
Yes

Yes—essential

Yes 12-bit
500cd/mm

8-bit

10.5-bit for mammography

2 megapixel = 1600 x 1200
3 megapixel = 2560 x 2048

Yes
Yes
Yes (if has 12-bit needed for DICOM)

*There are some color medical diagnostic-grade monitors.

40

Yes
Yes

No—used only as aide-memoire
at point-of-care

No—advisable but not essential

No 8-bit
Maximum is 250cd/mm; most are
much lower

8-bit
8-bit
1080 x 1024 but can be higher

No
Yes

No (almost all have only 8-bit)



takes the human eye’s nonlinear perception into
account. The human eye easily sees relatively small
changes in brighter areas than in darker areas. The
GSDF adjusts the brightness so that all areas have
the same level of perceptibility.*

Although the monitors employed for medical
diagnosis use 12-bit-depth technology, if they
operate within an operating system (OS) such as
Windows, they will resolve to only 8-bit depth (or
256 gray-level used by ordinary monitors). Despite
this, the medical monitors do require the 12-bit-
depth technology for accurate self-calibration,
which is performed to digital imaging and com-
munications in medicine (DICOM) standards.

Seto et al. results “indicate that medical dis-
play systems must be carefully ... calibrated to
ensure adequate image quality.”® Self-calibration
of the monitor’s luminance (brightness) ensures
that every time the dentist, in his/her essential
role as radiologist, reviews an image it is of optimal
quality. MGDG monitors are exceptionally bright,
optimally about 500 candela (candles) per square
meter (cd/m?). As all monitors fade with time, this
self-calibration ensures optimal and standardized
brightness until the backlight brightness falls below
the threshold and needs to be replaced.

AMBIENT LIGHTING (ILLUMINANCE)

The illuminance (reduced ambient lighting) essen-
tially goes in tandem with monitor brightness.
Recommendations for reduced ambient lighting in
diagnostic reading stations for conventional analog
(and digital) radiographs are 2-10 Ix (illuminance
is commonly expressed in lux or more simply Ix),
in comparison with 200-250 Ix in clinical viewing
stations in hospitals.® The evidence for the need
for reduced ambient lighting for dentistry is pro-
vided by Haak et al.” They found that differences
in monochromatic intensity were detected signifi-
cantly earlier if the ambient lighting was reduced
(70 1x versus the 1000 Ix recommended for the
dental operatory). More recently Hellen-Halme et
al. demonstrated that when the reduced ambient
lighting is less than 50 Ix there is a significant
increase in the accuracy of diagnosing approximal
caries.® Although both monitors used by Haak et
al. did not reach the National Electrical Manufac-
turers Association’s (NEMA) standards for DICOM,’
it was found that the flat screen monitor performed
better than the cathode ray tube (CRT) in the dental
operatory, probably because the flat screen monitor
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was brighter. Note that the type of monitor, whether
CRT and liquid crystal display (LCD), functioned
equally well provided they comply with DICOM
standards.*

Image Enhancement

Image enhancement of the captured image is
clearly an advantage that the digital technologies
have over film. Parks recently displayed and dis-
cussed several enhancements: these are density
(brightness), contrast, measurement, image inver-
sion, magnification, flashlight and pseudocolor.’
Although altering the brightness can lighten over-
exposed images, underexposed images should be
retaken. Therefore, the need to optimally expose
a solid-state detector is just as important as it is
for film. As indicated earlier, images should be
reviewed at a 1:1 ratio. This may not be always
possible, particularly for detectors with very high
spatial resolutions or large images such as pan-
oramic radiographs. In such cases a 1:1 ratio will
magnify (magnification) the image requiring the
clinician to scroll or pan through the image. Haak
et al. demonstrated that review of radiographic
images at higher magnification improves accuracy.?
Perhaps one of the most desired features of digital
radiology is measurement; nevertheless, Kal et al.
found that all processing algorithms provided sig-
nificantly shorter measurements of the endodontic
file lengths than their true length."

Koob et al. compared different image process-
ing modes or filters on the reproducibility and
accuracy of the assessment of approximal caries
viewed in CCDs." Although they found there were
no significant differences in reproducibility, the
exposure time influences the overall accuracy of
the central depth measurement of the approximal
carious lesion. Haiter-Neto et al. found that the
accuracy for the detection of noncavitated approxi-
mal caries among seven solid-state detectors was
not significant.!

Storage and Compression of Images

The need to review (read) the primary images
under optimal conditions also requires that these
images must be faithfully preserved and stored
so that they can be reaccessed and reread later.
This may be necessary as part of the continued
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management of the patient not only by the primary
clinician, but also for referral to another. These
images may also be required by the clinician to
defend him/herself against a legal suit like the one
overviewed in Chapter 1.

Adopting digital technology does not alleviate
the problem of long-term storage of all existing
films (analog images). Fundamentally, the storage
of electronic dental records must accurately pre-
serve the original content of the record (e.g., text,
image or chart).”® The record must include com-
plete information about the creation of any modi-
fication of the record (author, date, time, and exact
source of the record, such as workstation). The
format must be “read only” and protected from
unauthorized alteration, loss, damage, or any other
event that might make the patient information it
contains inaccessible. Many jurisdictions require
that digital clinical data be backed up to a remote
server. The advantage of this is that this data is
preserved if the surgery has been destroyed by fire
or natural catastrophe. The advantage to both the
dentist and his/her patients is that this data can
be retrieved and treatment quickly recommenced
at an alternative venue. This is particularly impor-
tant as the value of a practice is still based in part
on the goodwill represented by active patient
records.

Many jurisdictions require retention of dental
records for at least 10 years. The dentist consider-
ing adopting digital radiography needs to consider
this as it is likely that during that period at least
for some of his/her patients, s/he may need to
convert to a different system at least once. It is a
common experience that information technology
(IT) changes rapidly with time with a risk that dif-
ferent generations may become incompatible.
Therefore, in order to ensure that data survives
transfer from one system to another, the dentist
must ensure that not only should the systems be
DICOM-compatible, but also that all digital images
are transferred into the new record system without
a loss of data. So far there does not appear to be
a report to confirm that this can actually be
achieved in dentistry.

Although not much of an issue for a single
practitioner, the storage of images may present a
much greater challenge for a large group practice
that uses CBCT data for implants and orthodontic
cephalometry. Intraoral images account for only
hundreds of bytes of storage and panoramic radio-

graphs for only a few thousand. The very large
image files required for CBCT data quickly exhaust
even a very generous storage capacity, measured
in picabytes.

Compression of image files is an alternative
to increasing storage. Two systems are used for
compression, lossless and lossy. Lossless compres-
sion does not result in a loss of data. Lossy com-
pression, however, involves an irrevocable loss of
data. Although FEraso et al. reported that loss of
image quality is not a factor unless the file size is
reduced to 4% or less,' Fidler et al., who system-
atically reviewed the literature on lossy compres-
sion, reported that the amount of information lost
is difficult to express and standardize.' Therefore,
until lossy compression has been definitively
tested, all data contained in a clinical image file
must be preserved. Furthermore, the format of the
image at the time of creation remains the original.'
Therefore, scanning a film, even on a medical-
grade scanner, only creates a copy, the film is the
original image and must be preserved. Furthermore,
those images created digitally, remain the original
images, although they may have been printed onto
the appropriate quality of paper or transparencies
by medical-grade printers. These printouts are just
copies. It also follows that any modification of the
original image can only be an edition of the origi-
nal, which must remain unaltered. The later edition
should be automatically date-stamped with the
date of its later creation.

The dentist must understand that the image
s/he views on his/her monitor is not the original
image captured by the detector, This captured
image is in itself not the raw image captured by
the detector, but instead it is the image, which
has been automatically preprocessed so as to
compensate for defects such as nonfunctioning
pixels. The programs, which perform this prepro-
cessing, cannot be accessed and modified by the
dentist. It is this preprocessed or “presented” image
that constitutes the “original” image from a legal
perspective.

All referred digital images should ideally be
delivered on CDs or DVDs rather than emailed if a
local area network (LAN) is not available. Email is
not only not secure, but often requires lossy com-
pression of the original images. All image files
should be saved and stored as TIFF rather than as
JPEG images. The latter is prone to further lossy
compression each time it is opened.
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Chapter 3

Physiological phenomena and
radiological interpretation

Once the optimally made image is viewed under
optimal conditions by the trained and experienced
clinician, that image should be optimally inter-
preted. Unfortunately, physiological phenomena
within each clinician may exert their influence.' As
an educator and consultant in oral and maxillofa-
cial radiology I have observed two such phenom-
ena that are particularly important, certainly with
regard to student and general clinicians. These are
the reversible (or ambiguous) figures and the Mach
band effect.

Perhaps the best known of such reversible (or
ambiguous) figures is the “two faces or vase”
figure. When such a figure is viewed. only one
orientation can be perceived. This phenomenon is
believed to arise from the transmission of sensory
data to the visual cortex by way of at least two
alternate pathways. The clinical importance of this
phenomenon is that the clinician’s perception of a
particular image may change due to fatigue that
occurs in one pathway compelling the image data
to be transmitted by the other pathway. Figure 3.1
shows this phenomenon with some of my under-
graduate students in formal examinations. Although
it is expected that the clinician’s experience of this

Oral and Maxillofacial Radiology: A Diagnostic Approach,
David MacDonald. © 2011 David MacDonald

44

phenomenon will decline with further training and
practice, fatigue will always be a problem when
the workload increases. Examination-induced
fatigue may have contributed to these students’
response to this type of image.

The Mach band effect is ubiquitous in radiol-
ogy and occurs at the junction of two regions of
differing radiodensity (Figure 3.2), particularly
where there are superimposed structures. Although
this phenomenon is most frequently perceived on
the panoramic radiograph, it also is frequently
experienced upon reviewing the enamel-dentinal
junction (EDJ); the enamel margin immediately
adjacent to the EDJ is white, whereas the dentine
trends to black. The Mach band effect arises within
the retina and results from the physiological process
of lateral inhibition. With stimulation of a receptor
(either a rod or a cone) in addition to initiating the
transmission of an impulse toward the visual
cortex, inhibitory impulses are being transmitted
to neighboring receptors preventing them from
also discharging an impulse back to the visual
cortex.

The Mach band effect can be observed in any
panoramic radiograph, particularly in relation to
the secondary image of the contralateral lower
border of the mandible (Figure 3.3), but its effect
can be seen clearest in Figures 1.24 and 1.34. The
Mach band effect is a two-edged sword. Although
it is invaluable in assisting the clinician to perceive
otherwise small differences between adjacent den-
sities, it can create artifacts, particularly “fracture
lines” (Figure 3.3).
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Figure 3.1. Panoramic radiograph of florid osseous dys-
plasia (FOD). Some students and general dental clinicians
report the subjacent radiolucency rather than FOD.
Reprinted with permission from MacDonald-Jankowski DS.
Gigantiform cementoma occurring in two populations;
London and Hong Kong. Clinical Radiology 1992;45:
316-318.

@
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Figure 3.2. Mach band effect: Schematic diagram of (a)
two adjacent radiodensities as read by a densitometer and
(b) two adjacent radiodensities as perceived by the human
retina. The size of the step (a) is now greater, accentuating
the difference between the two densities and making the
step now easier to perceive. Reprinted with permission
from MacDonald-Jankowski DS. Fibrous dysplasia in the
jaws of a Hong Kong population: radiographic presentation
and systematic review. Dentomaxillofacial Radiology 1999;
28:195-202.

Figure 3.3. Panoramic radiograph displaying the Mach
band effect. It accentuates the soft-tissue shadows created
by the soft palate, dorsum of the tongue, and palatine tonsil
to mimic a fracture through the angle of the mandible. Note
1: The secondary image of the contralateral lower border
of the mandible is delineated by the Mach band effect.
Note 2: The white fingerprint marks are most likely to arise
from the fixer-contaminated fingers of the person taking it
out of the cassette and placing it into the processor.
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Chapter 4

Helical computed tomography

Introduction

Computed tomography (CT) can be divided broadly
into fan-beam CT (including helical computed
tomography [HCT] and its subsets), and cone-beam
computed tomography (CBCT) (Figure 4.1); the
latter is addressed in Chapter 5.

Computed tomography, particularly HCT, is
increasingly available for the investigation of face
and jaw lesions. This chapter introduces the vari-
ous types of computed tomography, while con-
centrating on HCT, and covers window level and
width, pitch, multidetector computed tomography,
3-dimensional (3-D) reformatting, and the limita-
tions of HCT. The indications for an increased need
for HCT are discussed.

Why Do We Need
Computed Tomography?

Formerly, clinicians relied on a clinical examina-
tion and “conventional radiography” (traditional
2-dimensional imaging) to assess and diagnose
lesions affecting the jawbones. Unfortunately, con-
ventional radiography generally reveals images
that lack the sensitivity to display small changes
in the bone. Conventional radiography also pres-
ents only as a 2-dimensional (2-D) image the
superimposition of all structures within the 3-D
volume of the region examined.

What Are the Basic
Construction and Principles of
Computed Tomography?

The CT unit has 3 main components, as shown in
Figure 4.2. The CT unit itself consists of the gantry
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(some of which may be angled up to 30°) and the
patient table (or bed or couch) that moves the
patient through the aperture in the gantry (Figure
4.2a), and the control console (Figure 4.2b). There
are currently 2 types of CT unit available: the third-
and fourth-generation units (Figure 4.3). The
former constitutes the vast majority of CT equip-
ment. For the third-generation CT, the X-ray tube
and the detectors, which occupy an arc, are fixed
in opposing positions within the gantry and rotate
as a unit around the patient when in operation
(Figure 4.3a), whereas for the fourth-generation
unit, the X-ray tube alone rotates within a com-
plete stationary ring of detectors (Figure 4.3b). The
advantage of the fourth-generation unit is that the
detectors have time to recover before being irradi-
ated again.

How is the Computed Tomographic
Image Displayed?

The display is a digital image reconstructed by the
computer as pixels (picture elements), which rep-
resent a 3-D block of tissue. The voxel is the pixel
size multiplied by the slice thickness (the voxel’s
length is from as low as Imm in some units to
20mm). Each pixel is assigned a CT number (see
later) representing tissue density. This density is
proportional to the degree to which the material
within the voxel has attenuated the X-ray beam.
The resultant attenuation coefficient of a particular
voxel reflects the mean of all tissues within it, the
proportion of hard to soft tissues, and the voxel
length (slice thickness).

There are 3 planes: X, Y, and Z. X and Y
together represent the axial plane, a transverse
plane through the patient. The Z plane represents
the head-to-toe long axis of the patient. Upon
inspection of an axial section, the pixels are repre-
sented by 2-D squares in the axial (XY) plane of
a 3-D section of tissue of a thickness in the Z
plane.
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Computed Tomography
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Figure 4.1. The classification and nomenclature of computed tomography.

Figure 4.2. The 3 components of the computed tomography unit. (a) The gantry, containing the X-ray tube and detectors,
and the table upon which the patient lies and is progressively advanced through the gantry; and (b) the control console
with monitor. This is separated from the CT unit by a lead wall, including a lead glass window. It is crucial to observe the
patient and gantry throughout the entire exposure, in case the exposure needs to be terminated. Reprinted with permission
from MacDonald-Jankowski DS, Li TK. Computed tomography for oral and maxillofacial surgeons. Part 1: Spiral computed
tomography. Asian Journal of Oral Maxillofacial Surgery 2006;18:68—77.

What is Helical Computed
Tomography?

HCT is also known as volume acquisition CT. As
Hounsfield’s genius introduced and developed the
concept of CT in 1968, that of Kalender introduced
HCT. HCT violates a previous firm tenet of radiol-
ogy: the patient should not move during the expo-

sure. Instead, HCT requires that the patient, who
remains motionless, be moved through the aperture
of the gantry during the generation of X-rays by the
rotating X-ray head (Figure 4.4a), creating a helix
or spiral of data. This is in contrast to the separate
incremental slices, which are stacked like coins, of
the conventional sequential slice CT (the original
technology of the 1970s and 1980s), now frequently
called “sequential CT” (SeqCT) (Figure 4.4b).



(a

3rd Generation CT

tube

(b)
4th Generation CT

Figure 4.3. The 2 types of computed tomography units
currently available. (a) The third-generation computed
tomography unit permits a fan array of detectors to rotate
around the patient in tandem with the rotating X-ray tube—
the X-ray beam is fan-shaped; and (b) the fourth-generation
computed tomography unit only permits rotation of the
X-ray tube within the continuous, but stationary, array of
detectors—the X-ray beam is fan-shaped. Reprinted with
permission from MacDonald-Jankowski DS, Li TK.
Computed tomography for oral and maxillofacial surgeons.
Part 1: Spiral computed tomography. Asian Journal of Oral
Macxillofacial Surgery 2006;18:68—-77.

How is Helical Computed
Tomography Better Than Sequential
Computed Tomography?

Because there is a continuous string of data encom-
passing a volume of the patient with HCT, this data
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(b)
Conventional CT

Figure 4.4. Helical and sequential computed tomography.
(a) In helical computed tomography, the rotating X-ray tube
describes a helix or spiral as it exposes the patient on the
bed continuously moving through the gantry; and (b) in
sequential computed tomography, the rotating X-ray tube
can only describe complete loops between incremental
movements of the patient’s table through the gantry.
Reprinted with permission from MacDonald-Jankowski DS,
Li TK. Computed tomography for oral and maxillofacial
surgeons. Part 1: Spiral computed tomography. Asian
Journal of Oral Maxillofacial Surgery 2006;18:68-77.

can be readily reconstructed to give 3-D images. To
achieve the same for SeqCT, the patient would
need to undergo a second exposure overlapping
with the first exposure, thus doubling the radiation
dose. Because the data produced by HCT repre-
sents a continuous volume of the patient, it can be
readily reconfigured to produce slices in any plane,
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including the coronal plane. However, the genera-
tion of coronal sections by SeqCT would require a
reexposure of the patient through a coronal head
position.

What Does the Data Found on the
Image Represent?

Reviewers of HCT images should understand these
terms: bone and soft-tissue windows, window
width (WW) and level (WE), and pitch.

BONE AND SOFT-TISSUE WINDOWS

Bone and soft-tissue windows and their widths and
levels are expressed in Hounsfield units (HU),

which are also called “CT numbers.” These range
from a minimum of —1000HU representing air
(fixed point), through OHU representing water
(fixed point), up to 3000HU representing dense
metal or bone. Bone and soft-tissue windows
(Figure 4.5) are 2 of the 3 standard protocols for
viewing the data captured by CT; the air window is
the third protocol and is used mainly by respiratory
physicians. Each of these protocols optimizes view-
ing of tissue types by appropriately adjusting the
WL and WW. The soft-tissue window for face and
jaw lesions is sited close to that of water (0HU), WL
at 40 to 60HU, and WW at 250HU, whereas the
bone windows for such lesions are WL at 250 to
S00 HU and WW 1000 to 2000HU or greater. The
level may be defined as equivalent to tuning a radio
into the desired frequency, whereas the width is

S/T window

Bone window

Figure 4.5. Soft-tissue and bone windows. The soft-tissue window (left image) displays cell-rich structures such as the
muscles, skin, salivary glands, brainstem, and blood vessels as “gray” structures, whereas the fatty subcutaneous tissues
and fascia appear almost as black as the air filled pharynx and mastoid air-cells—the bony structures appear as homoge-
neous white areas; and (right image) the bone window displays the bony structures in such detail that trabeculae could be
discerned. Note that bony structures appear slightly smaller in area than they do in the soft-tissue window. The bony window
displays soft tissue, but fat is appreciated as a darker gray shape in comparison to the nonfatty structures. Note: It is noticed
that, with the same slice thickness, the area covered by the bone image on the soft-tissue window appears larger than that
on the bone window. This is due to differences in windowing and levelling as well as the sharpness of the edges as defined
by the spatial filter. Reprinted with permission from MacDonald-Jankowski DS, Li TK. Computed tomography for oral and
maxillofacial surgeons. Part 1: Spiral computed tomography. Asian Journal of Oral Maxillofacial Surgery 2006;18:68—77.



equivalent to a filter. Formerly, the latter varied
greatly depending upon individual radiologists who
would then have the images formatted as a hard
copy for onward transmission to the referring clini-
cian along with the radiologist’s report. These con-
tained about 12 images per sheet and were reviewed
on a lightbox. It is now almost routine for the com-
plete dataset to be downloaded onto a CD/DVD and
forwarded to the clinician along with the radiolo-
gist’s report. The referring clinician, with the appro-
priate software, can handle the data to suit his or
her own requirements. In either scenario, the
accompanying radiologist’s reports should be
referred to while reviewing the images.

PITCH

Pitch is the tightness of the helix and affects the
spatial resolution (detail) that would be visible on
reconstruction. Because the string of data will be
longer for a pitch of 2:1 in comparison for one of
3:1 for a given volume of patient, it follows that
the radiation to the patient will be higher, although
the detail will be better when viewed on thin
reconstructed slices. For severe facial trauma a 1:1
pitch is best.

What is Multidetector
Computed Tomography?

Multidetector computed tomography (MDCT) is
a subset of HCT with up to 256 sets of X-ray
tubes and corresponding sensor arrays. This means
that the time needed to acquire data from a
given volume of the patient is correspondingly
reduced.

What is 3-Dimensional Reformatting
and Why is it Required?

Each original voxel is divided into cubes, called
cuberilles, by interpolation; each cuberille has the
same mean attenuation coefficient of the original
voxel (Figure 4.6). The need for this interpolation
arises because the original voxel’s resolution is
best in the axial plane, where the density of pixels
is greatest. Only those cuberilles that represent the
surface of the object of interest (OI) are projected
onto the monitor. The 3-D reconstructions are
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Figure 4.6. Fan-beam computed tomography achieves
3-dimensional reconstruction by dividing the voxel into
cuberilles, each with the same attenuation coefficient as
the original voxel. Reprinted with permission from
MacDonald-Jankowski DS, Li TK. Computed tomography
for oral and maxillofacial surgeons. Part 1: Spiral computed
tomography. Asian Journal of Oral Maxillofacial Surgery
2006;18:68-77.

capable of being rotated to display the reconstruc-
tion from any point of view (Figure 4.7).

The OI is broadly defined by, and selected
according to, its CT number. By fine adjustment
of the former, in addition to supplementary func-
tions such as “edit” with its “scalpel” (a digital
freehand tool perfectly analogous to the physical
scalpel), exquisite images are possible, particu-
larly if they are assigned different colors. Further-
more, the images can be rotated about any axis to
display any surface of the OI for both further
edition or definitive viewing. The OI can be
copied back into a second 3-D reconstruction of
the affected jaw and can be used for treatment
planning (Figure 4.8).

Already, it is becoming commonplace for neu-
roradiologists and neurosurgeons to collaborate to
identify cerebral aneurysms, define their extent
and associated tissue supplied by their end-arteries,
and determine the optimal site for intervention.
Furthermore, the 3-D reconstruction can facili-
tate computer-assisted design/computer-assisted
manufacturing (CAD/CAM) reconstruction of a
face following extensive ablative surgery or severe
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Figure 4.7. The 3-dimensional reconstruction of this postoperative mandible allows a fuller evaluation for definitive recon-
struction. Reprinted with permission from MacDonald-Jankowski DS, Li TK. Computed tomography for oral and maxillofacial
surgeons. Part 1: Spiral computed tomography. Asian Journal of Oral Maxillofacial Surgery 2006;18:68-77.

trauma. Blank and Kalender have précised the
principles and issues of virtual images.'

What Are the Limitations of Helical
Computed Tomography?

REDUCED RESOLUTION IN ALL PLANES
EXCEPT THE AXIAL PLANE
Before we develop this point, we must advise

readers that this limitation no longer applies to the
most-modern scanners using up to 256 detectors.

Scarfe reported that multiplanar reformatting
(MPR), especially in the coronal plane, was inad-
equate for the assessment of severe facial trauma
primarily oriented in the axial plane* because the
spatial resolution is greatest in the axial (XY)
plane.® Hoeffner et al. suggested that specific pro-
tocols are required for obtaining coronal MPR of
data acquired axially.* Nevertheless, although the
spatial resolution of HCT is poorer than that of
conventional radiography, the problem is caused
by having anisotropic cuberilles, which is intrinsic
to most fan-beam types of CT to which HCT
belongs. Only CBCT and the most-modern 4 to 256



Figure 4.8. Color-coded 3-dimensional reformatting dis-
plays the extent of the ameloblastoma (represented in red)
within the mandible. It has perforated the alveolar bone in
2 places (red). This reconstruction was produced by dis-
secting out the neoplasm and then replacing it within a
second reconstruction of the bony mandible. Reprinted
with permission from MacDonald-Jankowski DS, Li TK.
Computed tomography for oral and maxillofacial surgeons.
Part 1: Spiral computed tomography. Asian Journal of Oral
Maxillofacial Surgery 2006;18:68-77.

detectors MDCT units avoid this. They have isotro-
pic cuberilles (explained in Chapter 5.)

METAL STREAK OR SPRAY ARTIFACTS

Although streak or spray artifacts can degrade the
HCT image (Figure 4.9), as they do most other
imaging modalities, this can be reduced by metal
artifact-reduction (MAR) software.’® Furthermore,
Baum et al. suggested that a short additional HCT
parallel to the body of the mandible reduces arti-
facts behind the dental arch and improves the
overall diagnostic quality.®

INTRAOPERATIVE IMAGING IN THE
OPERATING THEATER
During an operation, it may be desirable to obtain

more images. So far it has not been possible to
make a mobile HCT for use in the operating theater.
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Figure 4.9. An axial computed tomographic section dis-
playing substantial metallic spraying arising from extensive
metal restorations. Figure courtesy of Dr. Montgomery
Martin, British Columbia Cancer Agency.

Figure 4.10. This example of virtual antroscopy by use of
the “navigator” program displays a 3-dimensional evalua-
tion of a lesion arising from the roof of the maxillary antrum.
Reprinted with permission from MacDonald-Jankowski DS,
Li TK. Computed tomography for oral and maxillofacial
surgeons. Part 1: Spiral computed tomography. Asian
Journal of Oral Maxillofacial Surgery 2006;18:68-77.
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Figure 4.11. An axial computed tomographic section
(bone window) displaying enhancement of the normal
blood vessels of the face.

In Chapter 5, we discover that CBCT has success-
fully addressed this issue.

LOW SENSITIVITY FOR IDENTIFICATION
OF SMALL TUMORS

Although HCT has a high specificity for metastatic
lesions, which, according to van den Brekel’s review

Figure 4.12. An axial computed tomographic section (soft-
tissue) displaying enhancement of a large hemangioma
affecting the face. The large blood vessels are also
enhanced.

is higher than MRI” it has a lower sensitivity. This is
largely due to the fact that the necrosis, which is
pathognomic for metastasis, is rarely visible in small
lesions. Therefore, the sensitivity of HCT is optimal
only for larger lesions, which are thereby more
likely to be associated with a poorer prognosis.

What Are the Indications for an
Increased Need for Helical
Computed Tomography?

In addition to osseointegrated implants, which
have transformed prosthodontics, there is a need
to evaluate complex fractures and to accurately
stage carcinoma. The last two are addressed in
Chapters 14 and 18, respectively.

What Are the Other Functions of
Helical Computed Tomography?

DENTASCAN

In addition to its more usual role of preimplant plan-
ning, Au-Yeung et al’s pictorial review displayed this
program’s capacity also to evaluate lesions affecting
the jaw, ranging from squamous cell carcinoma to
infection.®

VOLUME RENDERING

Volume rendering is a technique that uses the
concept of opacity, which quickly reconstructs a
3-D volume acquired on CT or MRI. The end result
is similar to a virtual anatomical dissection and can
assist surgical planning for a particular patient.
Cavalcanti and Antunes compared volume render-
ing with surface rendering for 20 patients and
found that the former improved visualization in
comparison to the latter.” It was also more sensitive
for the diagnosis of maxillofacial lesions—in par-
ticular, those that were primarily intraosseous.

COLOR-CODED 3-DIMENSIONAL
REFORMATTING

Color-coded 3-D reformatting may be done for
extensive lesions' by ascribing a separate color
to the lesion, the bone, and adjacent soft tissues.
This has been applied to an ameloblastoma in
Figure 4.8.



NAVIGATOR

This function of perspective volume rendering
permits virtual antroscopy to evaluate the surface
contours of antral lesions (Figure 4.10), virtual
arteroscopy for defining vascular lesions, and vir-
tual pharyngoscopy and laryngoscopy. This func-
tion has been applied to the maxillofacial region
by Tao et al.”

COMPUTER-ASSISTED
DESIGN/COMPUTER-ASSISTED
MANUFACTURING

CAD/CAM technology is such that it can be adopted
in any hospital for daily use. A Hong Kong group
used a 4-stage process to produce a “quantitative
osteotomy simulation bone model” that could
predict the postoperative appearance with photo-
realistic quality.”? CAD/CAM can generate 3-D
models by laser or by milling.

COMPUTED TOMOGRAPHY
ANGIOGRAPHY

Although Tipper et al. reported that the specificity
of computed tomographic angiography (CTA) for
the internal carotid artery approximates to that of
digital subtraction anglography,” Teksam et al.
commented that the presence of small aneurysms
may be easier to detect if they are aligned accord-
ing to the patient’s long axis rather than axially.!
A review by Tomandl et al. of the postprocessing
of intracranial CTA is relevant for the maxillofacial
region."

INTRAVENOUS CONTRAST

Intravenous contrast enhances blood vessels
(Figure 4.11). For optimal vascular and tissue con-
trast, Baum et al. recommend that 150 mL of con-
trast medium (CM) be delivered at 2.5 mL/second
flow rate with a start delay of 80 seconds.® It
should be appreciated that mild hypersensitivity
reactions occur in up to 12.7% with ionic CM and
3.1% with the lower osmolar nonionic CM, but
that the death rates for both are equal at 1 per
100,000 investigations.'® Bettmann has addressed
the frequently asked questions on CM-induced
allergies, nephropathy, and other risks.'” Figure
4.12 displays the use of intravenous contrast ren-
dering obvious a large hemangioma.
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Whenever contrast is used, regardless of
modality, precontrast images should be made first.

Conclusion

Although much objective work is required to fully
evaluate the quality of the predictive aspects of
HCT images, it cannot be denied that HCT has
completely transformed medical imaging. The cli-
nician is provided with a detailed preview of the
patient and his or her disease, thus minimizing the
risk of hidden features complicating both the pro-
cedure and its successful outcome. In this way,
HCT has the potential to enhance treatment and
procedure planning. The images, when appropri-
ately prepared, should be able to facilitate collabo-
ration between head and neck specialists, who
may be called together to treat a lesion in the most
effective manner.
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Chapter 5

Cone-beam computed tomography

What Is Cone-Beam
Computed Tomography?

Cone-beam computed tomography (CBCT) uses a
cone-shaped beam of X-ray photons rather than the
fan-shaped beam used by helical CT (HCT) (Figure
5.1). The cone’s shape can be either round or rect-
angular. CBCT can scan the region of interest in up
to a single 360° rotation in contrast to the multiple
rotations required by HCT using a fan beam. CBCT
interrogates a much smaller volume of tissue than
HCT. CBCT is also frequently called dental com-
puted tomography (DCT) or cone-beam volumetric
tomography (CBVT) or volumetric computed tomog-
raphy (VCT). Farman prefers CBCT because this
describes the principles of operation rather than its
application in dentistry or the resulting dataset.”"
CBCT has been applied to respiratory,” breast,® and
cardiac imaging.* CBCT has also been used during
craniospinal surgery.®

Why Is Cone-Beam Computed
Tomography Desirable?

The advantage of CBCT is its superior spatial reso-
lution (the ability to identify separately 2 minute
points very close together), relative to HCT, of
structures with high-contrast mineralized tissue
such as teeth and bone. CBCT, in addition to pro-
ducing 3-D images, can produce 2-D images similar
to the panoramic and cross-sectional reconstruc-
tions produced for preimplant assessment. Figure
5.2 displays both the 2-D and 3-D reconstructions
of a torus palatinus and exostoses.

Although HCT is an improvement on conven-
tional radiography with regard to elimination

Oral and Maxillofacial Radiology: A Diagnostic Approach,
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superimposition, 3-D reconstruction, and its excel-
lent contrast resolution, its spatial resolution is still
inadequate, particularly in comparison to intraoral
radiography. The current best spatial resolution for
CBCT is 6.5 line pairs per mm (0.076 mm minimum
voxel size), whereas for intraoral conventional
radiography it is at least 2 times that (see Table
2.1). Therefore, intraoral images will continue to
display fine features such as the ground-glass and
peau d’orange (orange peel) appearance of bone,
the poorer-defined margins associated with fibrous
dysplasia, and the fine cortices of other lesions. On
the other hand, the CBCT’s panoramic reconstruc-
tion is superior to that of a conventional panoramic
X-ray because it displays no superimposed second-
ary images and is geometrically more accurate.

How Does Cone-Beam Computed
Tomography Differ from Helical
Computed Tomography?

HCT uses a planar geometry and 2-D reconstruc-
tion, whereas CBCT performs nonplanar geometry
and a 3-D reconstruction.® CBCT reconstructs the
3-D images by generating cuberilles directly, each
with its own attenuation coefficient (Figure 5.3;
compare to Figure 4.6). This allows 3-D reconstruc-
tions with better spatial resolution in the Z plane
(patient’s long axis), in addition to the axial (XY)
plane. Except perhaps for the most modern
Multidetector computed tomographic (MDCT) units,
HCT can only produce cuberilles secondarily from
voxels (see Figure 4.6). CBCT’s cuberilles are called
isotropic voxels, which result in highly detailed 3-D
images (Figure 5.4).

Although many reconstruction algorithms for
CBCT have not achieved the performance observed
for the best MDCT, this is an area of active research
that will continue to improve the quality of CBCT
technology, with particular regard to its software.”
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Fan Beam CT

Used in ‘conventional’ Spiral CT

Cone Beam CT

Figure 5.1. The fan beam upon which helical computed
tomography is based interrogates only a slice of tissue,
whereas the cone beam of cone-beam computed tomog-
raphy interrogates a 3-dimensional region within a 360°
rotation. Reprinted with permission from MacDonald-
Jankowski DS, Orpe E. Computed tomography for oral and
maxillofacial surgeons. Part 2: Cone-beam computed
tomography. Asian Journal of Oral Maxillofacial Surgery
2006;18:85-92.

Vannier described “craniofacial” CBCT as a “dis-
ruptive technology” that changed the entire course
of an industry.® Because CBCT is relatively cheap
and compact, it can be readily accommodated in
the practitioner’s office where space and operating
costs are a small fraction of those incurred by
HCT.® Unfortunately, this ease of access facilitates
other significant problems, particularly inappropri-
ate criteria for its use. This is discussed later in this
chapter.

Most CBCT makes now use flat panel detec-
tors (FPDs) constructed of amorphous silicon,
rather than the image intensifiers frequently used
in HCT. Some CBCTs also use solid state chips.!
FPDs have the advantage of not producing the
geometric distortion that occurs with image inten-
sifiers. In addition, FPDs have a wider dynamic
range, better signal to noise ratio (SNR), and better
spatial resolution.’

Patient Posture During a Cone-Beam
Computed Tomography Examination

With the exception of the NewTom 3G, which
exposes the patient in the supine position, almost

all CBCT units expose the patient seated or stand-
ing upright (Figure 5.5). The gantry used can
range from the one designed solely for the CBCT
unit, such as the iCAT in Figure 5.5a, to that used
by the Promax 3D which is the same as that
used for panoramic tomography and cephalometry
(Figure 5.5b.).

Effects of Imaging Advances in
Clinical Practice

These advances have enhanced communications
between practitioners'® and between practitioners
and their patients. This has been accelerated by
the introduction of PACS and DICOM standards,
eliminating the physical transport of hardcopy as
printed transparencies, or softcopy as DVDs or
CDs. The DVD/CD is preferred because it contains
all the original data generated during the investi-
gation, rather than selected and manipulated
images printed on transparencies. The data on the
DVD/CD can be downloaded by clinicians, provid-
ing the treatment and reconstruction according to
individual requirements. However, this does need
the appropriate software, for example Simplant
(Materialise, Leuven, Belgium) and NobelGuide
(Nobel Biocare. Zurich, Switzerland).

How Does Cone-Beam Computed
Tomography Compare with Helical
Computed Tomography?

The advantages of CBCT over HCT are better spa-
tial resolution, lower radiation dose, smaller foot-
print, and lower cost.

BETTER SPATIAL RESOLUTION

The best spatial resolution of CBCT is 0.076 mm!!
minimum voxel size, whereas the best size for the
most modern HCT, is 0.35mm.

BETTER 3-DIMENSIONAL
RECONSTRUCTION

CBCT, by virtue of its isotropic voxels (see Figure
5.4), also allows better 3-D reconstruction in the Z
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Figure 5.2. Display of the coronal (top); and 3-dimensional (bottom) reconstruction of a torus palatinus and bilateral exo-
toses on the palatal aspect of the maxillary tuberosities. The metallic artifact observed on the coronal reconstruction at the
level of the black line on the bottom-right figure was minimized in the 3-dimensional reconstruction by excluding most of
the crowns, hence the pulp chambers rather then occlusal surfaces. There is still some residual metallic artifact observed
as white streaks on both exostoses. The unit used was an iCAT with a 0.2 mm voxel size. Reprinted with permission from
MacDonald-Jankowski DS, Orpe E. Computed tomography for oral and maxillofacial surgeons. Part 2: Cone-beam com-
puted tomography. Asian Journal of Oral Maxillofacial Surgery 2006;18:85-92.

plane in addition to the XY, thus allowing equally
high spatial resolution regardless of the plane of
reconstruction.

BETTER BONE IMAGING; POORER
CONTRAST RESOLUTION OR
SOFT-TISSUE IMAGING

CBCT is very good for intrinsically high-contrast
structures such as bone but, although the soft-
tissue outlines can be silhouetted by the air-filled
space outside and within them, differences within
the soft tissue cannot be resolved.” The main
reason for this is that CBCT generally uses 12-14-
bit technology rather than the 16-24-bit technology
used in HCT. Because the main indication for CBCT

is currently preimplant evaluation, a lack of a soft-
tissue image will have little impact. The main fea-
tures pertinent to implant assessment are bone
thickness, depth, and quality.

CONE-BEAM COMPUTED
TOMOGRAPHY ARTIFACTS

Unlike HCT, CBCT does not use Hounsfield units
(HU). Therefore, it is difficult to analyze bone
density. In addition, structures outside the area of
interest may cause beam-hardening.'® This is par-
ticularly a problem for small field of view (FOV),
such as the Accuitomo used in that study.'* CBCTs
designed to scan a large FOV with a large detector
and a primary beam with a higher kVp not only
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Cone Beam CT

Volume of
Tissue of jaw
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Figure 5.3. Cone-beam computed tomography recon-
structs the 3-dimensional images by generating cuberilles
directly, each with its own attenuation coefficient. This
allows 3-dimensional reconstructions with better resolution
in the Z axis, in addition to the axial (XY) plane. Helical
computed tomography, except the most modern MDCT,
can only produce cuberilles secondarily from voxels (see
Figure 4.6). Reprinted with permission from MacDonald-
Jankowski DS, Orpe E. Computed tomography fororal and
maxillofacial surgeons. Part 2: Cone-beam computed
tomography. Asian Journal of Oral Maxillofacial Surgery
2006;18:85-92.

appear to obviate these artifacts but may make
possible the application of HU." Katsumata et al.
(Asahi) suggest FPD produced fewer artifacts than
intensifying screen.

LOWER RADIATION DOSE

Ludlow et al. compared the radiation imparted by
8 different CBCT units to the tissues of the head
and neck according to the FDA’s recent dose limits.
They vary widely in terms of the radiation doses
of a panoramic radiograph from 4 to 54 panoramic
radiographs.’

The lower radiation dose of CBCT is in part
related to the short exposure time of its single 360°
rotation (or 180° for the mobile CBCT units for use
in the operating or emergency room or theatre'?).
This short range of scanning time minimizes risk
of movement artifacts. Tsiklakis et al. reported that
the already reduced effective dose inherent to
CBCT (DVT 9000, QR) can be further reduced to

Figure 5.4. Three-dimensional (3-D) reconstruction of the
data captured by a cone-beam computed tomographic
(CBCT) unit (iCAT). Because this image is constructed of
isotropic cuberilles, the spatial resolution is very good in
all three dimensions. Figure courtesy of Dr. Babak
Chehroudi, Faculty of Dentistry, University of British
Columbia.

the thyroid and cervical spine if lead shielding is
used."

ACCURACY OF MEASUREMENTS

An in vitro study (iCAT) by Moshiri et al. reported
that CBCT 2-D lateral cephalograms are more accu-
rate than conventional lateral cephalograms for
most linear measurements in the sagittal plane.”
An in vivo study (iCAT) by Grauer et al. found no
systematic differences between the average land-
mark coordinates of both modalities.’® Instead,
Grauer et al. reported that, when both modalities
are used in longitudinal studies for the same
patient, method error could produce clinically sig-
nificant differences.!® A systematic review (includ-
ing 8 reports of which only 1 was in vivo) by Lou
et al. concluded that each orthodontic landmark
contributed a characteristic error."” This error con-
tributed to inaccuracy of the measurement and was
reduced by repeated practice.’



Figure 5.5. There are many types of cone-beam computed tomographic units currently available. Two examples are dis-
played. The robust iCAT (a) has a seat, whereas the Promax 3D (b) uses a panoramic radiographic gantry in which the
patient stands. The control for positioning the patient within the Promax 3D is shown in (c). The exposure of all units should
be directed from outside the room in which the CBCT unit is sited. Such a control console is apparent through the window
behind the Promax 3D. The operator seated at the monitor also can observe the unit and patient during the entire
exposure.
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An in vitro report (iCAT) by Brown et al. on
the reliability and accuracy of linear measurements
between cephalometric landmarks on CBCT 3-D
images with direct measurements on dried skulls
reported that a reduction of the number of projec-
tions for the 3-D reconstruction did not reduce
accuracy; instead it may reduce radiation dose.?

Cone-Beam Computed Tomography
for Use in the Operating

or the Emergency Room During

a Procedure

The development of mobile CBCT units with a
C-arm allows any part of the body to be investi-
gated and, therefore, is usable in the emergency or
operating room, where the surgeon can perform
3-D real-time reconstruction. The radiation dose
for a jaw scan is equivalent to a panoramic X-ray
for a 180° scan, rather than the 360° scan common
to other CBCT units. These units deliver an even
lower dose to the parotid glands than a panoramic
X-ray.?! Pohlenz et al. have successfully used such
a unit on 179 oral and maxillofacial cases in the
operating room.*

What Are the Potential Uses for
Cone-Beam Computed Tomography?

Clearly, preoperative evaluation for implant place-
ment does and will continue to constitute a major-
ity of the referrals for CBCT for the foreseeable
future. Such referrals should be accompanied by
stents (see Figures 15.11 and 15.12) to ensure the
proper correlation of the site imaged to that in the
patient, thus ensuring optimum results. Hamada
et al. suggested that CBCT (Asahi) is suitable for
the assessment of alveolar bone grafting before and
after placement of dental implants or orthodontic
treatment of teeth adjacent to clefts.?® (Hitachi).
Hamada et al. also reported that 3-D CBCT dis-
played the integrity of the bone adjacent to the
subsequent implant.”® Oberoi et al. (Hitachi) fol-
lowed the eruption of canines into the cleft site
treated by bone grafts by 3-D CBCT.*

Neugebauer et al. (Galileos) reported the
importance of 3-D imaging with a high spatial reso-
lution of those third molars whose roots are in
contact with the mandibular canal.?®

An HCT report by Sharan et al. revealed that
a substantial proportion of teeth associated with
the floor of the maxillary antrum are intimately
associated with it.”® The superior spatial resolution
of CBCT would better determine the frequency of
this phenomenon.

Tsiklakis et al. reported that CBCT (DVT 9000
QR) produced high-quality diagnostic images of
the TMJ for a lower radiation dose than HCT.*
Maki et al. outlined the application of computa-
tional simulations using CBCT (MercuRay) to sim-
ulate condylar growth, bone formation, and
orthognathic surgery.?® Cevidanes et al. suggested
that their 3-D colored displacement mapping (DVT
9000, QR) could be applied to determine bone
remodeling following surgery.?

What Are the Restrictions of
Cone-Beam Computed Tomography?

THE USE OF CONTRAST MEDIA

Due to CBCT’s inherently poorer soft-tissue imag-
ing, the definitive assessment of malignant and
locally invasive lesions such as ameloblastomas
and myxomas requires the use of an intravenous
contrast medium. This must be delivered only to
patients in the supine position (see Figure 4.2a).
Therefore, apart from the NewTom 3G, all other
dental CBCTs, which investigate patients in the
seated or standing positions, are unsuitable for the
intravenous delivery of contrast to the patient.
Regardless of the patient’s position, such lesions
are best investigated by HCT, not only because
these are sited in medical facilities that are better
able to deal with adverse reactions, but HCT itself
also provides soft-tissue windows that may become
essential to determine the extension of these lesions
into the adjacent soft tissue if they have breached
the cortex.

ANATOMY AND PATHOLOGY
BEYOND THE ORAL AND
MAXILLOFACIAL REGION

Recently, the American Academy of Oral and
Maxillofacial Radiology® and the European
Academy of Dental and Maxillofacial Radiology®
have separately issued their guidelines for the use
of CBCT. Clinicians using this technology should



evaluate the entire dataset of each CBCT examina-
tion. How and who should do this are detailed in
each publication. An essential principle is that
those datasets derived from medium and large
FOVs, which include extragnathic structures such
as the base of the skull and the neck should be
reported by radiologists. The important lesions that
can arise in these extragnathic structures are
detailed in Chapters 16 to 18.

Conclusion

In the short time since CBCT first appeared on the
market, tremendous advances have been made:
a reduction in the footprint, an overall reduction
in radiation dose imparted by this technology,
improved spatial resolution, and increased versatil-
ity of the software. We can expect these to continue
in the near future. CBCT has already transformed
imaging of the face and jaws within the last decade
since the technology first emerged.
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Chapter 6

Magnetic resonance imaging

Part 1: Basic Principles

INTRODUCTION

During the 32 years since magnetic resonance
imaging (MRI) was first used to investigate a
patient in Aberdeen, Scotland,' it has become the
first-choice investigation for a number of lesions
affecting the face and jaws because of its ability to
distinguish clearly soft-tissue lesions from adjacent
healthy tissue. However, computed tomography
(CT) remains the primary cross-sectional modality
for the majority of cases because, among others
(better for evaluating cortical bone, less susceptible
to motion artifacts and so on) of its shorter scan-
ning time.*> MRI already plays an important role in
the evaluation and diagnosis of temporomandibu-
lar joint disorders and neoplasms of the face and
jaws. Part 1 of this series introduces the principles
of MRI and the terms most likely to be used in a
surgeon-radiologist dialogue. Part 2 will explain the
jargon and other MRI features that are most likely
to appear in a radiologist report. Part 3 will focus
on the pathology of the face and jaws displayed by
MRI and other clinical applications (such as for
preimplant evaluation/planning).

The MRI signal intensity depends on many
factors, including the sequence used. The most
common sequences used to image the jaws and
their lesions are T1-weighted and T2-weighted,
which will be explained later. New users must
address a steep learning curve, which not only
includes an understanding of this technology, but
also of the images it produces; for example, most
oral and maxillofacial clinicians are used to seeing
bone as white, not black. Oral and maxillofacial
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clinicians already familiar with CT images will
need to adjust further to the grayscale for soft
tissues because fat shows up as “very bright” in
contrast to black in the bone and soft-tissue
windows of CT.

WHAT IS MAGNETIC
RESONANCE IMAGING?

Although the MRI scanner and its images bear a
superficial resemblance to CT, the two imaging
modalities are completely different. MRI does not
use ionizing radiation, but rather a radiowave
“dialogue” with the patient’s tissues and lesion
within a magnetic field. Its efficacy as a clinical
imaging modality is based primarily upon the soft
tissues being proton-rich; they are composed of
between 70% and 90% water, which is concen-
trated hydrogen nuclei or protons. “MRI images are
obtained by measuring how rapidly hydrogen
nuclei of different tissues return to their resting
energy states after being excited by a strong mag-
netic field.”

The properties and amount of water within a
tissue can alter drastically with disease or injury;
MRI is very sensitive to the former and, therefore,
is a very sensitive diagnostic modality.> MRI images
display a better definition between the lesion and
the adjacent normal tissue than other imaging
modalities* generally available to the oral and max-
illofacial clinician.

WHY IS MAGNETIC RESONANCE
IMAGING SO SENSITIVE?

MRI detects subtle changes in the magnetism of
the atomic nucleus and thus probes much deeper
than X-rays, which interact only with the electron
shells. In addition to merely imaging anatomy and
pathology, MRI can, at its most advanced, investi-
gate organ function, probing in vivo chemistry and
visualizing brain activity.?
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COMPONENTS OF THE MAGNETIC
RESONANCE IMAGING SUITE

The MRI suite has 3 components: the magnet
room, the technical room, and the console room.
The “magnet room” contains the magnet and
radiofrequency (RF) coils. It is enclosed within a
faraday cage, which limits the influence of radio-
frequencies arising outside the magnet preventing
their interference with those generated by the
magnet. This cage is an RF-shielded enclosure
made of copper, aluminum, or steel sheets, and
includes the door and windows, which are made
of special wire-embedded glass. The door should
be closed at all times, save for entry or exit. All
equipment present or entering the magnet room
must be MR compatible. Figure 6.1 is a schematic
diagram displaying the principle components of
the MRI scanner.

The magnet

The magnet is the main component of the MRI
scanner. There are 4 types of magnets: air-cored
resistive magnets, iron-cored electromagnets, per-
manent magnets, and superconducting magnets.
The superconducting magnets produce excellent
field uniformity and stability. They are the most
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Figure 6.1. Schematic displaying the main elements of the
magnetic resonance imaging scanner properly juxtaposed.
The faraday cage is formed within the walls of the magnet
room and includes the doors. The radiofrequency coils are
applied directly to the part of the patient to be investigated,
whereas the gradient coils remain part of the scanner.
Reprinted with permission from MacDonald-Jankowski
DS, Magnetic resonance imaging for oral and maxillofacial
surgeons. Part 1: Basic principles. Asian Journal of Oral
Macxillofacial Surgery 2006;18:165-171.

frequently encountered type. They are liquid nitro-
gen or helium-cooled to 0° kelvin. This allows
the Niobium-Aluminum alloy magnet to lose all
its resistance to electrical current, enhancing its
field strength. Most magnets in clinical use are
within the midfield range of 0.5 to 1.5 tesla (T;
a measure of magnetic field strength), which is
suggested by Langlais et al. to be the optimum
range.* Nevertheless, Tutton and Goddard’s pic-
torial review® of 29 figures of “MRI of teeth” dis-
played very good images created on a 0.2 T scanner
(low-field strength). The patient, or part to be
imaged, is placed within a “tunnel.” Magnets of
less than 0.5T generally do not have to have a
tunnel and are “open.”! The signal-to-noise ratio
(SNR) is proportional to the field strength; the
higher the field strength the greater the SNR.°
Runge et al. advocated routine brain imaging at 3T
because this offers superior SNR and contrast-to-
noise ratio (CNR; see the later section on coils and
image quality) compared with those for 1.5T.
However, low field strength is preferred for implant
planning to reduce artifacts.

DISADVANTAGES OF MAGNETIC
RESONANCE IMAGING

Even when produced by the same manufacturer,
each magnet has its own inhomogeneities, which
uniquely affect the images produced. Therefore, if
the patient were to be reinvestigated on a different
MRI scanner, the exact images are unlikely to be
repeated; this is unlike CT. Studies comparing the
results derived from different scanners are very
few; Westwood et al. reported the difference
between three European institutions assessing
myocardial iron in patients with thalassemia.®

Air and bone appear to be black, because
they have fewer protons and give virtually no
signal. This is a problem for the maxillary antrum
in which the air-filled antrum is normally sepa-
rated from the thin bony walls by a thin antral
mucosa, which may not always be obvious depend-
ing both on its thinness and spatial resolution of
the MRI scanner.

Like any other type of medical imaging, move-
ment has a deleterious effect on the resultant
images. This is particularly important in view of the
relatively long scanning times; a routine MRI scan
can take 30 to 40 minutes compared with only 10
to 15 minutes for CT.* Unlike CT, in which the entire
volume data is available to manipulate, for example,
to produce bone and soft-tissue windows and their



variable widths, MRI has to scan each sequence
separately. Therefore, sections reformatted from the
T1-weighted (anatomy) and T2-weighted (pathol-
ogy) scans may not necessarily be from exactly the
corresponding anatomical sections, due to some
change in patient position between the sequences.
Nevertheless, the MRI technicians take very great
care to ensure that the patient’s head is effectively,
but comfortably, immobilized throughout the entire
MRI investigation.

PULSE SEQUENCE

All MR images are produced using a pulse sequence,
which is stored on the scanner computer. The
sequence contains RF pulses and gradient pulses
that have carefully controlled durations and
timings. Thereare many different types of sequence,
but they all have timing values that can be modi-
fied to obtain the required image contrast.’ All
sequences are dependent on the two timing values,
echo time (TE) and repetition time (TR).?

PROTON DENSITY

MRI is based on the natural magnetism that is
induced in the human body when it is placed in
the scanner’s magnetic field. The strength of this
magnetism depends on the proton density (PD) of
the tissues. PD is dependent on the number of
hydrogen atoms in the tissues; fluids and fats both
have high PDs so contrast between them is poor,
unless “fat suppressed,” discussed later in Part 2
(Figure 6.2). Nevertheless, PD is used to display
the roots of the cervical spinal cord.’ The PD
sequence uses a short TE (less than 40ms) and a
long TR (longer than 1500ms).’?

WHAT HAPPENS DURING A MAGNETIC
RESONANCE IMAGING SEQUENCE?

When a scanning sequence begins, the magnetism
within the tissues is knocked out of alignment with
the main field of the scanner (Z or longitudinal
axis) by the RF excitational pulses into the XY or
transverse plane. The XY realigned magnetism has
the potential to create its own signal. Characteristics
of this signal are determined by the gradient,
timing, and RF of the sequence.’ Once the RF
signal is turned off, the protons relax by giving off
energy (this energy loss is called free induction
decay, FID) to get back to the equilibrium position
along the Z axis. This energy loss is transferred to
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Figure 6.2. Proton density scan through the maxilla.
Because fat and soft tissues (containing water) are rich in
protons (hydrogen nuclei), they have a similar intensity;
both display gray shades. Contrast between fat and soft
tissues has been enhanced by “fat suppression,” which is
discussed in Part 3. Note the bright round “lump” on the
left face. This painless, gradually enlarging swelling was a
pleomorphic salivary adenoma. Compare its appearance
in Figures 6.3 and 6.4. Compare also the hyperintense
inflamed and nasal and antral mucosae with their presen-
tations in Figures 6.3 and 6.4. Reprinted with permission
from MacDonald-Jankowski DS. Magnetic resonance
imaging for oral and maxillofacial surgeons. Part 1: Basic
principles. Asian Journal of Oral Maxillofacial Surgery
2006;18:165-171.

surrounding molecules and results in a T1-weighted
signal. When the magnetic moments interfere with
adjacent protons, this causes dephasing and loss
of transverse magnetism resulting in a T2-weighted
signal.’ Relaxation, T1-weighted, and T2-weighted
will be discussed in more detail later in this part.

RADIOFREQUENCY COIL

The RF coil is made up of two separate coils; one
to transmit the RF pulse to the patient’s tissues and
lesion and the other to receive the MRI signal from
the patient’s tissues and lesion. The RF coil’s shape
and size is appropriate to the part of the body to
be investigated. There is a whole range of coils for
the head, parts of the spine, and major joints, and
even one for the temporomandibular joint.?
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HOW CAN THE RADIOFREQUENCY
COIL AFFECT IMAGE QUALITY?

Selection of the appropriate coil is of paramount
importance to achieve a high SNR and, conse-
quently, high spatial resolution. A coil that is able
to completely cover the region of interest so as to
produce an image with the highest SNR and homo-
geneity should be chosen. The coil must be cor-
rectly positioned because the signal decreases as
the distance from the coil increases. The decrease
in signal also produces a decrease in SNR; there-
fore all coils must be precisely tuned.®®

The bandwidth (BW) of RF frequencies
needed to encode the spatial positions of signals,
is also important for the SNR—the wider the BW,
the noisier the image and the lower the SNR.” If
the SNR is too low (the image appears fuzzy when
very low), the contrast will be poor and subtle
contrast changes may be obscured. Therefore,
according to McRobbie et al., the CNR is the most
important aspect of the MRI’s image quality.> SNR
and CNR are not equal, in that a thick slice can
give a good SNR but poor CNR. However, if the
CNR or SNR are too low, the noise will obscure the
spatial resolution.

The magnetic field strength is also an impor-
tant factor in image quality. In dentistry, low field
strength reduces artifacts from metal,” which is
often more important. However, this may now be
less of an issue because of new strategies and pro-
grams. Kakimoto et al. reported that metal artifacts
rendered the CT images for 2 of their 9 patients
useless, whereas those of the MRIs were unaf-
fected.’® Artifacts are briefly discussed later.

DISPLAYING AND REVIEWING
THE IMAGES

Although many clinicians will still receive the
images printed out in a 12-image format to be
viewed on a standard viewing box, an increasing
number will receive them downloaded onto a CD/
DVD, which can be uploaded onto their computer
monitors. The images of both formats should be
read in conjunction with the radiologist’s report.

RELAXATION

Relaxation is the process the magnetization experi-
ences as it fades (like a tuning fork) or precesses
(like a spinning top) from the XY plane to the Z

axis. There are two relaxation processes: “spin-
lattice” and “spin-spin.” Spin-lattice controls the
growth/recovery of the magnetization along the Z
axis, and is also known as the “longitudinal proton
relaxation time” or the T1-weighted sequence.
Spin-spin controls the decay of the signal in the XY
plane, and is also known as “the transverse proton
relaxation time” or the T2-weighted sequence.
Spin-lattice and spin-spin will now be referred to
as T1-weighted and T2-weighted, respectively.’®

T1-WEIGHTING

T1-weighted scans are often known as “anatomy
scans” because their images display excellent con-
trast and most clearly show the boundaries between
different tissues (Figure 6.3). These boundaries are
made obvious by the fat-filled fascial planes; the
T1-weighted scan is also termed “fat scans.” The
central role of T1-weighted to display anatomy has
been illustrated by Li et al. in their report on the
presurgical evaluation of the parapharyngeal space.
The parameters of this space are defined by impor-
tant structures such as blood vessels, which can
be difficult to evaluate by clinical and other radio-
logical modalities." Further discussion of this and
other spaces is found in Chapter 16. T1-weighted
on its own has been applied to the TMJ to deter-
mine the position of the articular disc (see Figure
12.4). For a T1l-weighted image a short TE (less
than 40ms) and a short TR (less than 750ms) are
required.

T2-WEIGHTING

T2-weighted images take longer to acquire than
T1-weighted images. T2-weighted images are often
termed “pathology scans” because collections of
abnormal fluid are bright against the darker normal
tissue (Figure 6.4). T2-weighted images are also
called “water images.” T2-weighted images are
useful for detecting infection, hemorrhage, and
neoplasms.' For a T2-weighted image a long TE
(greater than 75ms) and a long TR (less than
1500ms) are required. Further discussion of T2-
weighted is deferred to Part 3. T1-weighted and
T2-weighted processes are independent of each
other.

The reader should be aware that not all
lesions are hyperintense on the T2-weighted
sequence, nor are they always distinguishable. The
more important of the strategies developed to



Figure 6.3. T1-weighted scan of the same section dis-
played in Figure 6.2. The subcutaneous fat and peripha-
ryngeal fat appear white (“bright” or "hyperintense”),
whereas the other soft tissues display a range of grays,
from very light (“hypointense”) to those represented by
skeletal muscle and the pleomorphic salivary adenoma
(“isointense”). The black areas represent air-filled spaces,
bone, or blood vessels containing fast-flowing blood.
Reprinted with permission from MacDonald-Jankowski DS.
Magnetic resonance imaging for oral and maxillofacial sur-
geons. Part 1: Basic principles. Asian Journal of Oral
Macxillofacial Surgery 2006;18:165-171.

address these feature later in this chapter. They are
contrast media, fat suppression (particularly “fat
saturation”) and other sequences.

WHAT ARE SPIN ECHO AND GRADIENT
ECHO SEQUENCES?

The signal that comes back from the patient is col-
lected as an echo. Echoes are produced in two
ways by the pulse sequence. The most common
pulse sequence is the spin echo (SE) because it
makes the best quality images. Because the SE
takes a long time—minutes rather than seconds—
fast (or turbo) spin echo (FSE), a variation of SE,
is often used to speed up the process.?

The gradient echo is represented by a whole
family of different pulse sequences. Examples of
these are fast low angle shot (FLASH), fast imaging
with steady state precession (FISP). These have
been developed to provide rapid acquisition, in
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Figure 6.4. T2-weighted scan of the same section dis-
played in Figures 6.2 and 6.3. This scan accentuates
water-rich tissues, which includes most lesions such as the
pleomorphic adenoma, and renders them hyperintense. In
some cases, it may be difficult to differentiate these areas
from fat, which is also hyperintense on T2-weighted scans.
Frequently, the fat signal is suppressed on T2-weighted
scans to further accentuate the water-containing features.
This image displays “fat suppression,” which is discussed
in Part 3. Reprinted with permission from MacDonald-
Jankowski DS Magnetic resonance imaging for oral and
maxillofacial surgeons. Part 1: Basic principles. Asian
Journal of Oral Maxillofacial Surgery 2006;18:165-171.

seconds rather than minutes. This minimizes
movement and physiological artifacts, increases
patient throughput, and allows dynamic studies.®

ARTIFACTS

Gray et al. identified two types of artifacts that may
be produced in the MRI of dental structures,! those
due to patient motion (Figure 6.5) and those due to
inhomogeneities in the magnetic field caused by
magnet susceptibility effects. Patient motion is
seldom the cause of artifacts when the patient has
been well instructed and is comfortably positioned.

The susceptibility artifacts presenting as geo-
metric distortions are caused by air/tissue or bone/
tissue artifacts and by the effect of ferromagnetic
metals. The former is more likely to be a problem
in high-field scanners (those operating above 1.5T),
but Gray et al. list strategies to minimize this effect.’
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Figure 6.5. Axial MRI displaying movement artifact. Figure
courtesy of Dr. Montgomery Martin, British Columbia
Cancer Agency.

The latter, occasioned by metal, are usually local-
ized areas of signal blackout adjacent to the metal
structure (Figure 6.6) except for orthodontic bands,
which may cause severe geometric distortion.
Concerns that the MRI image may have been dis-
torted, can be checked by using SPAMM (spatial
modulation of magnetization). This has been done
by Bridcut et al., using a 0.95T (Siemens) scanner,
“to provide a qualitative estimate of the accuracy
of the MRI when planning dental implants.”*

Eggers et al. (1.5T)® reported that all restor-
ative materials particularly amalgam and titanium
implants were magnetic resonance-compatible,
Starcukové et al. (1.5T)™ reported that titanium
was less so. Nevertheless its artifact was limited
only to the immediate area. This could be mini-
mized by shimming (see later). Lee et al." reported
the orientation of metallic orthopedic implants was
minimized if its long axis was parallel to the direc-
tion of the main magnetic field. As dental implants
are, or are close to being, parallel to the main
magnetic field, this criterion should be achievable
in most cases.

Figure 6.6. MRI images of a squamous cell carcinoma of
the floor of the mouth. Both T1-weighted (a) and T2-
weighted (b) images of the lesion have been degraded by
an artifact arising from restorations in the dentition imme-
diately adjacent to it. Figure courtesy of Dr. Montgomery
Martin, British Columbia Cancer Agency.

The presence of implants within patients
requiring an MRI investigation for an unrelated
matter raises serious safety concerns among medi-
cal radiologists and their staffs. Sawyer-Glover and
Shellock state that dental implants “are typically



held in place with sufficient counterforces to
prevent them from being moved or dislodged” up
to 1.5 T (the usual maximum magnetic field strength
at the time their review was published).!®

SAFETY FIRST!

Although Clarke et al. showed that the provision
of MRI can significantly reduce the CT collective
dose,”” we have to consider MRI safety. Although
this imaging technique is not “invasive” there
are potential dangers. To date, there have been
at least 13 reported deaths due to MRI accidents’®;
10 people with pacemakers died during a sequence
and 3 patients died following entry into the
core by ferrous equipment, including an oxygen
cylinder, while the patient was present.’> To mini-
mize such events, Kanal et al. recently set out
the American College of Radiology’s Guidance
Document for Safe MR Practices. Appliances are
labeled MR-Safe (square label), MR-Conditional
(triangular label; safe up to 1.5T) and MR-Unsafe
(round label).?

THE DANGERS OF MAGNETIC
RESONANCE IMAGING

The dangers, in decreasing order of importance,
are the magnet, RF exposure, and acoustic noise.

The magnet

Semiconducting magnets are on all the time. In
addition to attracting ferrous metal equipment into
the core and causing malfunction of pacemakers,
the magnet can displace arterial clips and metallic
foreign bodies (such as shrapnel) near the eye or
major vessels.'® Although tattoos can cause skin
reactions, they are not a contraindication for MRL '
The magnet is associated with claustrophobia,
which can be experienced by as many as a quarter
of all patients.! This often occurs for patients
undergoing maxillofacial imaging, because the
patient’s head is enclosed in the tunnel-like aper-
ture (indeed, the term “tunnel” is frequently used
for this aperture). Although, most modern units
have a two-way intercom to facilitate communica-
tions between patients and MRI staff, the patient
should be discouraged from talking because move-
ment would invalidate the images for that sequence.
Occasionally, it may be necessary to sedate or even
anesthetize a patient. To date, there have been no
adverse effects following investigation of pregnant
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women although, as a precaution, such investiga-
tions are to be avoided unless absolutely neces-
sary.” Extremely obese patients cannot fit in the
aperture of many machines.’

Radiofrequency exposure

The main danger associated with RF is tissue
heating due to RF exposure (akin to a microwave).
The patient’s temperature should not increase by
more than 1°C. This is achieved automatically
by monitoring and limiting the specific absorp-
tion rate based on the patient’s weight; therefore,
the patient’s weight is ascertained prior to the
procedure.?

Acoustic noise

The MR scanner is very noisy. It makes a “knock-
ing” sound, which can provoke headaches. This
noise is caused by the movement of the gradient
coils against their mountings, during the scan. The
noise can be more than 100dB for some sequences.
Hearing protection is recommended for patients
during scanning. Noise reduction is an active area
of development for manufacturers.?

Part 2: MRI Terminology Most
Frequent in the Radiologist’s Report

In addition to T1-weighted and T2-weighted,
the clinician is likely to see reference to inten-
sity, fat suppression (usually fat saturation) and
gadolinium.

MAGNETIC RESONANCE
IMAGING JARGON

Hyperintensity can be used to describe a bright
structure, due to fat in case of T1-weighted (Figure
6.7) and T2-weighted images, and fluid-filled
lesions in case of T2-weighted. Hypointense struc-
tures, both in T1-weighted and T2-weighted, are
dense calcified tissues (including calcified lesions)
and fast-flowing blood. Isointensity is exhibited by
the skeletal muscle in T1-weighted images (Figure
6.7).

FAT SUPPRESSION

Fat normally appears hyperintense on both T1-
weighted and T2-weighted scans. Unfortunately,
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Figure 6.7. T1-weighted gadolinium-enhanced images of
an advanced squamous cell carcinoma of the tongue. The
hyperintensity of fat in both images has not been fat-
suppressed. (a) Coronal T1-weighted showing the bilateral
lesion partially obturating the oropharynx and invading the
submandibular space. Note: The center of this lesion is
not very hyperintense because it is relatively not enhanced
and is as isointense as the skeletal muscle; and (b) axial
T1-weighted showing the lesion to have extensively
invaded the lateral pharyngeal space and obturated the
ipsilateral vallecula. Reprinted with permission from
MacDonald-Jankowski DS, Li TK, Matthew I. Magnetic
resonance imaging for oral and maxillofacial surgeons.
Part 2: Clinical applications. Asian Journal of Oral
Maxillofacial Surgery 2006;18:236—247.

particularly in T2-weighted scans, most lesions
(neoplastic, cystic, and inflammatory) are also
hyperintense. Therefore, in order to identify them,
the hyperintense fat signal has to be suppressed.
When contrast media is used in T1-weighted, fat
suppression is required to detect subtle lesions that
normally occur within fat-filled structures such as
bone marrow. Figure 6.8 displays T1-weighted and
T2-weighted images that have been fat-suppressed;
the hyperintense signal of the subcutaneous fat has
been suppressed in both scans. Another reason for
fat suppression is that a very hyperintense fat
signal can create an artifact a few pixels distant to
its real position; this is called the chemical shift.**
The clinical implications of this phenomenon will
be revealed later in this chapter.

There are four fat suppression methods, fat
saturation (FatSat or simply FS), short T1 inversion
recovery (or STIR), water excitation, and subtrac-
tion.”! Although fat saturation is frequently used,
it operates best in strong fields, which better dis-
tinguish between fat and water. Short T1 inversion
recovery (STIR), using a completely different mech-
anism, takes advantage of fat’s shorter T1 and
completely eliminates the fat signal. The advantage
of the latter is that the magnet need not be per-
fectly shimmed. Shimming is the reduction of
inhomogeneities within the magnet or ferromag-
netic metals outside it. Shimming can be fixed or
dynamic. Fixed can be active (using shimming
coils) or passive.?

CONTRAST MEDIA

Contrast media have already been encountered
with regards to helical CT, where they are used to
enhance blood vessels and vascularized tissues.

Why is contrast media required in

magnetic resonance imaging?

In MRI a contrast medium is used to obtain an
investigation within a reasonable time frame.’
Furthermore, although MRI is a very sensitive
imaging modality for pathology, it is not always
specific for a particular type. Therefore, contrast
media can improve specificity with only a slight
increase in the patient’s scan time. The available
contrast media include gadolinium and iron oxide
(superparamagnetic iron oxide, SP10).* Gadolinium
is often simply referred to by radiologists as “gad.”
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Figure 6.8. Fat-suppressed T1-weighted and T2-weighted images of a 7-year-old with painless progressive sublingual
swelling. A dermoid cyst is situated between the genioglossus. Other differential diagnoses were thyroglossal cysts and
cystic hygroma. (a) Gadolinium and fat-suppressed coronal T1-weighted showing gadolinium-enhanced blood vessels in
the capsule around the superior aspect of the cyst. Note: The normally hyperintense signal of the subcutaneous fat has
been suppressed (compare with that of Figure 6.5); and (b) fat-suppressed coronal T2-weighted showing the hyperintense
signal completely occupying the hypointense structure observed on the T1-weighted scan. The bilateral teardrop-shaped
structures are the saliva-filled sulci of the floor of the mouth. Reprinted with permission from MacDonald-Jankowski DS, Li
TK, Matthew |. Magnetic resonance imaging for oral and maxillofacial surgeons. Part 2: Clinical applications. Asian Journal
of Oral Maxillofacial Surgery 2006;18:236—247.

How does contrast media work? for bone and air to some for most other tissues,
All tissues have some degree of magnetic susceptibil- including fully oxygenated hemoglobulin), paramag-
ity, i.e., the degree to which they can get magnetized netic (deoxyhemoglobulin and gadolinium), super-
when placed in a strong magnetic field. Magnetic paramagnetic (ferritin, hemosiderin, and SPIO) to

susceptibility ranges from diamagnetic (from zero ferromagnetic (iron, nickel, and cobalt).?
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Figure 6.9. Sublingual swelling of 4-5 years duration, with occasional mild pain. Neuroma. (a) Gadolinium and fat- sup-
pressed axial T1-weighted image showing “ring” enhancement of peripheral blood vessels; and (b) fat-suppressed axial
T2-weighted image shows that the entire lesion is hyperintense. Most lesions are water-rich and will be hyperintense on
T2-weighted. Reprinted with permission from MacDonald-Jankowski DS, Li TK, Matthew I. Magnetic resonance imaging
for oral and maxillofacial surgeons. Part 2: Clinical applications. Asian Journal of Oral Maxillofacial Surgery 2006;18:

236-247.

After gadolinium is injected into the body, it
is rapidly distributed in the blood and is gradually
excreted by the kidneys over 24 hours. Gadolinium
enhances T1-weighted signals in the tissues as it
accumulates in richly vascular lesions (such as
most neoplasms) that become hyperintense
(Figures 6.9a, 6.10a, 6.1l1a; see also Whyte and
Chapeikin’s Figure 18%%). Because gadolinium and
fat are hyperintense, the definition of gadolinium-
enhanced tissue within a fat-rich region is further
enhanced by fat suppression.?

Gadolinium has recently shown to induce
nephrogenic systemic fibrosis (NSF).? NSF may
rapidly progress to wheelchair dependence in
many, intractable pain syndrome in some, and
occasionally death.? Although it is particularly the
gadodiamides that are most likely to provoke this,
caution on their use has been extended to other
forms, particularly if the patient has moderate
severe to severe renal insufficiency. The reason
why the gadodiamides are considerably more asso-
ciated with NSF is that they are thermodynamically

stable causing release of the unbound (or free)
gadolinium, which is toxic.** American® and
European®* authorities have suggested that the at-
risk patient should undergo dialysis within 3 hours
or 36 hours, respectively, of the investigation.

SPIO is available in several preparations; it
reduces the intensity in T2-weighted of those
tissues it accumulates in, most commonly the liver
and spleen (readily taken up by the Kupffer cells).
Therefore, suppression of the normal signal of the
adjacent normal tissue allows the lesion to become
conspicuous.® Anzai et al. have applied SPIO to
oral cancer (see later).” Only 6% of cases investi-
gated with SPIO contrast showed side effects, but
these complications were not serious and were
readily managed. Contrast media for MRI may also
induce adverse reactions similar to those already
discussed earlier for CT.

To determine whether enhancement has
occurred, it is standard to compare the contrast
images (usually T1-weighted with gadolinium)
with the previously taken noncontrast images.
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Figure 6.10. New, enlarged jugulodigastric node after partial glossectomy for squamous cell carcinoma. (a) Gadolinium
and fat-suppressed coronal T1-weighted image shows the gadolinium (hyperintense) “ring” enhancement of jugulodigastric
node, suggesting central necrosis indicative of metastasis; and (b) fat-suppressed coronal T2-weighted image confirms
hyperintense signal from the area of central necrosis, which has been defined by fat suppression. Reprinted with permis-
sion from MacDonald-Jankowski DS, Li TK, Matthew |. Magnetic resonance imaging for oral and maxillofacial surgeons.
Part 2: Clinical applications. Asian Journal of Oral Maxillofacial Surgery 2006;18:236—247.

Part 3: The Pathology of the Face
and Jaws That May Be Apparent on
Magnetic Resonance Imaging

This part focuses on the pathology of the face and
jaws displayed by MRI,

FACIAL PAIN

Goh et al. (1.0T) reported that 14% of their 42
trigeminal neuralgia (TN) cases were associated
with structural lesions; of these, 2 were vestibular
neuromas (formerly acoustic neuromas; see
Chapter 17).2° Therefore, they suggest that a routine
MRI should be considered for all TN patients. This
suggestion is supported by Tanaka et al. (1.5T; 3D-
Fast Asymmetry Spin Echo, FASE), who reported
that the majority of their 150 patients with TN had
neurovascular compression of the nerve root in the
cerebellopontine angle cistern.” Six patients in
their series had brain tumors.

Schmidt et al. suggested that a functional MRI
technique called blood oxygen level dependent

(BOLD) may improve our understanding of central
nervous system sites involved in pain transmission
and processing.?® BOLD takes advantage of the dif-
fering magnetic susceptibilities of fully oxygenated
hemoglobulin (diamagnetic) and deoxyhemoglob-
ulin (paramagnetic). The resultant changes in
blood oxygenation alter T2-weighted decay allow-
ing localization of distinct areas of the brain acti-
vated during delivery of painful stimuli.

FACIAL SWELLINGS

Browne et al. (1.5T) reported that MRI was suffi-
ciently accurate to diagnose or exclude some neo-
plasms.? MRI also appeared to be effective in the
diagnosis of inflammatory disease, including infec-
tions (Figure 6.12).

MALIGNANCIES

Diagnosis and preoperative assessment
Despite many advances in our understanding of
head and neck cancer, the survival rates are still
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Figure 6.11. Painless gradually enlarging swelling of the
left parotid. Needle biopsy showed pleomorphic salivary
adenoma treated by superficial parotidectomy. (a)
Gadolinium and fat-suppressed axial T1-weighted image
showing gadolinium-enhanced blood vessels within this
neoplasm; and (b) fat-suppressed coronal T2-weighted
image showing the blood vessel-filed component of this
lesion that contributes to its hyperintensity. Reprinted with
permission from MacDonald-Jankowski DS, Li TK, Matthew
l. Magnetic resonance imaging for oral and maxillofacial
surgeons. Part 2: Clinical applications. Asian Journal of
Oral Maxillofacial Surgery 2006;18:236—247.

poor. This is largely a result of advanced disease
upon first presentation. Figure 6.7 presents one
such case. Most head and neck malignancies are
associated with squamous cell carcinomas (SCC),
predominantly of the mouth and pharynx. Although
imaging is infrequently the primary mode of diag-
nosis, it is invaluable in assisting the surgeon to
stage the lesion and determine the optimum course
of treatment (including palliation).

Nevertheless, spatial resolution could be a
limiting factor. Daisne et al. determined that neither
CT, MRI (1.5T) nor positron emission tomography
(PET) scanning adequately depicted superficial
tumor extension.” Furthermore, false positives
were seen for cartilage, extralaryngeal, and pre-
epiglottic extensions.

SCC is displayed on a T1-weighted scan as
isointense, which (particularly in case of the
tongue) can make it difficult to distinguish from
adjacent skeletal muscle. Figure 6.7 compares the
central relatively unenhanced area with skeletal
muscle. Hsu et al. (1.5T) maintain that direct
laryngoscopy is the most accurate in evaluating
the mucosal surface of the aerodigestive tract.’
Gadolinium-enhanced TI1-weighted images can
display the lingual lesion (Figures 6.7 and 6.13a).
On a T2-weighted scan, SCC is hyperintense and
can be readily distinguished without fat suppres-
sion because the tongue, which is a muscular
structure, contains little fat (Figure 6.13b).

Although MRI displays contrast enhancement
better than CT, this may be nullified by movement
artifacts produced during the longer scanning time
required to produce higher resolution and better
quality images.*

Involvement of adjacent bone

Bolzoni et al. (1.5T) reported that in a series of
MRIs of 43 patients with SCC before mandibulec-
tomy, 16 (of which 2 were false positives) dis-
played mandibular involvement.>* Although the
MRIs of the remaining 37 patients displayed corti-
cal integrity, one mandible was found microscopi-
cally to have become involved, and therefore a
false negative.

Imaizumi et al. (1,5T) reported that the speci-
ficity of MRI for cortical invasion was significantly
lower than for CT (p <0.001).” They postulated
that most of these false positives were due to the
chemical shift artifact of the bone marrow fat.
Rumboldt et al. recommend STIR (see fat suppres-
sion) to display bone marrow invasion as a hyper-
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Figure 6.12. Left buccal swelling and acute pain with no pus or discharge. It was considered to be a pleomorphic salivary
adenoma with malignant transformation, adenocystic carcinoma, and mucoepidermoid carcinoma. Aspirate showed
actinomyces-like organisms. (a) Gadolinium and fat-suppressed coronal T1-weighted image shows that gadolinium
enhances the blood supply to the parotid gland, which is very hyperintense. Few hypointense areas are visible atthe center;
and (b) fat-suppressed coronal T2-weighted image: the hypointensities on T1-weighted now appear hyperintense. Reprinted
with permission from MacDonald-Jankowski DS, Li TK, Matthew |. Magnetic resonance imaging for oral and maxillofacial
surgeons. Part 2: Clinical applications. Asian Journal of Oral Maxillofacial Surgery 2006;18:236—247.

intense signal (see Figures 5 and 6b in Rumboldt
et al.).3?

ASSESSMENT OF REGIONAL
LYMPH NODES

Metastasis to the regional lymph nodes is fre-
quent. Management of almost all cases must
therefore include these nodes even in those cases
where lymph node involvement is not apparent
clinically,** because the risk of occult metastasis

is high for oral, pharyngeal, and nasopharyngeal
cancers.’

Central necrosis within a lymph node appears
within a prominent “ring” due to the enhancement
by gadolinium on a T1-weighted scan. This is a
key indicator of metastasis (see Figure 6.10).
Furthermore, a neoplastic node is more likely to be
round, with the shortest diameter of it being greater
than 1cm. Reactive or inflammatory nodes are
more likely to be ovoid, with the shortest diameter
being less than lcm (Figure 6.14). This is dis-
cussed more fully in Chapter 18.
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Figure 6.13. Fat-suppressed T2-weighted scan displaying
squamous cell carcinoma of the tongue more prominently
than that displayed in a T1-weighted scan enhanced by
gadolinium and fat suppression. (a) Gadolinium fat-
suppressed coronal T1-weighted image showing gadolin-
ium- enhanced blood vessels atthe periphery of the lesion;
and (b) fat-suppressed coronal T2-weighted image shows
fat suppression accentuates the water-rich neoplasm.
Note: This enhancement is less within the tongue because
the tongue is a muscular structure that contains very little
fat. Reprinted with permission from MacDonald-Jankowski
DS, Li TK, Matthew |. Magnetic resonance imaging for oral
and maxillofacial surgeons. Part 2: Clinical applications.
Asian Journal of Oral Maxillofacial Surgery 2006;18:236—
247.

ASSESSMENT OF DEEPLY PLACED OR
INVADING CANCERS

The deep extension of laryngeal and pharyngeal
SCC, including submucosal extension beyond the
obvious primary mucosal lesion, cannot be accu-
rately assessed by endoscopy. Hsu et al. (1.5T)
demonstrated (in a retrospective and blinded study
of 75 patients with advanced cancers) that unen-
hanced T1-weighted scans are valuable to predict
the absence of fixation of head and neck cancers
to the prevertebral fascia.™

POSTTHERAPEUTIC IMAGING

Lell et al. (1.5T) reported that, in 39 cases of
advanced SCC, helical CT is better at displaying
posttherapeutic changes and tumor recurrences,
whereas MRI’s vaunted ability to differentiate tumors
is compromised by edema following radiotherapy.

VASCULAR LESIONS

Bentz et al. reported that 86.7% of the 324 con-
secutive cases of noninflammatory masses in the
salivary gland region of American children were
vascular (two-thirds were hemangiomas and one-
third were lymphangiomas).*”” High-flow vascular
malformations give a hypointense signal both on
T1-weighted and T2-weighted sequences.® CT and
digital subtraction angiography (DSA) are more
suited for investigation of arterial malformations
than arteriovenous malformations (AVMs). CT can
also readily display whether the lesion is uni- or
multilocular. Of the 9 patients reported by Kakimoto
etal. (1.5T), 8 were investigated using fat-suppressed
gadolinium-enhanced images, which afforded very
good detection of the vascularlesions.'® Additionally,
they reported that although phleboliths were best
detected on CT, in 2 cases the CT images were
degraded by the metal artifacts caused by dental
restorations. The fat suppression allowed the tumor
to show greater contrast than the adjacent tissues
(Figure 6.15a).

Tanaka et al. (1.5T) combined 3-D phase-
contrast MRI and T2-weighted with 3-D-FASE;
they were able to display the 3-D structure of the
hemangiomas and the feeding arteries without
using contrast media.’® Figure 6.15b displays MR
angiography.



Figure 6.14. An indurated ulcer is observed on the floor
of the mouth. It is 0.5cm in diameter. The jugulodigastric
lymph node and those nodes adjacent to submandibular
gland are displayed. Note: They are oval-shaped and may
be reactive rather than neoplastic; this is further indicated
by the shortest axis being less than 1cm. (a) Fat-
suppressed axial T2-weighted and (b) fat-suppressed
coronal T2-weighted images. Reprinted with permission
from MacDonald-Jankowski DS, Li TK, Matthew |. Magnetic
resonance imaging for oral and maxillofacial surgeons.
Part 2: Clinical applications. Asian Journal of Oral
Maxillofacial Surgery 2006;18:236-247.
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Figure 6.15. Hemangioma of the tongue. The labial lesion
had already been treated by laser. (a) Fat-suppressed
axial T2-weighted shows the extent of the hemangioma is
a clearly defined hyperintense signal; and (b) magnetic
resonance angiography image of the facial artery shows a
dilated facial artery and superior labial branch. Note: The
inferior labial branch is not visible because of previous
lasertreatment. Reprinted with permission from MacDonald-
Jankowski DS, Li TK, Matthew |. Magnetic resonance
imaging for oral and maxillofacial surgeons. Part 2: Clinical
applications. Asian Journal of Oral Maxillofacial Surgery
2006;18:236—-247.
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INFECTIONS

Infections of the face was touched on briefly earlier
(Figure 6.12). Kito et al. (1.5T) applied the FASE
variant of diffusion-weighed MRI (normally used
for strokes®) for locating head and neck abscesses
prior to drainage.* Miller et al. (1.5T; GE Medical
Systems) did not consider that the routine use
of gadolinium for investigating musculoskeletal
infection was necessary.” They found that fat-
suppressed T2-weighted scans gave comparable
results. Instead, they suggested that gadolinium-
enhanced T1-weighted scans be reserved for clini-
cally suspected infection in or around the joint and
in cases not responding to treatment due to pos-
sible abscess formation.
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Chapter 7

Positron emission tomography

Introduction

The basics of positron emission tomography (PET)
are introduced in this chapter; the clinical applica-
tions are further discussed in Chapter 18. PET is a
nuclear imaging technique based on metabolic
mechanisms. These mechanisms can be enzy-
matic, hormonal, or pharmacological. PET uses the
unique decay characteristics of nucleotides that
decay by positron emission. The labeled compound
is introduced into the body, usually intravenously,
and is distributed in the tissues in a manner deter-
mined by its biological properties

When the radioactive atom of a particular
labeled molecule decays, a positron is emitted from
the nucleus. The positron is an antimatter ana-
logue of an electron. It has the same mass as an
electron, but it carries a positive charge. It is pro-
duced when 18 isotope of fluorine decays to 18
isotope of oxygen. When a positron meets an elec-
tron they mutually annihilate each other, each
completely converted into 2 photons each of energy
511KeV (annihilation radiation) traveling in oppo-
site directions.

Such an event will be detected when each of
the two photons interact simultaneously with two
detectors on opposite sides of the detector ring
surrounding that part of the patient (Figure 7.1).
These detectors must lie within a column joining
the two, which passes through the site of annihila-
tion. This is called coincidence.!

PET Scanner

At a first glance the PET scanner looks like a CT
unit. Unlike CT, where the source of radiation
arising from the unit itself is outside the patient,
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in PET the source of radiation arises from within
the patient. The PET scanner merely detects this
radiation. It achieves this by a stationary ring of
detectors that surround the patient or part of the
patient to be imaged. It converts and reconstructs
the signals from the detectors into a three-
dimensional image. The signal intensity of any
particular image voxel is proportional to the amount
of the radionucleotide (and hence the amount of
molecule to which it is attached) in that voxel.

FDG Tracer

There are a number of potential tracers, but 18
fluorine fluoro-deoxyglucose (FDG) is preferred
because it detects the intense accumulation of FDG
in malignant neoplasms. This reflects the increased
glycolytic rate of the malignant neoplasm.
Furthermore, its longer half-life (110 minutes)
allows sufficient time to transport it from the cyclo-
tron where it is produced to the hospital where it
will be delivered to the patient.

Once FDG has passed into the cell and has
been phosphorylated, unlike glucose-6-phosphate,
it can no longer be metabolized and remains in the
cell until it decays, thus marking the cell. During
the examination the kidneys are removing FDG,
which has not passed into the cell. This results in
areas of increased avidity in the kidneys and
bladder (Figure 7.2).

Standard Uptake Value

The standard uptake value (SUV) is the ratio
between measured uptake in a region of interest
(ROI) and the expected uptake if the FDG had been
evenly distributed throughout the patient.? It deter-
mines the sites of high activity, particularly of
metastatic lesions. Infections and rheumatoid
arthritis can cause false-positives, whereas slow-
growing adenocarcinomas or malignant neoplasms
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Figure 7.1. Coincidence. At the site of annihilation 2 photons of energy 511KeV are released and travel in opposite direc-
tions to interact with a detector at diametrically opposite sites on the stationary ring of detectors. These interactions result

in signals that then contribute to the subsequent image.

that are smaller than lcm can produce false
negatives.” Although FDG can also be used to
distinguish between high-grade and low-grade
lymphomas, the avidity of some low-grade lym-
phomas are so mild that a false-negative can
ensue.’

The use of SUV by head and neck specialties
at the British Columbia Cancer Agency (BCCA) has
been largely restricted to squamous cell carcinoma
(SCC). An SUV over 2.5 indicates that a lesion is
more likely to be malignant. Nevertheless, there is
a grey zone between frank malignant and frank
benign lesions. Computed tomography plays a sub-
stantial role if further determination is needed as
to whether the lesion is malignant. Lymph nodes
that are greater than 1cm wide, round in shape
and enhancing with an SUV of 2.5 are considered
to be malignant, whereas those that are no more
than 0.8 cm, kidney-bean or oval shaped, and have
a fatty hilum are considered to be benign.

Clinical Application

The main clinical application of PET in head and
neck oncology is the diagnosis of SCC (Figure 7.3;
see also Figures 18.32 and 18.33). A systematic

review by Facey et al. revealed that FDG-PET
improved the detection of occult head and neck
tumors—a task all other modalities failed. They
also observed that it improved the staging of clini-
cally positive regional cervical lymph nodes. FDG-
PET also improved the staging of lymphoma.® A
systematic review by Isle et al. reported that PET
was highly accurate in the detection of recurrent
or persistent SCC of the head and neck. Nevertheless,
it was less sensitive for recurrences within 10
weeks postoperatively.*

Although PET may also assist the clinician to
differentiate between a residual neoplasm and any
changes provoked by therapy, such as inflamma-
tion, periodontal and periapical pathology increase
the uptake of FDG.® Therefore, care is required for
interpretation of such hypermetabolic areas near
suspected cancer.

Multimodality PET Imaging

This combines PET and helical computed tomogra-
phy (HCT) technology. The advantage of this com-
bined modality imaging is that the tissue density
information provided by the HCT can now be used
to calculate an attenuation correction for the PET
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Figure 7.2. This image is derived from a combination of
the modalities of positron emission tomography (PET) and
helical computed tomography (HCT). This almost whole-
body PET/CT image can display areas of increased metab-
olism. Such an area can be observed in one lung. Other
areas are observed in both kidneys and the bladder sug-
gesting that in addition to radioactive decay, which is nec-
essary to produce the PET image, the radioisotope is being
removed from the body in the usual way. This is particularly
important after the examination has been completed so as
to minimize radiation dose to the patient. Figure courtesy
of Dr. Thomas Li, Hong Kong.

image.® Isles et al. reported that currently there
were insufficient studies upon which to perform a
systematic review.*

An outstanding issue is radiation dose, espe-
cially from the HCT.® Nevertheless, this combina-
tion of metabolic imaging with anatomical
information has become an important modality for
detecting hitherto unknown primary tumors and
identifying distant metastasis.’

Currently, there is no single modality that can
safely predict carcinoma invasion of the mandible.
Nevertheless, this is likely to improve with devel-
opment of better spatial resolution®; The discussion
on PET and PET/CT is continued in Chapter 18.

Figure 7.3. Axial fused modalities positron emission tomo-
graph (PET) and helical computed tomography (HCT) (a)
and a separate HCT examination (b) of a squamous cell
carcinoma (SCC) affecting the base or dorsum of the
tongue. The avidity of the SCC is clearly seen on the PET/
CT image (a), whereas on the HCT with intravenous con-
trast (b), it is less obviously enhanced. Note: The sterno-
cleidomastoid and the platysma muscles have been
removed on one side. Figure courtesy of Dr. Montgomery
Martin, British Columbia Cancer Agency.
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Chapter 8
Basics of ultrasound

Ultrasound or ultrasonography (US) has become an
increasingly common applied modality in oral and
maxillofacial radiology.' It is not used just in diag-
nosis but also in therapy. Therapeutically, diagnos-
tic US can be used to guide microsurgery for calculi
or strictures; therapeutic US can be used to break
up larger calculi by lithotripsy.

Overview of US Technology
and Terminology

US is a medical imaging technique that uses high
frequency sound waves and their echoes. The
range of diagnostic US lies between 1-20MHz. A
US scanner transducer converts electrical energy
into sonic energy. The piezoelectric crystal, the
most important component of the transducer,
undergoes rapid changes in thickness in response
to an electric current. Such changes induce the
sound waves (ultrasound), which then enter the
patient.

Each tissue has a different acoustic imped-
ance, determining what proportion of the ultra-
sound energy is absorbed and how much is reflected
back. It is this reflected energy which, upon reach-
ing the transducer, carries the clinically important
information. Upon reaching the transducer, it
causes a change in the crystal’s thickness. This
information, after amplification and processing, is
displayed. Modern equipment processes the
reflected echoes with such rapidity that a percep-
tion of motion or real-time imaging can be appreci-
ated. The acoustic impedance of a tissue changes
with disease.
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Clinical Applications of Ultrasound

US has been used to diagnose calculi and other
pathology affecting the submandibular and parotid
glands.'” Figure 8.1 displays a dermoid cyst within
the tongue and Figures 13.3c and 17.18c display
mumps and Warthin’s tumor respectively.

Calculi, if small enough, can be retrieved by
a wire basket under US guidance. This can all be
achieved under local anesthesia in the dental chair
in an outpatient facility, The only surgery required
is of the ostium to facilitate delivery of the basket
containing the stone.*

Lithotripsy breaks the larger calculi by thera-
peutic ultrasound. Extracorporeal shock wave litho-
tripsy (ESWL) is a procedure used to shatter simple
stones.® Pulses of ultrasonic waves are passed
through the body until they strike the dense stones,
which they pulverize so that they are more easily
passed out of the gland and its duct by the salivary
flow. It is generally now only used on parotid
calculi, except in those cases of calculi within the
submandibular gland. The lithotripter is placed on
the overlying skin, with cotton-wool in the buccal
sulcus to protect the teeth. Each session lasts 1
hour, with a week between sessions.

Other Applications Largely Used
in Medicine

US-guided biopsy of the salivary glands is dis-
cussed in Chapter 13.

Doppler US has been used mostly to measure
the rate of blood flow through the heart and major
arteries. Figure 13.3d is an example of the use of
Doppler US in the oral and maxillofacial region.
The direction of blood flow is shown in different
colors on the screen. Doppler US occurs when the
object reflecting the US waves is moving, and it



Figure 8.1. An ultrasound of a dermoid cyst. The magnetic
resonance images of the case are displayed by Figure 6.8.

creates a higher frequency if it is moving toward
the probe and a lower frequency if it is moving
away from the probe. How much the frequency is
changed depends upon how fast the object is
moving.
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Chapter 9
Radiolucencies

Introduction

A radiolucency is the black or darker area on a
conventional radiograph. It suggests an osteolytic
process, particularly when it presents in bone.
Most lesions associated with this process remain
radiolucent, whereas some subsequently acquire a
central opacity or opacities or eventually become
completely radiopaque. The latter are more fully
addressed in Chapter 10.

The flowcharts are based on the best evi-
dence, either from recent systematic reviews or,
where they are lacking, traditional narrative reviews
or recently reported large case series. As seen,
particularly in Figures 9.1-9.4, it generally flows
from the most important clinical and radiological
findings, addressing systemic lesions and malig-
nancies first and then cysts and benign neoplasms.
These flowcharts focus on the most common and
important lesions and are not exhaustive with
regard to the rarer lesions, particularly if they
respond well to the initial treatment—i.e., do not
recur.

Multiple radiolucencies, particularly if they
are distributed throughout the jaws suggest a sys-
temic cause, whereas the single radiolucency sug-
gests a local cause.

The degree of marginal definition is crucially
important to determine potentially serious disease.
If it is well defined, the radiolucency is more likely
to be benign; it is likely to be a benign neoplasm
or a cyst. A poorly defined radiolucency on the
other hand could represent a malignancy or
infection.

Locularity is essentially a feature of radiolu-
cencies; most are either unilocular or multilocular.
It is important to differentiate between multilocular
and scalloped radiolucencies because the latter is
a variant of a unilocular radiolucency. Although
unilocular radiolucencies are more likely to be
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odontogenic or simple bone cysts, multilocular
radiolucencies almost always are odontogenic neo-
plasms. Nevertheless, the early, and therefore the
dimensionally small, stage of some odontogenic
neoplasms may present as a unilocular radiolu-
cency. The multilocular radiolucency could be
characterized according to three patterns. Although
the soap-bubble and honeycomb would appear to
be nonspecific, the tennis racket is virtually pathog-
nomonic of the odontogenic myxoma.

The radiolucency’s relationship to mandibu-
lar canal or the image of the hard palate (on pan-
oramic or cephalometric radiographs) indicates
whether it is likely to be of odontogenic origin. If
the radiolucency is above the mandibular canal or
below the image of the hard palate, it is within the
dental alveolus and therefore likely to be of odon-
togenic origin. If the radiolucency is sited within
the alveolus, its relationship to teeth is important
to further refine the differential diagnosis. An asso-
ciation with the root of an erupted tooth, particu-
larly if it has a large carious lesion or a large
restoration, suggests the possibility of a necrotic
pulp, and then the radiolucency is likely to have
an inflammatory cause. If the radiolucency is asso-
ciated with the crown of an unerupted tooth, a
dentigerous cyst or an odontogenic neoplasm
(assuming a secondary relationship to it) should
be considered.

Lesions that commonly present as well-
defined radiolucencies are cysts and neoplasms.
Cysts are common and the majority are inflamma-
tory. Almost all true cysts and most benign neo-
plasms expand by hydrostatic pressure and are
therefore frequently spherical or nearly spherical
in shape. This shape is achieved in larger cysts and
neoplasms by displacing the buccal and lingual
cortices and presenting as buccolingual expansion.
Odontogenic lesions, arising within the alveolus,
if sufficiently large will displace the mandibular
canal downward. Additionally, all lesions can
reduce the diameter of the canal or can completely
erode its cortex (so that it is no longer visible) if
they are enveloping it.
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Radiolucencies occurring within the bony jaws
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Figure 9.1. Radiolucencies occurring within the bony jaws.

The effect of the radiolucency on the adjacent
teeth or anatomical structures is important. This
effect is manifested by either displacement or
erosion. The latter when applied to teeth, particu-
larly their roots, is termed root resorption. Although
all lesions presenting as radiolucencies may in due
course cause root resorption, this would appear to
be a particular feature of certain odontogenic neo-
plasms. Displacement of teeth and buccolingual
cortices are universal to all expansile lesions.

Giant cell lesions and hemangiomas each
have an extensive range of presentations. As a

result they appear in the differential diagnosis of
several lesions.

Some lesions that are generally understood to
be radiopaque, may appear initially as radiolucen-
cies in their earliest stage. This apparent inconsis-
tency is analogous to the clearing of a building site
and first excavating to establish the foundations of
the new building to be erected.

In addition to conventional radiography,
advanced imaging modalities such as computed
tomography (CT) and magnetic resonance (MRI)
are frequently used to investigate jaw lesions.
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Figure 9.2. Radiolucencies occurring within the bony jaws; solitary or focal lesions.

Although osteolytic lesions and structures are still
“black” on bone-window images made by either
helical computed tomography (HCT, see Chapter 4)
or cone-beam computed tomography (CBCT, see
Chapter 5), they appear “white” on soft-tissue
window HCT (see chapter 4) and MRI (see Chapter
6). Furthermore they may enhance with iodine-
based or gadolinium intravenous contrast for HCT
and MRI, respectively.

The term significant will be used only when
the feature it is qualifying is P <0.05.

Artifacts causing radiolucencies arise from
three main sources, image development, normal

anatomy and variants, and earlier treatment.
Because these have already been addressed in
other texts, they will not be considered further.

Multiple Radiolucencies

An early consideration in the review of the clinical
and radiological findings is whether the patient is
suffering from a generalized or systemic condition
or whether it is of a local nature. Generalized
disease can manifest itself in the context of radio-
lucencies by a generalized osteopenia—a reduction
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Figure 9.3. Radiolucencies occurring within the bony jaws; unilocular lesions

in trabeculae, both in their number and thickness,
and thin cortices.

THALASSEMIA

In younger patients, generally of Mediterreanean,
Middle Eastern, and South Asian extraction, such
a presentation may be indicative of thalassemia,
the most common genetic disease. The classical
features of thalassemia are hair-on-end appearance
of the vault of the skull, obliteration of the air-
sinuses and replacement of the normal trabecular
pattern by fewer coarse straight trabeculae (Figure

9.5; see also Figures 11.6 and 17.22 for other
images of the same patient).

The conventional radiological features of thal-
assemia affecting the jaws were reported in a
Middle Eastern community by Hazza et al."* The
maxillary antrum was obliterated in every case
(see Figure 11.6). The teeth displayed “spiky” roots,
an increased crown/root ratio, a reduction in the
lamina dura and taurodontism. In addition the
teeth display some delay in their development.

Thalassemia has not only a specific presenta-
tion upon diagnosis but also subsequently accord-
ing to the mode of treatment. Hypertransfusions
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Figure 9.4. Radiolucencies occurring within the bony jaws; multilocular lesions.

and chelating agents also affect changes in both
the skeleton and the extraskeletal organs,’ which
may be observed by radiology.

SICKLE CELL DISEASE

Although sickle cell disease is most frequently
found among West Africans and their Afro-
Caribbean and African-American descendants it is
also found among Mediterranean and Middle
Eastern communities. White et al.* reported that
its detection by fourier analysis is more effective
than counting struts. Fourier analysis revealed
increased trabecular spacing in sickle cell disease.’

MULTIPLE MYELOMA

Multiple myeloma is a plasma cell malignancy. Its
most frequent manifestation is that of widespread
disseminated disease. The multiple radiolucencies
affecting the vault of the skull classically confers a
pepper-pot appearance (see Figure 18.1). Ninety
percent of patients develop bone lesions, making
it the most common cancer to affect bone.°

It accounted for 43 % of all bone malignancies
in one report’s patient database.” Although the

jaws are affected in 30% of cases, 16% of multiple
myeloma first manifest in the jaws.” Generally
whole-body scanning is achieved by PET-CT (see
Chapter 7) using 18 fluorodeoxyglucose (FDG)
rather than technetium 99m.° Sixty percent of
patients develop pathological fractures.®

Observation of solitary osseous plasmacytoma
(SOP) in a radiograph of the jaws may enhance the
patient’s prognosis by earlier local treatment prior
to it becoming widespread disease. Seventy percent
of cases, if untreated, progress to multiple myeloma.
Thirty percent progress to multiple osteolytic
(radiolucent) lesions without marginal sclerosis; in
other words they present the classical “punched-
out” radiolucent presentation of multiple myeloma
going onto diffuse osteoporosis and finally diffuse
osteosclerosis.®. Witt et al. declared that neither
diffuse osteoporosis nor diffuse osteosclerosis was
observed in their case series.® Half of the SOPs
affecting the jaws were observed on radiographs,
they were radiolucent.® Pisaro et al. reported plas-
macytoma of the oral cavity frequently appeared
superimposed upon the roots of adjacent teeth and
were accompanied by pain and a raised red mucosal
lesion on the alveolar ridge. They need to be dis-
tinguished from a periapical radiolucency of inflam-
matory origin.’
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Figure 9.5. A lateral projection of the skull and a pan-
oramic radiograph of thalassemia. (a) The lateral projec-
tion of the skull displaying typical radiological features of
thalassemia; hair-on-end appearance of vault of skull,
completely obturated air-sinuses (the frontal, ethmoidal
sphenoidal, and maxillary). The mandible is also affected.
(b) Panoramic radiograph exhibiting few, but coarse and
linear, trabeculae within the enlarged mandible.

The literature emphasizes multiple myeloma’s
widespread manifestation of the skeleton. Neverthe-
less, it should be appreciated that this multisystem
disease also affects soft tissues as made obvious by
the MRI images of Figure 9.6a-c.

LANGERHANS CELL HISTIOCYTOSIS

Ninety percent of Langerhans cell histiocystosis
(LCH), formerly called “histiocytosis X,” is present
in individuals younger than 40 years of age; the
mean age is 19 years.'® Dagenais et al." were the
first to identify and qualify the radiological features
of LCH affecting the jaws. They reported that
almost all cases affected the posterior sextant of
the mandible and in a third of cases also affected
the posterior sextant of the maxilla. They found
that almost all cases presented as circular or ellipti-
cal radiolucencies (Figure 9.7). Although most
were well defined, particularly those affecting the
alveolus, a cortex or sclerosis was generally
observed only in that part of the lesion close to the
alveolar crest. Those in the alveolus were multiple,
whereas those in the basal process were solitary.
The majority of the alveolar lesions were sited
about the apices. The lamina dura was absent.
Root resorption though common was slight.
Although periosteal new bone was observed on
occlusal radiographs of lesions affecting the basal
process, buccolingual expansion was not observed,
except for involvement of the condyle and coro-
noid processes. Their report, largely consistent
with most earlier literature, did not mention “float-
ing teeth,” perhaps because almost all their lesions
were small, not one case presented with such a
feature. Tooth displacement was observed in one-
half of cases.”

OSTEOPOROSIS

Osteoporosis is a serious disease, but can be treated
if detected early, thus avoiding a hip fracture,
which, in the elderly, can be fatal."* Not only is
osteoporosis most frequently observed in post-
menopausal women, in which it is most severe, it
also affects men.” A radiological diagnosis of
osteoporosis may be readily determined from
examination of the thickness of the lower border
of the mandible on a panoramic radiograph. This
has been simplified even more and can now be
applied to the trabecular pattern on intraoral radio-
graphs.!* This can be achieved visually." The



Figure 9.6. Magnetic resonance imaging (MRI) of a case of multiple myeloma. See Figure 18.1 for a lateral conventional
radiograph of the skull displaying the salt-and-pepper pattern or pepper-pot pattern skull. (a) Coronal T2-weighted magnetic
resonance imaging (MRI) displays the neoplasm as a mass within the buccal tissues. It has a heterogeneous hyperintensity
within it. The mucosa of the ipsilateral maxillary antrum is very hyperintense, suggestive of sinusitis. The lateral exophytic
mass is suggestive of the neoplastic invasion. There is also a hyperintense area within the bone marrow superolateral to
the contralateral orbit, the cortex is absent, and the lesion is in continuity with a hyperintense lesion within the orbit. This
is suggestive of multiple lesions. (b) Axial T2-weighted magnetic resonance imaging (MRI) displays the neoplasm as a
mass within the buccal tissues. It is more hyperintense that the adjacent isointense masseter around whose anterior margin
it expands into the deep tissues of the cheek displacing the parotid duct and the subcutaneous tissues outward. The pos-
terior aspect of the lesion abuts the deep pole of the left parotid gland. The neck of the condyle appears substantially
eroded. The ipsilateral lateral pterygoid muscle has been substantially infiltrated. (c) Coronal (non-fat-saturated) T1-
weighted magnetic resonance imaging (MRI) displays the neoplasm as a mass within the buccal tissues. It appears more
isointense in contrast to the more hyperintense fat tissues. Although it is clearly distinguished form the parotid gland the
lingual cortex of the base of the neck of the condyle is absent suggesting its infiltration of the marrow space. The attach-
ment of the ipsilateral lateral pterygoid to the neck of the condyle has been completely infiltrated. Figure courtesy of Dr.
Montgomery Martin, British Columbia Cancer Agency.
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Figure 9.7. Panoramic radiograph of Langerhan’s histio-
cytosis. There are two well-defined radiolucencies in the
posterior mandible superimposed upon the mandibular
canal. The more distal radiolucency is more translucent
and the mandibular canal appears not only widened but
does not exhibit the canal’s superior or inferior cortex. Its
margin is delimited by some sclerosis. The mesial radiolu-
cency’s mesial border has the contralateral lower border
of the mandible superimposed upon it.

Osteodent research project has recently indicated
that dentists now can have a role in the detection
and referral of patients with osteoporosis. '

HYPERPARATHYROIDISM

The radiology of hyperparathyroidism affecting the
jaws, in addition to generalized bone resorption,
osteopenia, and osteosclerosis, may reveal local-
ized lesions. These are “brown tumors” and are
rarely reported. They may appear either as radio-
lucencies or leontiasis ossea (discussed further in
Chapter 10). A brown tumor presenting as a radio-
lucency is displayed in Figure 10.9b.

There are three types of hyperparathyroidism,
and they all have their effects by disrupting normal
calcium homeostasis.'*” The most common type
is primary hyperparathyroidism, which presents as
a disease in middle- to old-aged patients, princi-
pally women. Its most common cause is a secreting

adenoma arising in one of the 4 parathyroid glands.
Occasionally, a secreting carcinoma can cause it.'®
The secondary type frequently is secondary
to chronic renal insufficiency (CRI)* and familial
disease,'” The third type may arise from neoplasia
within the parathyroid glands. These glands” hyper-
activity is induced by the above and other diseases
and generally persists even after the disease that
induced them has been treated. Although hemodi-
alysis has greatly improved the longevity of patients
suffering from CRI, its side effect renal osteodystro-
phy (ROD) still remains a real risk, particularly in
those patients whose adherence to the recom-
mended diet is poor. ROD manifests itself as calci-
fied deposits. Although Asaumi et al.' indicated
that these calcified deposits around the jaws can
be adequately displayed by conventional radiogra-
phy and that advanced imaging such as HCT and
MRI add little, Chang et al. illustrated that extent
and structure of ROD within the hard palate was
best displayed by HCT.!® Calcification within the
arteries is discussed further in Chapter 10.

Localized Poorly
Defined Radiolucencies

Localized poorly defined radiolucencies suggest
both lesions of local origin and of an aggressive
nature. Such disease could be either infections or
malignant neoplasms. The primary differentiation
between them, in the majority of cases, is made
upon the clinical findings.

The majority of malignant neoplasms, particu-
larly squamous cell carcinomas (SCC), are poorly
defined (Figure 9.8; see also Figure 1.31) and destroy
rather than displace bony structures. On occasion,
malignancies may present with well-defined mar-
gins (Figure 9.9). In such cases other features such
as widening of the periodontal ligament space and
“floating teeth” and the “spiking” pattern of root
resorption (Figure 9.10) may direct the clinician
toward consideration of a malignancy.

SCC is the most frequent malignancy of the
oral cavity and oropharynx. The World Health
Organization’s Oral Health Program reveals that its
age-standardized rate (ASR) is equal to or exceeds
6.9 cases per 100,000 world standard population
formalesin North America, most of Europe (except
Northern Europe), the Indian subcontinent,
Australia, Brazil, and Southern and Eastern Africa.*
For females, the ASR is similar or greater than 6.9
cases per 100,000 in the Indian subcontinent,
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Figure 9.8. Conventional radiographs, computed tomography (CT), and magnetic resonance imaging (MRI) of a carcinoma
arising from odontogenic lesion. (a) The panoramic radiograph displays an unerupted third molar with the apex of its com-
pletely formed root displaced through the lower border of the mandible. Although a normal follicle space is apparent on the
mesial and distal aspects of the crown of this tooth, the occlusal part has been irregularly expanded and largely delineated
by a band of sclerosis. Outside this band there is a large area of radiolucency that has a poorly defined periphery. (b) The
posterioanterior projection of the mandible does not delineate the buccal cortex, which must now be presumed to have
been perforated. The axial (c) and coronal (d) bone-window computed tomography confirm the substantial loss of the buccal
cortex. The neoplasm has now substantially expanded into the adjacent soft tissue. (e) Fragments of bone are observed
at the anterior periphery of the lesion. The precontrast axial soft-tissue window (c) shows that the neoplasm is subjacent
to the subcutaneous tissue of the facial skin. (f) The axial contrast section reveals enhancement at the periphery but also
as chords extending toward the neoplasm’s center indicating an extensive intralesional vasculature. The nonenhanced
areas are likely to represent necrosis. (g) The coronal section contrast soft-tissue window displays substantial peripheral
enhancement, but the center is substantially necrotic.

Ethiopia, some Southern African states, and New

opia, thern Al , Primary Intraosseous Squamous
Guinea.? Although it primarily presents as a lesion

on the oral mucosa, which will be primarily
addressed in Chapter 18, some arise within the
odontogenic epithelial remnants or “rests,” within
the jaw bones.

Although SCC far more frequently affects the
mucosa rather than the bony jaws, this chapter will
focus only on the latter, whereas the former is
especially considered in the Chapter 18.

Cell Carcinomas (ICD-0 9270/3)

Eversole et al. defined the primary intraosseous
squamous cell carcinoma (PIOSCC) as “a central
jaw carcinoma derived from odontogenic epithelial
remnants. Subcategories of PIOSCC include (1) a
solid tumor that invades marrow spaces and
induces osseous resorption, (2) squamous cancer
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Figure 9.8. (Continued).

arising from the lining of an odontogenic cyst and
(3) a squamous cell carcinoma in association with
other benign epithelial odontogenic tumors. When
the tumor destroys the cortex and merges with the
surface mucosa, it may be difficult to distinguish
between a PIOSCC and a true carcinoma arising
from the oral mucosa. Invasion from an antral
primary must also be excluded.”*

Eversole et al. also report that PIOSCCs are
found twice more frequently in males.” Although

they generally first present with a mean age of 55
years, cases affecting infants have been reported.
They are usually found in the posterior sextant
of the mandible (Figures 9.8 and 9.11). If they
affect the maxilla, they are most frequently
observed in the anterior sextant. Although some
produce swelling and/or mental paresthesia, the
majority are symptom-free and found incidentally
on radiographs. Radiographically, early lesions are
often indistinguishable from odontogenic cysts



Figure 9.9. Panoramic radiograph of a well-differentiated
carcinoma. Although its margin is largely well defined, the
widening of the periodontal ligament space on the mesial
root of the first molar and the “floating” premolars directs
the clinician to consider a malignancy; there is also some
resorption of the apices of the premolars. Note: This case
should be assessed for paresthesia of the lip. The lesion
is sited at the mental foramen.

(Figure 9.11). Cortical destruction and invasion of
the adjacent soft tissue are features of late lesions
(see Figure 9.8).

A PIOSCC associated with an impacted man-
dibular third molar (see Figure 9.8) is associated
with a more favorable prognosis. They are, never-
theless, infrequently reported.”

Huang et al.s recent report on Chinese solid-
type PIOSCCs reported them as high-grade malig-
nancies which frequently metastasize to regional
lymph nodes.?? They also have a high recurrence
rate (76% at 5 years posttreatment) and thus a
high mortality.?

Radiolucency of
Inflammatory Origin

Radiolucencies of inflammatory origin arise from a
dental infection. This most frequently arises from
a necrotic pulp secondary to dental caries or
trauma. The radiolucencies that result are most
frequently sited at the apex of the affected tooth
and are unilocular. When observed on a radio-
graph, these are best simply termed periapical
radiolucencies. On occasion such a lesion may arise
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from a lateral canal; it is called a lateral radicular
cyst, which is entirely different from a lateral peri-
odontal cyst (see later). Periodontal disease can
also produce in radiolucencies. These are associ-
ated with pockets arising within bone, including
loss of bone at the furcation. Radiolucencies associ-
ated with inflammation can also arise secondarily
in a preexisting lesion such as a cyst or neoplasm.
These infected cysts or neoplasms can appear both
clinically and radiologically difficult to distinguish
from a malignant neoplasm. Infected keratocystic
odontogenic tumors affecting the maxillary antrum
can present clinically and radiologically as antral
malignancies (Figure 11.20).%

Periapical Radiolucencies of
Inflammatory Origin

The periapical radiolucency is classically juxtapo-
sitioned to the apex of a tooth, which has a large
carious lesion or large restoration or is fractured
and/or is unresponsive to vitality testing, suggest-
ing pulpal necrosis. Nevertheless, such a finding
should prompt pulp-vitality testing of affected
tooth/teeth because any lesion can present first as
a periapical radiolucency, such as osseous dyspla-
sia (Figure 9.12), the already-mentioned PIOSSC,*!"*
and SCC (see Figures 9.9 and 9.10). Other clinically
significant lesions that have been reported recently
to present as a periapical radiolucency have been
the ameloblastomas (Figure 9.13)**° and the giant
cell lesion.*

The term periapical radiolucency is the most
appropriate to use when an inflammatory process
is suspected because it encompasses the granu-
loma, the cyst, and the abscess, which differ his-
tologically. Many attempts have been made to
correlate the various radiological features of the
periapical radiolucency (including its size) with its
resultant histopathology. Almost all have substan-
tially failed, other than to report that the periapical
radiolucency is more likely to be a cyst if it is large
and it has a well-defined margin.

The second edition of the WHO’s histologi-
cal typing of odontogenic tumors describes the
radicular cysts as “a cyst arising from the epithelial
residues (rests of Malassez) on the periodontal
ligament as a consequence of inflammation, usu-
ally following the death of the dental pulp.””
Radicular cysts are the most common cyst found
in the jaws. Although they may occur in relation



Figure 9.10. Conventional radiographs and computed tomography (CT) of a case of poorly differentiated mucoepidermoid
carcinoma. (a) Periapical radiograph exhibiting irregular bone loss (radiolucency) around the left lateral incisor. It is “float-
ing” and its root apex displays spiking pattern resorption. The canine’s root has also be resorbed but largely upon its mesial
surface. There is some spiking pattern root resorption on the ipsilateral central incisor. A mesiodens is also included within
the radiolucency. (b) Periapical radiolucency in addition shows periapical radiolucencies on the contralateral restored inci-
sors. (c) Anterior occlusal displays involvement of the floor of the nose. (d) Axial CT (bone window) reveals radiolucency
displacing the left lateral incisor buccally. It has a soft-tissue radiodensity at the periphery and a air-or-gas-filled center.

104
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Figure 9.11. Panoramic radiograph and computed tomography (CT) of a primary intraosseous carcinoma. (a) Panoramic
radiograph exhibits a well-defined corticated unilocular radiolucency occupying the anterior half of the vertical ramus from
the coronoid process to the posterior body of the mandible. The last molar’s roots have been displaced mesially. (b) Axial
CT (bone window), at the level of the occlusal plane, displaying buccolingual expansion. The content of the lesion is soft
tissue at the periphery and air or gas at the center. (c) Coronal CT (bone window), at the level of the condyle, reveals the

same features observed in (b).

to any nonvital tooth, they are infrequently associ-
ated with deciduous teeth. They are most fre-
quently associated with teeth of the maxillary
anterior sextant. Their peak age at first presenta-
tion is the third and fourth decades. Males are
more frequently affected.”’

Gundappa et al. compared the images of peri-
apical lesions of ultrasound (US) with analogue
(film) and digital (charge-couple device) dental
radiography.?® The two dental radiographic tech-
nologies did not allow differentiation between
cysts and granulomas, whereas US did in each of
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Figure 9.12. The periapical radiographs display periapical radiolucencies associated with noncarious and pristine lower
incisors. These are most likely to represent early-stage osseous dysplastic lesions. A positive response to pulp vitality

testing is sufficient to confirm their diagnosis.

the 15 cases. They concluded that while dental
radiography determines the existence of the peri-
apical disease and its extent, US can determine
whether the lesion is or is not cystic if sufficient
buccal cortex has been resorbed. The underesti-
mate of the lesion’s size by US was attributed to
the acoustic shadow cast by the bony edges of the
lesion on its lateral walls.?®

Paradental Cyst

The paradental cyst also called the buccal bifurca-
tion cyst (BBC) was defined by the second edition
of the WHO histological typing of odontological
tumors as “a cyst occurring near to the cervical
margin of the lateral aspect of a root as a conse-
quence of an inflammatory process in a periodon-
tal pocket” ... “the histological features are ...
the same as those of the radicular cyst.”* It arises

from the odontogenic epithelium of the periodon-
tal ligament of a vital tooth. Its distinctive feature
is its association with the buccal or distal aspects
of an erupted mandibular molar tooth. This
tooth is most frequently the third molar (Figure
9.14). Similar cysts can arise from the buccal
aspect of the first molar tooth in 6- to 8-year-old
children.?

Pompura et al. reported the largest case series
of 44 cases in 31 patients presenting in a children’s
hospital over 3 years.*® They all presented with
tenderness and discomfort about the time of erup-
tion of the first molar. The eruption of the lingual
cusps occurs first, Some buccal swelling may be
present. The true occlusal radiograph best displays
most of the radiological characteristics of the BBC
and is recommended projection to complete the
investigation of the BBC. Figure 3 in Pompura et
al. is a panoramic radiograph that displays a BBC
that looks identical to a dentigerous cyst.*



Figure 9.13. A periapical radiolucency of a multilocular
ameloblastoma. It presents aa a radiolucency, which has
a well-defined inferior margin, but a poorly defined superior
margin subjacent to a grossly carious first molar with a
large furcation radiolucency. The two clues that this lesion
is not primarily of inflammatory origin are its multilocular
appearance and the fact thatits epicenter is notat or close
to the origin of inflammation.

Figure 9.14. Panoramic radiograph of buccal bifurcation
cyst. A well-defined partially corticated radiolucency is
superimposed upon the root of an unerupted third molar.
If has displaced the mandibular canal downward in addition
to reducing its diameter.
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The rarity of reports other that the preceding
indicates the infrequency of this lesion. Iatrou et
al. found it in only 9% of all intraosseous lesions
of the jaws of children.”

Lateral Periodontal Cyst

The lateral periodontal cyst was defined by the
second edition of the WHO’s classification of odon-
togenic neoplasms, as “a cyst occurring on the
lateral aspect or between the roots of vital teeth
and arising from odontogenic epithelial remnants,
but not as a result of inflammatory stimuli.”*
According to Shear and Speight, the term lateral
periodontal cyst should be “confined to those cysts
that occur in the lateral periodontal position (the
side of the tooth between the apex and cervical
margin of the root) and in which inflammatory
etiology and diagnosis of collateral OKC (now the
keratocystic odontogenic tumor—my parentheses)
have been eradicated on clinical and histopatho-
logical grounds.”® In other words a biopsy is
required for a definitive diagnosis. The reason for
this necessarily rather long and vague definition is
that most recent reports on this lesion have been
case reports and have not led to a consensus on
the pathogenesis of the lesion. Nevertheless, a fea-
sible pathogenesis, suggested by Shear and Speight,
is the lateral periodontal cyst’s histopathology of a
reduced enamel epithelium lining, representing a
lateral (-positioned) dentigerous cyst, which was
displaced apically as the tooth erupted. The most
classical image is Shear and Speight’s Figure 6.9.%
Two other potential origins they discuss are the
clear cell rests of the dental lamina and cells of
Malassez.*

The lateral periodontal cyst accounts for 24
cases referred to Shear’s South African pathology
service, at a mean annual rate of 0.7 cyst per year.*
Their average age of 6 reports**> is 47 (37-55)
years. Almost all lateral periodontal cysts first
present in the fifth to seventh decades, peaking in
the sixth. Overall there appears to be equality
between the sexes. Rasmussen reports that females
present younger than the males.’” Although the
sites vary between the reports, there is a general
predilection for anterior sextants.

The clinical presentation ranges from symp-
tomless and discovery incidental to a radiological
investigation for another clinical indication, to pain
and swelling, which may be fluctuant.”
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According to Altini and Shear,*® on radio-
graphs the lateral periodontal cysts present as
round or ovoid well-defined radiolucencies with a
“sclerotic margin.” They are generally smaller than
1cm. These features differ from those of “botryoid
cysts,” which are larger, multilocular and extend
apical to the periapical area. They do not display
root resorption.**

All lateral periodontal cysts occur anterior to
the molars; Formoso Senanda et al. report 3 man-
dibular lateral periodontal cysts were sited in the
premolar region.* Figure 1.26 displays an image
that is classical for a lateral periodontal cyst, except
that this is of a keratocystic odontogenic tumor
(KCOT), reinforcing the need to include the latter
in the differential diagnosis.

The mandibular premolars are the most fre-
quent site, followed by the maxillary anterior
sextant. Furthermore, Formoso Senande et al.
noted that all their 8 maxillary lateral periodontal
cysts were found between the lateral incisor and
the canine.’® This presentation recalls the globulo-
maxillary cyst, which, while it is no longer consid-
ered to be a true lesion, represents in most cases
either a lateral periodontal cyst or a KCOT.

Although the treatment is simple enucleation
without sacrifice of the associated tooth, if possi-
ble, Shear and Speight advise that those cases that
prove on histopathological examination to be of
the encapsulated multicystic variety, should be fol-
lowed up for a number of years because its behav-
ior is not yet completely certain.*

Botryoid Odontogenic Cyst

This is microscopically similar to the lateral peri-
odontal cyst, but additionally it is multicystic with
thin fibrous connective tissue septa.”” The name
botryoid is derived from its bunch-of-grapes-like
presentation reflecting its purported multilocular
radiological presentation.”

Méndez et al. synthesized the literature.”
Their synthesis revealed that 85% affected the
mandible, mainly the premolar-canine region,
whereas the maxillary cysts affected the anterior
sextant.” These sites are identical to those of the
lateral periodontal cyst. Two-thirds presented with
symptoms; therefore a third would have been
detected incidentally. The median age at first pre-
sentation was 54 years,* older than that for lateral
periodontal cysts.

Like the lateral periodontal cyst its margins
are well defined.

Although multilocular lesions, hitherto con-
sidered an essential characteristic of the botryoid
cyst, accounted for only 40% of all botryoid cysts,
they were significantly more frequently observed
among the 12 cases that recurred. Eleven cases that
recurred were multilocular, whereas only 5 of the
21 cases that did not recur were multilocular.

The slight predilection for females was not
reflected among the recurrences where there was
no gender bias. It was noted that those subjects
who had recurrence had a median age of 48 in
contrast to a median age of 55 years for those who
did not. A third recurred after a median of 8 years.*

Perhaps potential markers for a lesion that is
more likely to recur are multilocular radiolucencies
of 31 mm in contrast to 10mm first presenting in
early middle age (circa 40 years old)."

In summary, although this cyst has the broad
clinical and radiological appearance of a lateral
periodontal cyst and may be considered to be a
botryoid variant of the lateral periodontal cyst, it
is generally multilocular, presents with symptoms,
and tends to recur.”

Hemangioma

Waner and Suen substantially reclassified congeni-
tal vascular lesions of the head and neck into
hemangiomas and vascular malformations. The
former are “usually not present at birth, proliferate
during the first year and then involute,” whereas
the latter are “always present at birth, never pro-
liferate and never involute.”*

Zlotogorski et al’s synthesis of 86 cases of
hemangiomas affecting the jaws revealed predilec-
tions for females (56 %), the mandible (77 %), and
the posterior sextants of both jaws (64% for the
mandible and 82% for the maxilla). The mean age
was 23.3 (0-74) years.®

Of the 32% of hemangiomas displaying well-
defined borders, none were sited in the maxilla
(Figure 9.15). Ninety-six percent of the lesions
were radiolucent. Thirty-seven percent of the man-
dibular lesions and 25% of the maxillary lesions
were unilocular. Of the 38 multilocular lesions
affecting the mandible, 47%, 34%, and 8% were
honeycomb, soap-bubble, and spokelike, respec-
tively. Of the 12 multilocular lesions affecting the
maxilla, 42%, 42%, and 8% were honeycomb,



Figure 9.15. Anterioposterior projection of the mandible
displaying a hemangioma affecting the buccal half of the
posterior body of the mandible. It is well defined with
minimal buccolingual displacement. The only hint as to its
presence on the accompanying panoramic radiograph was
that the trabeculae, but not the teeth, appeared out of
focus.

soap-bubble, and spokelike, respectively. Root
resorption was reported for 20 cases, 17 in the
mandible. Tooth displacement was reported in 14
cases, 11 in the mandible. Of the 41 cases that
affected the posterior sextant of the mandible, 10
exhibited involvement of the mandibular canal.
This usually presented as an enlargement of the
canal’s width.®

Further clinical and radiological features that
may indicate the presence of a hemangioma are
port-wine stain on the skin, which may blanch
under pressure from a glass microscopic slide.
Ascultation may reveal bruits. Teeth may appear
larger and have erupted earlier on the affected side.
Thromboliths (Figure 9.16) may be observed in
hemangiomas that affect soft tissue. The heman-
gioma enhances on HCT (Figure 4.12) and on MRI
(Figure 6.15).

Pericoronal Radiolucencies

Pericoronal radiolucencies, particularly of man-
dibular third molars, occur frequently. They are
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Figure 9.16. Panoramic radiograph displaying thrombo-
liths within a hemangioma. The radiopacities are well
defined. The larger one in the center exhibits the alternat-
ing concentric radiopaque and radiolucent rings typical of
the target pattern, which is almost pathognomic of the
thrombolith.

particularly important because they not only
suggest cystic change within the follicle of the
unerupted tooth but may represent perhaps a neo-
plastic change within that follicle or a secondary
envelopment of it by a neoplasm. This neoplastic
change is most frequently benign, but it can be
malignant (see Figure 9.8). The mandibular third
molar site is also the most frequent site for occur-
rence of many odontogenic neoplasms; some recur
if misdiagnosed and inappropriately treated.
Radiolucencies associated with the crown of
a unerupted tooth are usually suggestive of dentig-
erous cysts, but not always. The review by Curran
et al. of the over 2,600 pericoronal surgical speci-
mens that had been referred to their pathological
service over 6 years revealed that only 67% were
not pathological, they were simply normal dental
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follicles.* Twenty-eight percent were dentigerous
cysts of which 35 included mucous cells. Of the
remaining 5%, 71 were “keratocysts” (see KCOT
later), 13 each were ameloblastomas and carcino-
mas, 6 were calcifying cystic odontogenic tumors,
4 were calcifying epithelial odontogenic tumors,
and one was an odontogenic myxoma. The reader
should note that the authors considered that only
a fraction of all specimens arising from unerupted
teeth within their community had actually been
referred to them. Furthermore, the specimens sent
were considered by the referring surgeon to be
potentially pathological. Not only did most come
from older patients but also, on subsequent histo-
pathology, those were found most likely to be
pathological.

An important feature, which distinguishes
dentigerous cysts and follicle spaces from more
serious lesions, is the relationship of the cyst to
the cementoenamel junction (CEJ) (Figure 9.17).

Figure 9.17. This is a panoramic radiograph displaying a
classical “central” pattern dentigerous cyst (DC) on the left.
The coronal radiolucency is attached at the cementoe-
namel junction at the mesial and distal aspects. The sym-
metrical enclosure of the crown within the radiolucency is
typical of the “central” pattern of radiological presentation
of a DC. Note 1: The DC has essentially two parts: the
cystic cavity itself and the tooth it is attached to. Therefore
the DC can affect adjacent structures directly (due to direct
contact between the cyst and them) or indirectly (by the
tooth it is attached to and them). This DC is affecting the
mandibular canal both directly (reducing the mandibular
canal’'s diameter mesially to the unerupted third molar) and
indirectly (reduction in the mandibular canal's diameter
and its downward displacement by the tooth).

Ikeshima et al. noted that the dentigerous cyst
attachment was closer to the CEJ than that of the
ameloblastoma.”® Other important features that
tend toward the likelihood of a dentigerous cyst are
unilocular radiolucency and an absence of root
resorption.

Dentigerous Cyst

The dentigerous cyst, as defined by the second
edition of the WHO, is a “cyst which encloses
the crown and is attached to the neck of an
unerupted tooth. It develops by accumulation of
fluid between the reduced enamel epithelium and
the crown, or between the layers of the reduced
enamel epithelium.”*

The relationship of the radiographic periph-
ery of the radiolucency surrounding the crown to
the “neck” or CEJ is crucially important to a diag-
nosis of a dentigerous cyst radiologically. Based
upon a study by Ikeshima et al.,* I conclude that
an attachment that is less that 1 mm apical to the
CEJ is strongly suggestive that the lesion could be
a dentigerous cyst.

The global distribution of reports included in
the systematic review* upon which much of the
following is derived is set out in Figure 1.41 and
their details in Table 9.1.

The prevalence of the dentigerous cyst could
be high at least in one Turkish community. Yildirim
et al. reported that pathological changes among
symptom-free third molars was 23 %, of which
two-thirds were dentigerous cysts, the rest were
calcifying cystic odontogenic tumors and “odonto-
genic keratocysts.”*®

The dentigerous cyst is most commonly asso-
ciated with a mandibular third molar (48%) (see
Figure 9.17), a maxillary canine (17%) (Figure
9.19), a mandibular premolar (10%) and a maxil-
lary third molar (4%).% It is also associated with
supernumeraries; 90 % of such cysts are associated
with mesiodens (Figures 9.18, 11.26). Kaugars et
al. reported that 28 % of odontomas had dentiger-
ous cysts.*

Dentigerous cysts affect males in 61 % of
cases of all ethnic groups (Table 9.1). Shear and
Speight report it more frequently in South African
Whites than in South African Blacks.” The man-
dible is affected in nearly two-thirds of cases
(64%). Ninety-two percent are found in the poste-
rior sextant of the mandible. This feature was sig-



Table 9.1. Dentigerous cyst: systematic review

Male :Female 61%:3%
Mean number per year per report INA

Mean age 31 years
Mean prior awareness INA

Mand :Max 64%:36%
Mand:Ant:Post 8%:92%
Max :Ant : Post 59%:41%
Swelling: Y:N 48% :52%
Pain: Y:N 32%:68%
Incidental: Y:N 24%:76%
Discharge: Y:N 15%:85%
Radiolucent INA

Uni : Multiloc INA
Welldefined: Y:N INA
Cortex: Y:N INA
Expansion: Y:N INA
Antrum: Y:N INA
ToothDispl: Y:N INA
RootResorp: Y:N INA

111

Chapter 9: Radiolucencies

63%:37% 60%:40% 62%:38% 60%:40%
INA INA INA INA
38 years INA 18 years INA
INA INA INA INA
66%:34% 59%:41% 66%:34% INA
10%:90% 5%:95% 0% :100%* INA
59%:41% 62%:38% 0% :100%* INA
48%:52% INA INA INA
32%:68% INA INA INA
24%:76% INA INA INA
15%:85% INA INA INA
INA INA INA INA
INA INA INA INA
INA INA INA INA
INA INA INA INA
INA INA INA INA
INA INA INA INA
INA INA INA INA
INA INA INA INA

*Advises that the percentages were derived from either one report or from a synthesis of no more that 50 cases. Ant:Post,
Anterior : Posterior; INA, Information not available; LatinAmer, Latin American; Mand :Max, Mandible :Maxilla; subSaharan, sub-Saharan
African; ToothDispl, Tooth displacement; ToothResorp, Tooth resorption; Western, predominantly Caucasian. Y:N, Yes:No.

Figure 9.18. This standard anterior occlusal radiograph
displays a well-defined radiolucency associated with the
crown of an inverted mesiodens as it arises from the
cementoenamel junction. This is a “central” pattern dentig-
erous cyst (DC). This DC is also associated with root
resorption.

nificantly more likely in the East Asian global
group than in the Western. In the maxilla, it is
found in the anterior sextant in 59% of cases. It is
found as an incidental finding in 24% of cases and
with a swelling or pain in 49% and 32%,
respectively.”

Although the dentigerous cyst is a reasonably
common lesion (18% of jaw cysts in a recent
report)® and has been reasonably frequently
reported (see Figure 1.41) its radiology as revealed
in a recent systematic review has not yet been
subject to a single detailed reported series of con-
secutive (nonselected) cases affecting a commu-
nity.* The only systematic review-included reports
that feature such details are Ioannidou et al.,** who
reported all dentigerous cysts as well defined, and
Ledesma-Montes et al.,* who reported them as
radiolucent. Clearly these observations do not take
us beyond what we already know. Nevertheless,
it is generally recognized, in addition to their inti-
mate relationship to CEJ, that all dentigerous cysts
present on radiographs as unilocular radiolucen-
cies. A multilocular appearance should direct the
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Figure 9.19. This cone-beam computed tomograph (CBCT) of a “lateral” pattern dentigerous cyst (DC) affecting a maxillary
canine. The tangential sections display not only buccolingual expansion but also perforation of the labial (buccal) and palatal
cortical plates. Note: The radiopacity within the left maxillary antrum is most likely to be an antrolith or an exotosis.

clinician straightaway to consider other lesions;
these lesions (see Figure 9.4) are locally invasive
and are more challenging to treat because they
have a tendency to recur. The dentigerous cyst is
simply enucleated with the attached tooth, with no
recurrence.

The dentigerous cyst presents as one of three
radiologic patterns.” In the central or “classical”
pattern the cyst is attached to both the mesial and
distal CEJ and symmetrically envelops the crown
of the unerupted tooth (see Figure 9.17). As it
expands it can displace the tooth in an apical direc-
tion toward the lower border of the mandible or as
far as the floor of the orbit in the maxilla. The
second pattern, the “lateral” pattern arises from
the side of the crown (Figures 9.19 and 9.20). This
pattern is frequently associated with teeth, which
are mesially or vertically impacted. The third
pattern, the “circumferential,” is an exaggerated

version of the central pattern; the cyst cavity
expands down past the level of the CEJ. Its attach-
ment to the root is still at the CEJ. The cyst is
separated from the rest of the root by a bony sleeve
containing the lamina dura. Frequently this pattern
is seen when the tooth cannot be further displaced
apically (see Figure 11.26). This pattern of dentig-
erous cyst needs to be distinguished from the KCOT
or ameloblastoma. The last two generally do not
appear to be attached at the CEJ.

Trying to distinguish between a dentigerous
cyst and a follicle space can be difficult, partic-
ularly when the suspected dentigerous cyst is
small, about 3 to 4mm wide. Daley and Wysocki,
following their study of this problem, concluded
that certainty can be achieved only at the time of
surgery.**

Struthers and Shear reported that a high per-
centage of dentigerous cysts in their report were
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Figure 9.20. The panoramic radiograph displays a dentig-
erous cyst (DC) associated with the left unerupted third
molar tooth. This DC is obviously attached to the distal
cementoenamel junction and covers the occlusal surface.
The mesial surface of the tooth is in contact with the distal
root of the adjacent second molar tooth. This pattern of
radiological appearance is “lateral.” The root formation is
complete. The apices have reduced the diameter of the
mandibular canal.

associated with root resorption.® This phenome-
non does not appear to have been reported else-
where in the literature. Root resorption of multiple
adjacent teeth was observed in an exceptionally
large dentigerous cyst (see Figure 11.27).

The dentigerous cyst is unlike most other
odontogenic lesions. The dentigerous cyst has both
a direct and indirect effect on adjacent structures
by virtue that the associated unerupted tooth is an
integral part of it. In addition to its direct effect on
adjacent teeth, cortices, and mandibular canal, it
can exert the same indirectly by its displacement
of the attached tooth. Thus, in addition to a com-
plete evaluation of the cyst itself, attention should
be paid to the associated tooth and its effects on
related structures to ensure minimal injury to them
upon its extraction along with the enucleated cyst.

The treatment of choice for the dentigerous
cyst is enucleation. Although it does not recur, 15
out of 19 unicystic ameloblastomas were clinically
diagnosed as dentigerous cysts.”® Therefore, the
surgical specimen derived from enucleation of
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such a dentigerous cyst should be submitted for
histopathology. Wang et al. also reported that three
partial surgical specimens, one derived from a mar-
supialization and two biopsies, displayed no his-
topathology suggestive of the ameloblastoma that
was subsequently definitively diagnosed after his-
topathological examination of the entire surgical
specimen.*®

Shear and Speight address a common mis-
apprehension that dentigerous cysts can readily
undergo transformation to ameloblastomas which
was the definitive diagnosis once the whole
lesion had been removed and histopathologically
reviewed.” Their argument challenging this view
is that dentigerous cysts in Shear and Singh’s South
African study were far more common in Caucasian
patients than in Black patients, in which they were
uncommon, whereas the ameloblastoma was far
more common in the latter, but infrequent in the
former.*’

Ameloblastoma (ICD-0 9310/0)

The WHO 2005 edition defined the ameloblastoma
as “a slowly growing, locally invasive epithelial
odontogenic tumor of the jaws with a high rate of
recurrence if not removed adequately, but with
virtually no tendency to metastasize.”® Although
this definition was specifically applied to the
intraosseous-sited solid or multilocular ameloblas-
toma (see Figures 1.18 and 1.30, 11.21), it equally
applies to the other three variants. These variants
are unicystic (see Figures 1.6, 1.16, 1.34-1.37),
desmoplastic, and peripheral ameloblastomas.
“The unicystic variant is an ameloblastoma which
presents as a cyst. The peripheral variant is an
extraosseous counterpart of the intraosseous solid/
multilocular ameloblastoma. The last is the desmo-
plastic ameloblastoma, which exhibits pronounced
desmoplasia.”’®

In a case series, 20% of the solid variant was
radiologically unilocular.®®% As a result, “solid”
rather than “multilocular” will be solely used to
refer to this variant.

The global distribution of reports included in
the systematic review*>* upon which much of the
following is derived is set out in Figure 1.38 and
their details in Table 9.2.

The proportion of the variants varies with the
community reported. Some East Asian communi-
ties report more unicystic variants,*”*® whereas the



114 Part 3. Radiological pathology of the jaws

Table 9.2. Ameloblastoma: systematic review

Male :Female 56%:44% 56%:44% 56%:44% 60%:40% 46% :54%

Mean number per year per report 4.8 23 8.5 8.5 0.8

Mean age® 35.4 years 40.9 years 33.1 years 32.3 years 38.5 years
Mean prior awareness® 2.5 years 1.6 years* 2.7 years 1.8 years* INA

Mand: Max 91%:9% 85%:15% 92%:8% 93%:7% 93%:7%
Mand:Ant:Post 16%:84% 13%:87% 12%:88% 17%:83% 48% :52%
Max:Ant:Post 18%:82% 8% :92% 24%:76%* 0%:100%* 10%:90%*
Swelling: Y:N 68%:32% 52%:48%* 76%:24% 58%:42%* INA

Pain: Y:N 18%:82% 44% :56%* 15%:85%" 25%:75%"* 18%:82%*
Numb: Y:N 12%:88% INA 7% :93%* 8% :92%* INA
Radiolucent 97%:% 86%:14% 99%:1% 98%:2% 100%:0%*
Uni : Multiloc 29%:71% 18%:82% 38%:62% 11%:89% 44%:56%*
Welldefined: Y:N 96% :4% INA 100%:0% INA 79% :21%*
Cortex: Y:N 78%:22% 100%:0%* 77%:23%* INA INA
Expansion: Y:N 91%:9% 66% :34% 95%:5% 100%:0%* INA
Antrum: Y:N 75% :25%"* INA 75% :25%* INA INA
ToothDispl: Y:N 73%:27%* INA 73%:27%* INA INA
RootResorp: Y:N 59%:41% 56%:44%* 64% :36% INA INA
Recurrence: Y:N 14%:86% 16%:84% 15%:85% 9%:91% 4% :96%*

#Advises that this is not the cumulative mean calculated for the published report.

*Advises that the percentages were derived from either one report or from a synthesis of no more that 50 cases. Ant:Post,
Anterior : Posterior; INA, Information not available; LatinAmer, Latin American; Mand : Max, Mandible :Maxilla; subSaharan, sub-Saharan
African; ToothDispl, Tooth displacement; ToothResorp, Tooth resorption; Uni:Multiloc, Unilocular : Multilocular; Western, predominantly

Caucasian; Y:N, Yes:No.

desmoplastic variant may be more frequent in
North American and European communities.®

The mean number of ameloblastomas per
year is globally 4.8. It is significantly greater for
both the East Asian and sub-Saharan African global
groups, 8.5 ameloblastomas per year for each, than
itis for either the Western (2.3) and Latin American
(0.8) global groups.

This significantly higher “incidence” is also
accompanied by a significantly younger age on first
presentation for the East Asian and sub-Saharan
African global groups, both about 33 years old.
These differences may in part reflect the propor-
tions of the solid, desmoplastic, and unicystic vari-
ants. The desmoplastic variant generally has an
older mean age. After a synthesis of the literature,
Philipsen et al. reported the mean age of the des-
moplastic variant was 42 years in contrast to the
solid variants” 36 years,” whereas, the mean age
of the unicystic variant first presents at a signifi-
cantly younger age.*>*

There were significant differences in mean
age between the unicystic and solid variants in an
East Asian report (Hong Kong Chinese).**® The
mean age of the former was 24.6 years of age,
whereas the mean age of the latter was 39.0 years
of age. The Mainland Chinese report of Luo et al.
mirrored the Hong Kong Chinese results closely,
except that the proportion of unicystic cases was
31 % rather than the latter’s 59 %.% Arotiba et -al’s
subjects were all under 20 years of age. Only 15%
were unicystic, whereas the rest were of the solid
variant.®® This clashed with the two Chinese
reports, which found the unicystic cases to be
significantly younger than the solid variant cases.
In Arotiba et al’s younger case series, if the Chinese
results were applied, a markedly larger proportion
would have been expected to be unicystic.

The age at first presentation was earliest for
Bangladeshis and the Koreans and oldest for the
Chinese, among which the earliest, a mean of only
30 years old, was for the Hong Kong Chinese.*



This early age of first presentation may have been
affected by the very short period of prior awareness
of the lesion before presentation in this commu-
nity. This 0.7 years compared to 4 years overall
for the systematic review. This period was even
shorter for the younger patients in this Chinese
community.*

Although overall ameloblastomas are almost
equally distributed between sexes, Western, East
Asian, and sub-Saharan African reports displayed
a predilection for males whereas the Latin
Americans displayed a predilection for females,
which was significant when compared to the sub-
Saharan African global group’s greater predilection
for males.*

Overall, in the systematic review,’>* 8%
present with swelling, 18% with pain, 12% with
paresthesia or numbness, 6% with discharge
and/or fistulae, and 6% with ulceration. Swelling
is significantly more frequent on first presenta-
tion in the East Asian global group than in
the Western, and pain is more frequent in the
Western global group than in the East Asian global
group.

The mandible is affected in 91% and the
maxilla in 9% of cases. The ameloblastomas dis-
play a predilection of the posterior sextants rather
than the anterior sextants for both jaws. Although
overall these were 84 % and 82 % for the mandible
and maxilla, respectively, the Latin American
global group displayed a significant equal distribu-
tion between mandibular sextants. The Western
global group exhibited a significantly greater pre-
dilection for the posterior maxillary sextant than
the East Asian global group. Those affecting the
posterior sextants, particularly of the mandible in
one East Asian report, presented below the age of
25 years and were not only unilocular but unicystic
ameloblastomas.* Luo et al’s recent report con-
firms this phenomenon.®

Generally the ameloblastoma appears as a
well-defined radiolucency (96%) on conventional
radiographs®; the only exception is those cases of
the desmoplastic variant, which appeared as poorly
defined.® In addition many cases of desmoplastic
variant exhibit a mixed radiolucent-radiopaque
appearance.*® This feature, in conjunction with a
poorly defined border, “suggested fibro-osseous
lesions.”® Unlike most other ameloblastomas
the desmoplastic variant displayed a greater pro-
clivity for the maxilla than the solid variant;
the former affects both jaws equally, whereas
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the latter has an overwhelming predilection for the
mandible.”

Although the overwhelming majority of ame-
loblastomas are radiolucent, the Western global
group has a significantly higher proportion pre-
senting as radiopacities than those of the East
Asian and sub-Saharan African global groups. This
may in part reflect the higher proportion of the
desmoplastic variant that is purported to be more
prevalent in the Western global group.®

The East Asian global group displays a sig-
nificantly higher proportion of unilocular, rather
than multilocular, radiolucencies than either the
Western or sub-Saharan African global groups.
This may represent the higher prevalence of uni-
cystic variant, which presents almost exclusively
as a unilocular radiolucency, reported in communi-
ties in the East Asian global group.®®

The systematic review reveals that 91 % of
ameloblastomas are associated with buccolingual
expansion (Figure 1.36), this is significantly less in
the Western global group than in the East Asian
and sub-Saharan African global groups.

Almost all ameloblastomas presenting in the
East Asian global group are radiolucent.®® Ninety-
six percent are well defined. Twenty-nine percent
of the radiolucencies are unilocular (see Figures
1.6, 1.16, 1.34-1.37) and 71% are multilocular
(Figures 9.21 and 9.22a) (see also Figures 1.18
and 1.30). A downward displacement of the lower
border of the mandible (see Figure 1.6) and an
involvement of the maxillary antrum (see Figure
11.21) occurred in 42% and 75 %, respectively, in
an East Asian report.® Tooth displacement occurred
in 73% and root resorption in 59 %.%°

A hitherto previously not observed feature of
the ameloblastoma is the displacement of a lateral
cortex down past the undisplaced lower border of
the mandible (see Figure 1.37). The only other
lesion in which this feature has also been observed
is the orthokeratinized odontogenic cyst (see
Figures 9.34 and 9.35, later in this chapter).

Root resorption, tooth displacement, and
unerupted teeth were significantly more associated
with the unicystic variant than the other variants
in this East Asian (Hong Kong Chinese) report.*
This means that root resorption affecting amelo-
blastomas in this community is more likely to be
observed in those lesions that first present on or
before 25 years old.

Another report did not observe statistical
differences between multilocular and unilocular
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Figure 9.21. The panoramic radiograph (a) exhibits a solid (multilocular) ameloblastoma affecting the anterior teeth and
premolar—first molar region. The periapical radiograph (b) displays marked root resorption. It also displays a very thin cortex.
The occlusal radiograph (c) exhibits substantial buccolingual expansion, which in conjunction with (a) imparts a beachball-
shaped appreciation of the solid ameloblastoma in three dimensions.

radiolucencies with regard to root resorption and
unerupted teeth.®® The differences between these
reports may reflect the different ethnic origin, East
Asian® and sub-Saharan African,”® and the fact
that the latter was derived from selected cases
first presenting within a narrow age range (first 2
decades of life).

The effect of accurate diagnosis is necessary
for appropriate treatment that minimizes both
recurrence and morbidity. This accuracy is not

merely confined to determining whether the lesion
is an ameloblastoma or not but also to the correct
identification of the particular variant of amelo-
blastoma. The majority of cases are generally of
the solid variant, which needs to be resected with
a margin. The unicystic variant is generally conser-
vatively treated by enucleation and a cytotoxic
agent such as Carnoy’s solution.® Although this
treatment is associated with a 11-16% recurrence
rate, which is higher than the 3-4.5 % associated
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Figure 9.22. Computed tomography (CT) of a solid (multilocular) ameloblastoma affecting the anterior sextant of the
maxilla. (a) Axial CT (bone window) displays a multilocular radiolucency affecting the anterior maxilla. It exhibits substantial
labial expansion. (b) Coronal CT (bone window) displays a honeycomb appearance extending from the nasopalatine canal
to the canine. It has eroded the mesial aspect of the cortex of the floor of the nasal cavity. (c) Coronal CT (bone window)
anterior to (b) displays a substantial expansion into the soft tissue of the nose and has expanded into the anterior nares.
A multilocular pattern is evident throughout. The pattern is honeycomb distal to the lateral incisor.

with resection, it is much less than the 30% associ-
ated with enucleation alone.*®® Nevertheless,
long-term follow-up of this variant as with the
others is recommended, regardless of the mode of
treatment.®®

Conventional radiography reveals that the
majority are multilocular cases.®® This generally
ensures that the solid ameloblastoma appears high
on the differential diagnosis, particularly if it also
displays expansion. The same is not true for the
unicystic ameloblastoma, because most present as
unilocular radiolucencies, and it may be difficult
for many clinicians to distinquish them from den-
tigerous cysts, which respond to enucleation
without recurrence. Much of the lining of a uni-

cystic ameloblastoma may be nonneoplastic and
similar to that of a dentigerous cyst, thereby
making preoperative biopsy a hit-or-miss affair.*®
Furthermore, Zhang et al.’s histopathological obser-
vation of a unicystic ameloblastoma concurrent
with a dentigerous cyst supports the notion that
occasionally a dentigerous cyst, certainly in this
Canadian community may evolve into more serious
disease.®® This is contrary to Speight and Shear’s
findings within a South African community.*
Gardner et al. identified three variants of the
unicystic ameloblastoma that are obvious to the
histopathologist.’® These are luminal, intraluminal,
and mural (see their Figure 6.22). The cyst lining
of the luminal variant is composed of ameloblastic
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Figure 9.23. Computed tomograph (CT) of a unicystic ameloblastoma affecting the posterior sextant of the mandible. (a)
Coronal CT (bone window) displaying buccal and lingual expansion. (b) Axial CT (bone window) displaying buccal and
lingual expansion.(c) Axial CT (soft-tissue window) displaying buccal and lingual expansion. The CT number is 22 to 24

Hounsfield units.

cyst epithelium. The intraluminal variant displays
an ameloblastic mass protruding into the lumen.
The mural variant exhibits an ameloblastic mass
invading the adjacent fibrous tissue wall. Although
Li et al. reported that the simple cystic forms
of the unicystic ameloblastoma (presumably the
luminal variant) are less likely to recur than the
other forms,” Lee et al. reported that 93 % of uni-
cystic ameloblastomas displayed mural invasion of
the fibrous tissue wall (the mural variant).®® This
preponderance of the mural variant may explain
the still relatively high recurrence rate even after
the use of an adjuvant (such as Carnoy’s solution)
with the enucleation.

There are several subtypes of the unicystic
ameloblastoma that are not readily distinguishable
radiologically.®® Although advanced imaging can
assist further as a preoperative (including biopsy)

investigation, there is a general dearth of such
literature for odontogenic neoplasms, particularly
with regard to HCT. This may very well indicate
that surgeons may consider conventional radiog-
raphy to be adequate for diagnosis and treatment
planning for the majority of ameloblastomas.

Of the 61 consecutive cases of ameloblas-
toma, only 32 patients were referred for HCT.” The
unicystic variant (Figure 9.23) was significantly
less likely to be referred in comparison to those of
the nonunicystic variant (solid variant, Figure 9.24,
and desmoplastic variant). This lack of referral for
HCT may be due to the fact that cases of unicystic
variant are relatively easy to diagnosis on the basis
of conventional radiography, they can be conser-
vatively treated (enucleated and Carnoy’s solution)
with a subsequently good prognosis, and finally
that they affect young patients, who are at a higher
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Figure 9.24. Computed tomography (CT) of a solid (multilocular) ameloblastoma affecting the anterior sextant of the man-
dible. (a) Axial CT (bone window) displaying buccal expansion with some perforation of the cortex. This lesion, unlike Figure
9.23, is more oval in shape. (b) Axial CT (soft-tissue window) displaying a higher CT number than Figure 9.23. It is 64 to
72 Hounsfield units. (c,d) Coronal CT (bone window) displaying a multilocular pattern, which ranges from large soap-bubble

to honeycomb.

risk of radiation-induced disease. The other most
significant feature of those patients referred was
that they were older males. It is possible that the
desire to avoid increasing the radiation dose in
general to young patients and more particularly to
females of reproductive age inhibited the referral
of the younger patients for HCT.”

Nevertheless, HCT of certain cases can reveal
and allow better assessment of soft-tissue involve-
ment following perforation Figure 9.25). Further-
more, it allows a fuller evaluation of the extent of
ameloblastoma affecting the anterior maxilla (see
Figure 9.21). Although the multilocular pattern
does not vary greatly between solid ameloblasto-

mas, in the few cases reported it appears that those
affecting the anterior maxilla present with the hon-
eycomb pattern.

Asaumi reported that MRI can distinquish
between the ameloblastoma and the odontogenic
myxoma on the basis of their dynamic behaviors.”
The ameloblastoma enhances rapidly, within 45 to
60 seconds, whereas the odontogenic myxoma
enhances after 500-600 seconds. Asaumi suggested
that MRI may better assist, because of its better
spatial resolution and multiplanar features.”” The
mural nodule is easier to identify with MRI.
Furthermore, dynamic contrast can reflect the
intratumor angiogenesis. The essential cystic
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Figure 9.25. These coronal computed tomographs (bone
window) display an ameloblastoma affecting the mandible
(a), which has resorbed the tooth root and expanded the
adjacent buccal cortex and obturated the buccal sulcus
(measurements are 17 x 18 mm). (b) It has expanded the
body of the mandible buccolingually and vertically (mea-
surements are 48 x 23 mm). The lower border has been
displaced downward.

nature of the unicystic ameloblastoma can be dis-
tinguished from the solid variant by a homoge-
neous hyperintense signal on T2-weighting. The
follicular histopathology of the solid ameloblas-
toma can be predicted by the multiple cystic spaces
on T2-weighting.

The “contrast index” is computed by sub-
tracting the precontrast plotting from the postcon-

trast plotting.” Although the MRI allows the
potential to determine differences in the contrast
index for different lesions, unfortunately no differ-
ences have been observed between primary and
recurrent ameloblastoma or between the amelo-
blastoma”™ and the glandular odontogenic cyst.
The last displays similar clinical and radiological
features and postoperative behavior.”

The desmoplastic variant, despite its poorly
defined margins that underscores both its lack of
a capsule and its infiltrative microscopic character
and frequent perforation of cortices, appears to
have a reduced tendency to recur. In spite of this,
Philipsen at al. advise that treatment of this variant
should “follow the same radical treatment modal-
ity ... as that of the ‘classical’ ameloblastoma.”®

The systematic review’s overall recurrence
rate was 14%.%>%° This recurrence rate will be
affected by the period and quality of follow-up and
the proportion of the unicystic variant, which is
less likely to be resected. The Hong Kong case
series exhibits these. After 5 years follow-up 12 %
recurred, of which 86 % were conservatively treated
unicystic ameloblastomas.

Although Hong et al. suggested that preopera-
tive biopsy had no significant effect on recurrence,
the particular histopathological pattern could be
important; the follicular pattern had the most
recurrences.®® One-half recurred after conservative
treatment.

In addition to recurrence, the clinician is con-
cerned with pulmonary metastasis, of otherwise
benign-appearing ameloblastoma cells, because, if
untreated, it can lead to death. This clinical phe-
nomenon was called a “malignant ameloblas-
toma.” The WHO’s 2005 edition has renamed it the
metastasizing ameloblastoma.” Its ICD-O code is
9310/3. Unlike squamous cell carcinoma, these
metastasized ameloblastoma cells are bloodborne
(hematogeneous spread). Their emboli generally
impact in the pulmonary capillaries.” Although
such metastasis is generally associated with mul-
tiple operations,”” Hong reported a case occurring
8 years postoperatively.®® Although they have
metastasized, these cells display the same benign
histology as the local ameloblastoma at the primary
site. This is the main point that distinguishes the
malignant ameloblastoma from ameloblastic carci-
noma (ICD-0 9270/3).” The latter is a rare primary
malignant neoplasm. It may arise de novo, as a
primary lesion, or arise secondarily by dedifferen-
tiation of a preceding benign odontogenic neo-



plasm, such as an ameloblastoma. Microscopically
it displays the features of the ameloblastoma, but
with atypia. It, like other malignant neoplasms,
can metastasize. Five-year survival is 67 %.”® So far
60 cases have been reported, many from China.”

Odontogenic Myxoma
(ICD-0 9320/0)

The odontogenic myxoma is defined by the WHO’s
2005 edition as “an intraosseous neoplasm charac-
terized by stellate and spindle-shaped cells embed-
ded in an abundant myxoid or mucoid extracellular
matrix. When a relatively greater amount of col-
lagen is evident, the term myxofibroma may be
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used.”” The odontogenic myxoma is the fourth
most common odontogenic neoplasm,’ after odon-
tomas, ameloblastomas, and KCOTs.

The global distribution of reports included in
a recent update of the sole systematic review on
odontogenic myxomas published in 2002% is set
out in Figure 1.39 and their details in Table 9.3.
This update not only addressed the many hiatuses,
particularly with regard to sub-Saharan African
and Latin American global groups, revealed by the
original systematic review,® but it also revealed
significant differences between the global groups,
which were not apparent in the original systematic
review.

The mean number of odontogenic myxomas
per year is globally 0.9 (Table 9.3). Although not

Table 9.3. Odontogenic myxoma: systematic review, updated (March 2010)

Male :Female 40%:60% 40%:60% 49%:51% 36%:64% 36%:64%
Mean number per year per report 0.9 0.8 1.0 1.3 0.9

Mean age® 30.5 years 31.0 years 29.0 years 27.8 years 28.3 years
Mean prior awareness” 1.9 years 1.8 years 2.2 years INA 1.8 years™®
Mand :Max 56%:44% 55%:45% 54%:46% 63%:37% 53%:47%
Mand : Ant:Post 19%:81% 23%:77% 5% :95% 28%:72%" 27%:73%
Max:Ant:Post 25%:75% 45% :55% 4%:96% 32%:68%* 14% :86%*
Swelling: Y:N 56%:44% 68%:32% 49% :51%" 80% :20%" 58%:42%
Pain: Y:N 28%:72% 14%:86% 72%:28%* 14% :86%* 30%:70%
Incidental: Y:N 14%:86% 12%:88%* 6% :94%* INA 19%:81%
Loose teeth: Y:N 19%:80% 20%:80%" 20% :80%" INA 15%:85%
Displ teeth: Y:N 28%:72% 34%:66% 50% :50%" 19%:81%* INA

Numb: Y:N 8% :92% 7% :93%* 10%:90%* 8%:92% INA
Radiolucent 83%:17% 98% :2% 100%:0%* 71%:29% 97%:3%
Uni : Multiloc 32%:68% 43% :55%" 27%:73% 23%:77% 40% :60%"
Welldefined: Y:N 51%:49% 53%:47% 50%:50% 39%:61%* 85%:15%*
Cortex: Y:N 45% :55%* 38%:62%* 100%:0%* 64%:36%* INA
Expansion: Y:N 84%:16% 97% :3%* 80%:20%* 95% :5%* 70% :30%*
LBMd: Y:N 30%:70%* 0%:100%* 50%:50%* INA INA
Antrum: Y:N 91%:9%" 90%:10%* 86%:14%* 100%:0%* INA
ToothDispl: Y:N 47%:53% 39%:61%" 80%:20%" INA 57%:43%*
RootResorp: Y:N 27%:73% 18%:82% 35%:65%" 52%:48%" 0%:100%"
Recurrence: Y:N 18%:82% 20%:80% 0%:100%" 13%:87%* 29% :71%*

#Advises that this is not the cumulative means calculated for the published report.

*Advises that the percentages were derived from either one report or from a synthesis of no more that 50 cases. Ant:Post,
Anterior : Posterior; Displ teeth, symptom of displaced teeth; INA, Information not available; LatinAmer, Latin American; LBMd,
downward expansion of the lower border of the mandible; Mand :Max, Mandible :Maxilla; subSaharan, sub-Saharan African; ToothDispl,
Tooth displacement; ToothResorp, Tooth resorption; Uni:Multiloc, Unilocular : Multilocular; Western, predominantly Caucasian; Y :N,

Yes:No.
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significant, it is greater for the sub-Saharan African
global group than for the Western and Latin
American global groups (Table 9.3).

The mean age for first presentation is about
30 years for all global groups (Table 9.3). The
patients may first become aware of their disease a
mean of 1.9 years before presenting.®

Although the odontogenic myxoma globally
displays a predilection for females (60%), the East
Asian global group significantly approximates to
equality (Table 9.3).

Overall swellings present in 56% of cases
(Table 9.3). Swellings present significantly less in
the East Asian global group. Those cases first pre-
senting with pain present only in 28% overall,
whereas 70% of East Asian cases significantly
report pain (Table 9.3). About 8% of cases in all
global groups present with numbness. Twenty-
eight percent present with displaced teeth and 19 %
with loose teeth. Only 14 % are discovered as inci-
dental findings.

The mandible is most frequently affected
(56%) in all global groups (Table 9.3). Although
81 % of the mandibular cases and 75% of maxillary
cases overall affect the posterior sextants, this pre-
dilection was significantly greatest in the East
Asian global group for both jaws (Table 9.3).

Odontogenic myxomas on conventional radi-
ography in the original systematic review generally
appeared as radiolucencies (98%).%*° The update of
this systematic review, displayed in Table 9.3,
reveals that a higher proportion of lesions were
described as “radiopacities.”®® The Western and
Latin American global groups significantly display
a higher proportion of radiolucencies than the East
Asian and sub-Saharan African global groups
(Table 9.3). Two reports®® reveal that the radi-
opaque pattern ranges from ground glass to a
mixed appearance. These together with a poorly
defined margin appear like fibrous dysplasia.*
Furthermore, 3 of Zhang et al.’s cases had a “moth-
eaten appearance,” which could not be distin-
guished from a malignant lesion.®

The poorly defined margins (51%) and the
general lack of a cortex or sclerosis when well
defined (these present in only 51 % of all cases with
well-defined margins; Table 9.3) are consistent
with the gelatinous nonencapsulated histopathol-
ogy and the high recidivist nature of this lesion.*

Odontogenic myxomas display buccolingual
expansion in 84 % of cases (Table 9.3). Buccolingual
expansion is significantly more frequently observed

in Western and sub-Saharan African global groups
than in East Asian and Latin American global
groups (Table 9.3).

Odontogenic myxomas, if large enough, do
expand the lesion in all directions. This expansion
out with the maxillary antrum (Figure 11.28) is not
the balloonlike expansion frequently observed in
ameloblastomas or most odontogenic cysts.
Instead, the pattern of expansion of the odonto-
genic myxoma is very similar to that observed for
fibrous dysplasia; it is almost fusiform (Figure
9.26) (see also Figure 1.19).%08 This shape reflects
the infiltrative nature of this lesion, which inciden-
tally, like fibrous dysplasia, “shows little encapsu-
lation.”® This lack of a capsule reflects the degree
of definition of the lesion-normal adjacent bone
interface. As already mentioned, not only is this
margin poorly defined in half of all cases, but also
half of the well-defined margins have neither a
cortex or are sclerotic. The radiologically apparent
“normal” trabeculae immediately adjacent to the
lesion are encased in tumor (see Buchner and
Odell’s Figure 6.647°), because “some odontogenic
myxomas permeate into the marrow spaces in a
pseudomalignant pattern.”” Therefore, in order to
ensure that all the neoplastic cells have been
removed, the adjacent “normal-appearing” bone
should also be removed with the lesion. In other
words the odontogenic myxoma should be rou-
tinely resected.

In addition to buccolingual expansion, odon-
togenic myxomas displace the lower border of the
mandible downward in nearly a quarter of the few
reported cases that reach the lower border. Table
9.3 reveals that nearly every lesion subjacent to the
maxillary antrum involves it. Zhang et al. reported
that such antral lesions displayed a “reticular
appearance (see their Figure 4) at the anterior part
and a unilocular lesion in the posterior part on a
panoramic radiograph.”® This reticular (netlike)
pattern could be observed in Figure 9.27), whereas
Figure 9.28 displayed, in part, a honeycomb
pattern.

In the original systematic review,* odonto-
genic myxomas were almost evenly divided
between unilocular and multilocular radiolucen-
cies on their presentation on conventional radiog-
raphy. On the contrary, the update of this systematic
review includes a larger proportion of multilocular
lesions (Table 9.3); this is now 68% in comparison
to the former’s 53 %.%° This dramatic shift in pre-
sentation within such as short space of time may
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Figure 9.26. Computed tomography (CT) of a odontogenic myxoma affecting the posterior sextant of the mandible. These
coronal (a) and axial (b) computed tomographs (bone window) display the peripheral arrangement of the septa and cells
around a center devoid of septa. (c) Axial computed tomograph (CT) (soft-tissue window) is the precontrast image that
corresponds to Figure 1.1c., which displays enhancement of a biopsy site. The biopsy had been taken prior to the CT.
Figure (a) reprinted with permission from MacDonald-Jankowski DS, Yeung R, Li TK, Lee KM. Computed tomography of

odontogenic myxoma. Clinical Radiology 2004;59:281-287.

be in part explained by the increased use of
advanced imaging® that would have made more
obvious the presence of septae.®® The multilocular
cases are evenly distributed between coarse (see
Figures 1.19 and 9.26) and fine (Figure 9.27)
septa.®

A quarter of odontogenic myxomas in a Black
South African report® and a third in a Japanese
report® presented with the tennis-racket pattern
(Figure 1.19), which, although it is pathognomonic
for the odontogenic myxoma, was generally other-
wise infrequently seen in the original systematic

review.* The sunburst or sunray appearance
typical of the osteogenic sarcoma (Figure 11.28a)% %
was also displayed on CT images of large odonto-
genic myxomas affecting a Chinese community.*
A suggestion for this pattern is that it may repre-
sent the honeycomb pattern in profile.®

The multilocular lesions reported by Noffke
et al.¥ and by Martinez-Mata et al.¥” were signifi-
cantly larger than the unilocular lesions, suggest-
ing that the multilocularity is a feature of the larger
lesion. Noffke et al. also found that relationship
between the multilocular lesion and the age of the
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Figure 9.27. This upper occlusal radiograph displays a
well-defined radiolucency between the canine and first pre-
molar. The multilocular presentation excluded consider-
ation of the lateral periodontal cyst. This was an odontogenic
myxoma. Reprinted with permission from MacDonald-
Jankowski DS, Yeung R, Lee KM, Li TK. Odontogenic
myxomas in the Hong Kong Chinese: clinico-radiological
presentation and systematic review. Dentomaxillofacial
Radiology 2002;31:71-83.

Figure 9.28. This coronal tomograph displays a multilocu-
lar radiolucency within the anterior maxilla. This is an odon-
togenic myxoma. The multilocular pattern is honeycomb
and made upofsmallcells. The closeness ofthe radiodense
septa may occasionally lead to radiopaque appearance.
Reprinted with permission from MacDonald-Jankowski DS,
Yeung R, Li TK, Lee KM. Computed tomography of odon-
togenic myxoma. Clinical Radiology 2004;59:281-287.

female (but not male) patient was also signifi-
cant.® Hisatomi et al. revealed that the smaller
lesion, displacing adjacent roots, presented as a
nonspecific radiolucency.®® They presented almost
identical images of ameloblastoma, keratocyst
odontgenic tumors, simple bone cysts, and odon-
togenic myxomas (see Figure 1.26). To this list can
be added the lateral periodontal cyst.

The few cases reporting the radiology of the
odontogenic myxoma affecting the anterior maxilla
suggest that the honeycomb pattern is frequent
(see Figure 9.28). Figure 9.29 is a flowchart for
lesions that most frequently present as radiolucen-
cies in the anterior maxilla.

The multilocular pattern observed on the con-
ventional radiograph appears entirely different on
HCT (see Figures 1.19 and 9.26). Instead of divid-
ing the entire lesion into locules, the locules are
confined to the periphery of the lesion leaving the
center of the lesion, the atrium (my term), almost
completely devoid of septae.®

Displacement of teeth in the systematic
review is 47 %, but it is significantly more marked
in the sole East Asian global report than in the
Western global group. Root resorption occurs in
27% of lesions, but it is significantly more frequent
in a single report,” representing the entire sub-
Saharan African global group, than in the Western
global group. These two radiologically apparent
features appear to relate well with the proportion
of cases first presenting with displaced (53 %) and
loose teeth (27%), respectively (Table 9.3).

Li et al. reported a few cases with an associa-
tion with unerupted teeth.”

As already indicated, the increased use of
cross-sectional imaging of the odontogenic myxoma
has already transformed arecent systematic review.
It displayed a higher proportion of odontogenic
myxomas presenting as multilocular radiolucen-
cies. Although CBCT produces images of a better
spatial resolution necessary for high detailed
images of the bone® it is not recommended for
infiltrative benign odontogenic neoplasms (includ-
ing the ameloblastoma and KCOT), because it
cannot show the soft tissue. If advanced imaging
is indicated, it would be better to refer for an HCT
so that its soft-tissue window could permit deter-
mination of infiltration of the adjacent soft tissue,
particularly if the cortex has been perforated or
extensively eroded.

KoseKki et al. reported that two-thirds of their
HCT cases displayed interruption of their corti-
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Figure 9.29. Radiolucencies of the anterior maxilla. KCOT, keratocystic odontogenic tumor.

ces.® The margins of the now extraosseous lesions
to surrounding soft tissue were clearly recognized
and smooth on the HCT images, even without
cortical continuity.*® Nevertheless, in order to
determine whether the adjacent soft tissue has
been infiltrated, intravenous contrast medium (see
Chapter 4) should be routinely used as it also
should be for the ameloblastoma. Infiltration may
be indicated by “enhancement.”

Although the contrast medium “enhances”
the peripheral vascular supplying the odontogenic
myxoma,® it is infrequent to find enhancement
in the center of the lesion unless the lesion had
been gecently biopsied prior to the HCT (see Figure
1.2¢).%8

When MRI is used, the bulk of the lesion T1-
weighted MRI presents as a hypointense homoge-
neous signal,” but on T2-weighted MRI it presents
as a hyperintense homogeneous signal.®® Asaumi
et al. reported that the odontogenic myxoma and
the ameloblastoma can be distinguished on the
basis of their dynamic behavior on MRI. The odon-

togenic myxoma enhances after 500-600 seconds
in contrast to the ameloblastoma’s 45-60 seconds.”

Resection is necessary because the systematic
review on odontogenic myxoma revealed an overall
recurrence rate of 18% even after resection. This
is higher than the 14 % of the ameloblastoma. The
Western and Latin American global groups exhib-
ited significantly greater recurrence rates than that
observed for the East Asian global group (Table
9.3). Li et al. reiterated the need for radical treat-
ment of this lesion; after follow-up the only odon-
togenic myxoma that recurred had only been
enucleated.”

Keratocystic Odontogenic Tumor
(ICD-0 9270/0)

The “odontogenic keratocyst” has recently been
renamed the keratocystic odontogenic tumor
(KCOT) and reclassified as an odontogenic neo-
plasm in the WHO’s 2005 edition of its histological
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classification of odontogenic tumors.”® According
to this edition, the KCOT has been defined as “A
benign uni- or multicystic intraosseous tumor of
odontogenic origin, with a characteristic lining of
parakeratinised stratified squamous epithelium
and potentially aggressive, infiltrative behaviour.
It may be solitary or multiple. The latter is usually
one of the stigmata of the inherited nevoid basal
cell carcinoma syndrome (NBCCS).”®* Furthermore,
to emphasis the essential parakeratotic feature of
this new “tumor,” Philipsen adds that “Cystic jaw
lesions that are lined by orthokeratinizing epithe-
lium do not form part of the spectrum of a ...
KCOT.”

The reader should be aware that leading
world authorities on cysts of the jaws, Shear and
Speight, do not agree with this change in nomen-
clature. Although Shear and Speight acknowledge
that KCOT is a neoplasm, they prefer the older
name of odontogenic keratocyst.”” As Philipsen’s
definition of the KCOT is an essentially parakera-
totic lesion,” Wright’s® orthokeratotic variant,
which was still recognized by the WHO’s second
edition,” has now become an entirely separate
lesion, the orthokeratinized odontogenic cyst.
These developments essentially exclude the mixed
parakeratotic and orthokeratotic variant from
either lesion, which account for an average 10%
of formerly named odontogenic keratocysts.”® This
was significantly greater in the Western global
group (11.%) than in the East Asian (8%) and
Latin American (8%) global groups. Although
many reports have identified the number of cases,
which are mixed (7%), very few have reported on
their clinical and radiological features and treat-
ment outcomes. Nevertheless, because of their
parakeratinized component they should be treated
and followed up as if they were KCOTs.”!

The KCOT is now the third most common
odontogenic neoplasm after the odontoma and
ameloblastoma. The global distribution of reports
included in the systematic review,” upon which
much of the following is derived is set out in Figure
1.40 and their details in Table 9.4.

The mean number of KCOTs per year is 6
globally. Although, globally, 6% of cases are syn-
dromic. This rises to 14% among Latin Americans,
which is significantly greater than those of the East
Asian (5%) and Western (6%) global groups.”

The clinical and radiological features described
below particularly pertain to the nonsyndromic
KCOT. The syndromic cases, which are more prone

to recur, first present at a significantly younger age
in an East Asian report.”

The mean age at first presentation is 38 years
old. Although the mean ages for the global groups
range between 34 years old for Latin Americans to
43 years old for East Asians, the differences are not
significant. The most frequent decade is the third
(29%).” Females predominate in the first decade
(91%), whereas males generally predominate in
subsequent decades.

The majority (60%) of nonsyndromic patients
are males. The predilection for males in East Asian
and Western global groups is significantly greater
than that for the Latin American group.

Swelling is the most common presenting
symptom; it occurs in 58% of cases. It is signifi-
cantly less frequent in the Latin American global
group than in the East Asian and Western global
groups. Pain presents in 32 % and presents signifi-
cantly more frequently in the East Asian global
group than in the Western global group. Those
patients first presenting with pain were signifi-
cantly older than those that did not.” Twenty-one
percent of nonsyndromic KCOTs are found as inci-
dental findings; The East Asian, Latin American,
and Western groups differ significantly. Although
numbness is infrequent (2%), it may be more
prevalent among Latin Americans (21 %), but their
sample is small. A purulent discharge presented in
12 % ; it presented significantly more in the Western
(22%) than in the East Asian global group (9%).”

The mandible overall is affected in 72% of
cases, particularly among East Asian and Latin
American global groups. It was significantly less
for the Western global group.”® KCOTs in the Hong
Kong Chinese, affecting the maxilla, first presented
significantly earlier (22 years old) than those of the
mandible (36 years old);’ this was contrary to that
in the ameloblastoma affecting the same commu-
nity.*® The posterior sextants are more frequently
affected for both jaws: 88% for the mandible and
69% for the maxilla. Almost all cases confined to
the posterior sextant, like that already reported for
the ameloblastoma® with regard to the posterior
sextant of the mandible in the same community,
were 25 years old or younger.”® The association
between involvement of the posterior sextant and
younger presentation was also a feature of the
maxillary cases in the Hong Kong Chinese report.”
Conversely, the maxillary ameloblastomas affect-
ing the Hong Kong Chinese exhibit a predilection
for the anterior sextant, which may extend to the
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Table 9.4. Keratocystic odontogenic tumor: systematic review

Male :Female 60%:40% 60%:40% 61%:39% 50%:50%" 53%:47%

Mean number per year per report 5.8 6.5 6.3 0.0* 3.7

Mean age 38 years 40 years 35 years 43 years* 34 years
Mean prior awareness 0.7 years INA 0.6 years 2.1 years* INA

Mand :Max 72%:28% 65%:35% 77%:23% 100% :0%* 73%:27%
Mand:Ant:Post 12%:88% 11%:89% 12%:88% 0%:100%* 0%:100%*
Max:Ant:Post 31%:69% 37%:63%* 31%:69% INA INA
Swelling: Y:N 58%:42% 68%:32% 60%:40% 100% :0%* 37%:63%
Pain: Y:N 32%:68% 17%:83% 41%:39% 100%:0%* 0%:100%*
Incidental: Y:N 21%:79% 26%:74% 11%:89% 0%:100%* 58%:42%
Numb: Y:N 2%:98% INA 1% :99% INA 21%:79%"
Discharge: Y:N 12%:88% 22%:78% 9%:91% 67%:33%* 28%:72%"
Radiolucent 100%:0% 100% :0% 100%:0% 100% :0%* 100%:0%
Uni : Multiloc 72%:28% 80%:20% 63%:37% 0%:100%* 76% :24%
Welldefined: Y:N 64% :36% 45% :55% 100%:0%* INA INA
Cortex: Y:N 60%:40% 26%:74%* 88%:12%" INA INA
Expansion: Y:N 62% :38%* 14%:86%* 82%:18%" INA INA

LBMd: Y:N 71%:29%* INA 71%:29%* INA INA
Antrum: Y:N 100% :0%* INA 100% :0%* INA INA
ToothDispl: Y:N 69%:31%* INA 69% :31%" INA INA
RootResorp: Y:N 23%:77% 8%:92%* 41%:59%* INA INA
Unerupted: Y:N 35%:65% 44%:56% 31%:69% INA 20%:80%

Syndromic: Y:N 6% :94% 6% :94% 5% :95% 25%:75%" 14%:86%
Mixed(Ex): Y:N 7% :93% 8% :92% 9% :91% 11%:89% 2% :98%
Orthok(Ex): Y:N 10%:90% 11%:89% 8% :92% 8% :92% 8% :92%

Recurrence: Y:N 28%:72% 33%:67% 24%:76% 50% :50%* 17% :83%*

*Advises that the percentages were derived from either one report or from a synthesis of no more that 50 cases. Ant:Post,
Anterior : Posterior; INA, Information not available; LatinAmer, Latin American; LBMd, downward expansion of the lower border of the
mandible; Mand: Max, Mandible :Maxilla; subSaharan, sub-Saharan African; ToothDispl, Tooth displacement; ToothResorp, Tooth
resorption; Uni:Multiloc, Unilocular : Multilocular; Western, predominantly Caucasian; Y :N, Yes:No.

anterior aspect of the posterior sextant. Maxillary
ameloblastomas also first present significantly later
in life.

All KCOTs are radiolucent and nearly three-
quarters (72 %) are unilocular (Figure 9.30).> The
unilocular KCOTs (24 years old) presented signifi-
cantly earlier than the multilocular KCOTs (36 years
0ld).”® The mesiodistal length of the unilocular
KCOTs in “dental units” is 4.22 in comparison to the
multilocular KCOT’s 5.70; this was not significant.”
Nevertheless, in the mandible, the unilocular
KCOTs (3.20) were much smaller than the multi-
locular KCOTs (6.17); this tended to significance.”

Sixty-four percent are well defined, of which
60% are corticated.” East Asian global group’s

100% well-defined cases were significant com-
pared to 45% in the Western global group. Also,
East Asian global group 88% cortication was sig-
nificantly greater than the Western global group’s
26%.” Although buccolingual expansion was
observed in 62% of KCOTs, this assumed a pattern
similar to the fusiform expansion of fibrous dys-
plasia (Figure 9.30b). It was significantly more
prevalent in the East Asian global group (82%)
than in the Western global group (14%).” This
pattern of expansion is most frequently observed
in those KCOTs involving the body of the mandi-
ble.” Therefore, a low buccolingual : mesiodistal
ratio of a radiolucency in the body of the mandible,
should suggest a KCOT (and also an odontogenic
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Figure 9.30. The panoramic radiograph (a) and the true occlusal radiograph (b) are of a keratocystic odontogenic tumor.
It presents as a radiolucency associated with the crown of an unerupted third molar. Although it is “attached” to the tooth’s
mesial (or inferior) cementoenamel junction (CEJ), its distal (superior) “attachment” is to the root distant from the CEJ. It
almost extends through the entire vertical height of the body of the mandible without expandingit. It also minimally expands
the mandible buccolingually. Note: ‘The body of the hyoid is superimposed upon the inferior anterior aspect of the lesion
in (a). Reprinted with permission from MacDonald-Jankowski DS, Li TK. Keratocystic odontogenic tumor in a Hong Kong
community; the clinical and radiological presentations and the outcomes of treatment and follow-up. Dentomaxillofacial

Radiology 2010;39:167-175.

myxoma and simple bone cyst), whereas a high
buccolingual : mesiodistal ratio would suggest an
ameloblastoma or, as a lead onto the next lesion,
an orthokeratinized odontogenic cyst.

Tooth displacement was recorded in one
report, an East Asian; it occurred in 69% of cases.”
Contrary to a statement in the WHQO’s 2005 edition
that root resorption is very rare,” it occurred in
41% and 9% of cases, in an East Asian®® and a
Western” report, respectively. By virtue of these
two reports, root resorption occurred in 23% of
cases in the systematic review.” Although 41% in
KCOTs of the Hong Kong Chinese”® was less than
the ameloblastoma’s 59% in the same commu-
nity,”* this was not significant.”® Furthermore, the
presentation of Hong Kong Chinese KCOTs with
root resorption in older-aged patients® differs from
that in Hong Kong Chinese ameloblastomas’ first
presentation in younger patients; this phenomenon
is significantly more frequent in earlier presenting
unicystic variant lesions than in the nonunicystic
(predominantly solid variant) and predominantly
radiologically multilocular lesions, which first
present later in life, 3¢

An association with unerupted teeth occurred
in a third of cases overall.” It differed significantly

between the East Asian, Latin American, and
Western global groups. The surprise that defies
easy explanation was that one of the Western
reports was American, in which prophylactic
removal of unerupted teeth has been practiced for
decades. Those KCOTs in the Hong Kong Chinese
presenting with associated unerupted teeth were
significantly younger than those that did not.”

All nonsyndromic KCOTs affecting the poste-
rior maxilla affected the maxillary antrum, expand-
ing up into it in a balloonlike fashion. Figure 11.23
displays such an example.®

KCOTs affecting the anterior maxilla appear
to have some predilection for the canine-lateral
incisor site (Figures 9.31 and 9.32).

Treatment of the nonsyndromic KCOT is
usually conservative; in a recent report 79% of
cases were treated by enucleation and Carnoy’s
solution.”

The global recurrence rate for nonsyndromic
KCOTs is 28%. It is significantly greater in the
Western global group (32%) than in the East
Asians (24%). This recurrence rate is far higher
than that of the ameloblastoma (14%) and the
odontogenic myxoma (18%), emphasizing the
need for long-term follow-up.” Although a reason



Chapter 9: Radiolucencies 129

Figure 9.31. Conventional images of keratocystic odontogenic tumor affecting the anterior maxilla. In contrast to the peri-
apical radiograph (a), the standard anterior occlusal (b) reveals the full vertical extend of the lesion that caused this well-
defined radiolucency, displacing the lateral incisor and the canine. (a) This image reveals the absence of the root resorption,
which is suspected on (b). Note: The tip of the nose is obvious in the upper half of the radiolucency in Figure 9.31 (a).

Figure 9.32. This panoramic radiograph depicts a radiolu-
cent lesion in the canine site splaying the lateral incisor
and first premolar. The canine is unerupted and its root
completely formed. This phenomenon earlier would have
invoked consideration of the now-defunct globulomaxillary
cyst. Now this presentation invokes a lateral radicular cyst,
lateral periodontal cyst, and keratocystic odontogenic
tumor. This is a keratocystic odontogenic tumor.

for this high recurrence with regard to KCOT is the
general conservative approach to its treatment,
both the degree of follow-up and the recurrence
rates for both KCOT*® and ameloblastoma® in a
Hong Kong Chinese community were equally high
and low, respectively. Follow-up for KCOTs and
ameloblastomas were 73% (for a mean of 5 years)
and 89% (for a mean of 5 years), respectively. The
recurrence rates for KCOTs and ameloblastomas
were 9% and 11%°, respectively. The reasons
for this degree of follow-up for both lesions are
both the surgeons’ vigorous follow-up protocol
and the relative stability of the Hong Kong com-
munity as a whole.®

KCOTs (frequently multiple), along with cal-
cified falx cerebri and basal cell carcinomas, are
major features of NBCCS, which generally manifest
in the patient’s teens.” The syndromic cases first
presented at a significantly younger age than the
nonsyndromic cases in a recent East Asian report.”
This syndrome is a multisystem disease.”®® Lo
Muzio revealed that 5-10% of NBCCS patients
develop a brain malignancy, the medulloblastoma,
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which can cause early death.”® The recurrence rate
of the syndromic KCOTs is higher than for the
nonsyndromic KCOTs; they recur in the former in
60%% of cases in contrast to the latter’s 28%.%

KCOTs, particularly the nonsyndromic cases,
do not appear to prompt clinicians to refer them
for advanced imaging. Nevertheless, Lam et al.
advise that “there should be early and frequent
monitoring of NBCCS patients for the development
of KOTs [their abbreviation for KCOT] in youth
and adolescence, and that CT imaging should play
a role in these investigations.”'® Both conven-
tional radiography and CT (both HCT and CBCT)
were equally effective in displaying the majority of
KCOTs in an association with dental follicles of
unerupted teeth. CT was significantly more effec-
tive at demonstrating endosteal scalloping of the
cortex, which presumably assists in differentiating
them from dentigerous cysts.!® Conventional radi-
ography displays tooth displacement significantly
more frequently. Lam et al. are very clear that CT
should not displace conventional radiography as
the primary imaging modality."® A case of syn-
dromic KCOT investigated by HCT is displayed in
Figure 11.24.

Orthokeratinized Odontogenic Cyst

The orthokeratinized odontogenic cyst (OOC) was
first clearly identified as the orthokeratotic variant
of the odontogenic keratocyst by Wright in 1981,
due to its different histopathology and reduced
likelihood to recur. The last was confirmed in a
systematic review.'® Although the first two edi-
tions of the WHOQO’s histological classification of
odontogenic tumors recognized that “cases with
orthokeratosis are seen,””* the WHO’s 2005 edition,
expressly excluded it from its definition of a
KCOT.”!

Although Shear and Speight agree that on the
basis of mounting evidence, the orthokeratotic
variant of the KCOT should be considered a sepa-
rate entity,”” those mixed lesions that contain a
substantial component of parakeratotic epithelium
should be regarded with caution. As already men-
tioned, such mixed cases (Figure 9.33), which
account for 10% of all cases formerly considered
to be odontogenic keratocysts, should be managed
as if they were KCOTs.'

The global distribution of reports included in
the systematic review'® upon which much of the

Figure 9.33. True occlusal projection of a case exhibiting
a mixture of parakeratin and orthokeratin. Although exten-
sive in its mesiodistal extent it displays no buccolingual
expansion.

following is derived is set out in Figure 1.42 and
their details in Table 9.5.

The mean number of OOCs per year is glob-
ally 0.8. The OOC accounts for 10% of all nonsyn-
dromic former odontogenic keratocysts.'™ Their
mean age at first presentation is 35 years old. They
have a very short period of first awareness of their
lesions. Although it is 0.9 years for the East Asian
global group alone, that of the Hong Kong study
was significantly shorter than that of the Malaysian
report.”” Most (32%) first present in the third
decade.

Forty-eight percent are found incidentally, the
rest present with symptoms. Swelling occurs in
41%, significantly most frequently in the East
Asian global group (58%). Pain and discharge
occur in 24% and 16 %, respectively. The mandible
is affected in 71 % of cases. The posterior mandibu-
lar sextant is affected (92 %) more frequently than
the anterior sextant. The anterior and posterior
maxillary sextants are affected equally.'®
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Table 9.5. Orthokeratinized odontogenic cyst: systematic review

Male :Female 66% :34% 67%:33% 65% :35% INA 67% :35%*
Mean number per year per report 0.8 1.1 0.8 INA 0.4

Mean age 35 years 35 years 35 years INA 37 years*
Mean prior awareness 0.9 years* INA 0.9 years™ INA INA

Mand : Max 71%:29% 69%:31% 79%:21% INA 50%:50%*
Mand:Ant:Post 8% :92% 10%:90%* 4% :96%* INA INA
Max:Ant:Post 50% :50%* 50% :50%* 50% :50%* INA INA
Swelling: Y:N 41%:59% 23%:77%* 58%:42%* INA 67% :33%*
Pain: Y:N 24%:76% 23%:77%* 22%:78% INA 0%:100%*
Incidental: Y:N 48%:52% 53%:47%" 31%:69%" INA INA
Infected: Y:N 16%:84%" 11%:89%* 31%:69%* INA 33%:67%"
Radiolucent 100%:0% 100%:0% 100%:0% INA 100% :0%*
Uni :Multiloc 93%:7% 95%:% 89%:11% INA 100%:0%*
Welldefined Y:N 100%:0%* INA 100% :0%* INA INA
Cortex Y:N 100%:0%* INA 100%:0%" INA INA
Expansion Y:N 100%:0%* INA 100%:0%* INA INA

LBMd: Y:N 25% :75%* INA 25%:75%* INA INA
Antrum Y:N 100%:0%* INA 100%:0%* INA INA
ToothDispl: Y:N 80%:20%* INA 80%:20%* INA 50%:50%*
RootResorp: Y:N 0%:100%* INA 0%:100%* INA INA
Unerupted: Y:N 69%:31% 76% :24%* 63%:37%" INA 62% :38%"
Recurrence: Y:N 4% :96% 5% :95% 0%:100%" INA 0%:100%*

*Advises that the percentages were derived from either one report or from a synthesis of no more that 50 cases. Ant:Post,
Anterior : Posterior; INA, Information not available; LatinAmer, Latin American; LBMd, downward expansion of the lower border of the
mandible; Mand: Max, Mandible :Maxilla; subSaharan, sub-Saharan African; ToothDispl, Tooth displacement; ToothResorp, Tooth
resorption; Uni:Multiloc, Unilocular : Multilocular; Western, predominantly Caucasian; Y :N, Yes:No.

All OOCs present as radiolucencies (Figure keratotic variant of OKC or OOC because no alter-

9.34). Ninety-three percent are unilocular (Figure
9.34), but some are multilocular (Figure 9.35).
Marginal definition is recorded for only two reports
included in the systematic review; OOCs are well
defined with corticated margins. Sixty-nine percent
are associated with unerupted teeth, the majority
of which are third molars.'” One report indicates
that they may affect the maxillary antrum and
displace teeth.'™

Two out of three consecutive mandibular OOCs
displayed the downward displacement of a lateral
cortex past the otherwise undisplaced lower border
of the mandible (Figures 9.34b and 9.35),' hitherto
a feature observed only in ameloblastomas.®

Although the overall recurrence rate is 4%,
this may be an overestimate because it is very
likely that a few “mixed” cases displaying both
parakeratotic and orthokeratotic epithelium may
have been simply assigned the diagnosis of ortho-
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native was available.

The OOC differs significantly from the KCOT
by being observed as an incidental finding with a
well-defined margin and an association with an
unerupted tooth."”

Glandular Odontogenic Cyst

The glandular odontogenic cyst (GOC), also known
as the sialo-odontogenic cyst, was first clearly iden-
tified as a separate entity by Gardner et al. in
1988." The WHO’s second edition histological
classification of odontogenic tumors in 1992 recog-
nized it as “a cyst arising in the tooth-bearing areas
of the jaws and characterized by an epithelial
lining with cuboidal or columnar cells both at the
surface and lining crypts or cyst-like spaces within
the thickness of the epithelium.”' Slootweg added
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Figure 9.34. The panoramic radiograph (a) and the posterioanterior projection of the mandible displays an orthokeratinized
odontogenic cyst (OOC). This presents as a well-defined corticated unilocular radiolucency, which not only exhibits buc-
colingual expansion but also downward expansion of either lateral cortex past the undisplaced lower border of the mandible
anteriorly. The associated unerupted tooth, with which the OOC has no obvious relationship to the cementoenamel junc-
tion, in (a) has been displaced lingually in (b). The mandibular canal has been displaced to the lower border of the mandible.
Reprinted with permission from MacDonald-Jankowski DS, Li TK. Orthokeratinising odontogenic cyst in a Hong Kong com-
munity; the clinical and radiological presentations and the outcomes of treatment and follow-up. Dentomaxillofacial Radiology

2010;39:238-243.

that this complex epithelium is also partly nonke-
ratinized and that mucus-producing cells may be
present. The latter contributes to the GOC’s histo-
pathological resemblance to a well-differentiated
mucoepidermoid carcinoma.'®

The global distribution of reports included in
the systematic review'® upon which much of the
following is derived is set out in Figure 1.43 and
their details in Table 9.6.

The mean number of GOCs per year globally
is 0.4. The sub-Saharan African global group had
the highest mean number, which was significantly
greater than that for the Latin American global
group with the least.'

The GOC has a predilection for males (66% ).
Its mean age on first presentation is 45 years old,

ranging significantly between the global groups
from 35 (sub-Saharan African) and 37 (East Asian),
through 46 (Western), to 52 (Latin-American). The
decade with the most frequent first presentations
is the fifth (26%). The period of prior awareness
was 10 years for two small European reports.'*

Of the vast majority present with symptoms,
only 10% are found incidentally. The most fre-
quent symptom was swelling (88%), followed by
pain (37%) and numbness (15%)."°

The mandible is affected in 80 % of cases. The
anterior sextants are more frequently affected;
78% and 100% for the mandible and maxilla,
respectively.'®

Radiographically. 98% are radiolucent.
Fifty-eight percent are unilocular (Figure 9.36a),
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Figure 9.35. Panoramic radiograph of an orthokeratinized
odontogenic cyst affecting the posterior sextant of the
mandible. It exhibits a well-defined multilocular radiolu-
cency with a corticated margin. It extends from the distal
aspect of the second premolar back to the base of the
sigmoid notch. It expands the anterior margin of the vertical
ramus and displaces a lateral cortex down past the lower
border of the mandible. Reprinted with permission from
MacDonald-Jankowski DS, Li TK. Orthokeratinising odon-
togenic cyst in a Hong Kong community; the clinical and
radiological presentations and the outcomes of treatment
and follow-up. Dentomaxillofacial Radiology 2010;39:
238-243.

and the rest are multilocular (Figure 9.36b). Ninety-
six percent are well defined, of which 30% are
corticated. Eighty-two percent display buccolingual
expansion. In a small report, when subjacent to
the maxillary antrum, 3 out of 4 cases involve it.
One-half of cases displace teeth, 30% resorb roots,
and 11% are associated with a unerupted tooth.
The prevalence of tooth displacement varies sig-
nificantly between the global groups: most fre-
quent for the sub-Saharan African and least
frequent for the East Asian global group. Also, root
resorption significantly occurs least in the sub-
Saharan African and most in the Western global
group. With regard to the unerupted teeth, although
the unilocular lesions appear like dentigerous
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cysts, most infrequently affect third molars because
of their anterior location.®

Eighteen percent recur after treatment.'® This
is similar to that of odontogenic myxoma (18%).%

Squamous Odontogenic Tumor
(ICD-0 9312/0)

Reichart defined the squamous odontogenic tumor
as “a locally infiltrative neoplasm consisting of
islands of well-differentiated squamous epithelium
in a fibrous stroma.”’” Less than 50 cases have
been reported arising in a very wide age range of
patients; the mean age is 39 years old. It classically
develops between the roots of vital teeth. Although
its etiology is still unknown it is likely to be of
periodontal ligament origin.'"”

It may present with pain, swelling, and/or
mobile teeth. The small lesion is unilocular or
triangular, whereas the larger lesion is more likely
to be multilocular.'” Although it generally responds
well to conservative treatment, the rare recurrence
may be due to incomplete removal.'”’

Central Giant Cell Lesion

Jundt defined the central giant cell lesion as “a
localized benign but sometimes aggressive osteo-
lytic proliferation consisting of fibrous tissue with
hemorrhage and hemosiderin deposits, presence
of osteoclastlike giant cells and reactive bone
formation.”!®

Sixty-four percent of the cases in de Lange
et al’s synthesis of the literature were female,'”
which is in broad agreement with Stavropoulos
and Katz’ case series in which 55% were female."
The mean age of Stavropoulos and Katz’s case
series was 32 years old." The mandible was
affected in 61% of cases,’ but it was 85% in
Stavropoulos and Katz’ own case series."® The only
clear clinical feature expressed in Stavropoulos and
Katz’ systematic review was paresthesia in 10% of
their cases and in 6% of their systematic review.!’

Stavropoulos and Katz, in reporting their own
case series, observed that 81 % were anterior to the
molars. There was no association between size
(some were over 6 centimeters although the mean
was 3.6) and age."

Radiologically, Stavropoulos and Katz’ Table
2 revealed that 45% presented as radiolucencies
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Table 9.6. Glandular odontogenic cyst: systematic review

Male :Female 64% :36%

70%:30%*

67% :33%* 44%:56%" 57%:43%"

Mean number per year per report 0.4 0.5 0.4 0.7 0.2
Mean age 45 years 46 years 38 years* 35 years * 52 years*
Mean prior awareness 10 years* 10 years* INA INA INA
Mand :Max 80% :20% 82% :18%* 58% :42%* 67%:33%* 91%:9%"

Mand:Ant:Post
Max : Ant : Post

78%:22%*
100%:0%*

84%:16%"
100%:0%" INA

100%:0%* 0%:100%*

100%:0%"

50%:50%"
100%:0%"

Swelling: Y:N 88%:12%* 81%:19%"* 92% :8%* INA 100%:0%*
Pain: Y:N 37%:63%* 23%:77%"* 25%:75%* INA 40%:60%*
Incidental: N:Y 10%:90%* 14%:86%* 8%:92%* INA 0%:100%"
Numb: Y:N 15%:85%* 14%:86%* 0%:100%* INA INA
Radiolucent: Y:N 98% :2% 95% :5%* 100%:0%* 100%:0%* 100%:0%*
Uni : Multiloc 58%:42% 65%:35%* 58% :42%* 67%:33%* 20%:80%*
Welldefined: Y:N 96% :4%* 100%:0%* 100%:0%* 87%:13%* INA
Cortex: Y:N 30%:70%* 36%:64%* INA 22%:78%" INA
Perforation: Y:N 52%:48%* 57%:43%* INA 44%:56%" INA
Expansion: Y:N 82%:18%* 57%:43%" INA 100%:0%* 100%:0%*
LBMd: Y:N INA INA INA INA INA
Antrum: Y:N 75% :25% 75% :25% INA INA INA
ToothDispl: Y:N 50% :50%* 50% :50%* 17%:83%* 100%:0%* INA
RootResorp: Y:N 32%:68%" 54%:46%" 33%:67%" 0%:100%* INA
Unerupted: Y:N 11%:89%* 14%:86%* 17% :83%* 0%:100%* INA
Recurrence: Y:N 18%:82% 25%:75%* 10%:90%* 0%:100%* 20%:80%"

*Advises that the percentages were derived from either one report or from a synthesis of no more that 50 cases. Ant:Post,
Anterior : Posterior; INA, Information not available; LatinAmer, Latin American; LBMd, downward expansion of the lower border of the
mandible; Mand : Max, Mandible : Maxilla; subSaharan, sub-Saharan African; ToothDispl, Tooth displacement; ToothResorp, Tooth
resorption; Uni:Multiloc, Unilocular : Multilocular; Western, predominantly Caucasian; Y :N, Yes:No.

and 55% were “mixed radiolucent-radiopaque,”
Their systematic review revealed that the lesions
were wholly well defined in 34 % of cases, whereas
their own report found all wholly or partly were
well defined. Forty-six percent in their systematic
review were unilocular, whereas 45% were multi-
locular in their study. Fifty percent displayed “tra-
beculae” within the lesions. Scalloping between
teeth, also in their study, was observed in 53 %."
Stavropoulos and Katz’ own study alone
reported that 45% displayed buccolingual expan-
sion and 50% displayed perforation of the cortex,
whereas their systematic review revealed 51 % and
38% for these features, respectively.
Stavropoulos and Katz’ own study alone
reported the following features: Tooth and follicle
displacement occurred in 45% (Figure 9.37). The
mandibular canal was inferiorly displaced in 5%.

The lamina dura was absent in 94% of cases
(Figure 9.37)."°

Root resorption is 37% in Stavropoulos and
Katz’ own study and 33% in their systematic
review.

Ameloblastic Fibroma
(ICD-0 9330/0)

Slootweg defined the ameloblastic fibroma (also
known as a fibrodentinoma) as consisting “of
odontogenic ectomesenchyme resembling the
dental papilla and epithelial strands and nests
resembling dental lamina and enamel organ. No
dental and hard tissues are present.”™ If there is
dentine formation or dentine and enamel, the
lesion is referred to as ameloblastic fibrodentinoma
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Figure 9.36. Panoramic radiographs of two separate glan-
dular odontogenic cysts (GOC). (a) A unilocular GOC has
enveloped the crown and root of an unerupted third molar.
The GOC has no attachment with the cementoenamel
junction. The tooth has been displaced to the lower boder
of the mandible. The latter and the mandibular canal have
been displaced downward. (b) A multilocular GOC associ-
ated with the distal side of the crown and root of an
unerupted third molar. The mandibular canal has been
displaced downward.

(ICD-O 9271/0) and ameloblastic fibro-odontoma
(ICD-0 9290/0), respectively." Because these are
likely to present with radiopacities (dentine and
enamel), these will not be considered further in
this chapter.
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Chen et al. recently synthesized the literature
on ameloblastic fibroma."* They reported 123
cases in 55 reports of which 8 were case series.
Sixty-eight percent were male. The mean age was
15.9 years. Eighty percent affected the mandible.
Seventy-four percent of cases were found in the
posterior sextants of the mandible. The ameloblas-
tic fibroma presented as a hard swelling in 72%
and as an incidental finding in 23 %. The mean
period of awareness of the lesion prior to presenta-
tion was 1.2 (0.1-6.0) years. The mean size at first
presentation was 4.0 (0.7-16) cm. The 38 cases
reported some radiography. All were well defined.
Sixty percent were unilocular and 40 percent mul-
tilocular. Those cases that were symptom-free were
unilocular, whereas those with symptoms were
multilocular; this difference was significant.?

Although the histopathology leads to an
expectation that these lesions will be radiolucent,
this is not so in every case. The marginal cortex
may be so sclerotic as to confer a “mixed” presen-
tation and therefore cause at least some cases to
be first considered as radiopacities."* This mixed
presentation is clearly displayed in Figure 9.38 and
the sclerotic marginal cortex (in another case) in
Figure 9.39.

Ninety percent were conservatively treated."?
A third recurred, 4% and 69 % after 5 and 10 years,
respectively. Resected cases recurred after a slightly
longer interval. Furthermore, 11% underwent
malignant transformation, 10% and 22 % for 5 and
10 years, respectively. The cases first presenting
younger than 22 years were less likely to undergo
malignant transformation. This suggests that the
ameloblastic fibroma should be subjected to long-
term follow-up.!?

Cherubism

Jundt recently defined cherubism as “an autosomal
dominant inherited disease that is characterized by
a symmetrical distension of the jaws, often leading
to a typical facial expression. The histology is
indistinguishable from a central giant cell lesion.”*
“Although the histology is not specific, the combi-
nation of clinical appearance, radiology and central
giant-cell lesionlike histology is diagnostic.”™?
Two reports of multiple kindred published
in the last decade are Von Wowern’s 18 cases
from 6 Danish kindred"* and Meng et al.’s 14 from
6 Chinese kindred." The latter also included 10



Figure 9.37. Periapical radiographs of a giant cell granuloma affecting the anterior sextant of the maxilla. This case appears
similar to Figure 9.31 in the way it displays the roots of the maxillary canine and lateral incisor.

Figure 9.38. Conventional radiography of an ameloblastic fiboroma. This panoramic radiograph (a) and anterioposterior
projection of the mandible (b) displays an ameloblastic fibroma sited within the angle of the mandible and posterior body
of the mandible. This lesion presents with buccolingual expansion. Its margin is well defined and sclerotic. Its internal
structure is complex. Although largely translucent, it contains a separate radiolucency well defined by a sclerotic margin.
The lesion also encompasses an unerupted third molar tooth, whose normal-sized follicle space is still patent. The distal
root of the second molar has been resorbed.
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Figure 9.39. Computed tomography of an ameloblastic
fibroma. (a) Axial CT (bone window) displaying a well-
defined radiolucency with a sclerotic margin. (b) Coronal
CT (bone window) displaying a well-defined radiolucency
with a sclerotic margin. It exhibits lingual expansion oblit-
erating the submandibular fossa.

nonfamilial cases."® Von Wowern followed up 18

individuals for 36 years."™ Both studies"*' used
variations of the Seward and Hankey grading
system

Grade 1. Involvement of the bilateral mandible
vertical ramus and posterior body.

Grade 2. In addition to grade 1, the maxillary
tuberosities are involved.

Grade 3. Massive involvement of the entire max-
illa and mandible except the condyles.

Grade 1 accounted for 79% in Von Wowern’s'*
and 33 % in Meng et al’s"® reports.

Although both reports revealed that, propor-
tionally, males rather than females within a kindred
are more likely to be affected, this was not so in
one of Von Wowern’s kindred.'* Nevertheless,
males were more likely to be affected by the more
severe grades.
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Although Von Wowern reported, on the basis
of conventional radiography, that the lingual cortex
was not expanded,' lingual expansion may be
apparent on computed tomography.

Meng et al. did report 1 case that affected the
condyles, ** but all of the condyles of Von Wowern’s
cases were unaffected. Meng et al. reported that
all cases displayed tooth displacement, one-half
aplasia, one-third noneruption, and one-quarter
root resorption.® Furthermore, 3 of Meng et al.s
cases exceptionally displayed an increase in serum
phosphorous and alkaline phosphatase.'® Screening
of the entire skeleton did not reveal the involve-
ment of any other bone outside the jaws.

In those few cases of asymmetrical cherubism,
Roginsky et al., reporting a Russian series, advised
that minor features such as tooth malposition, pre-
mature tooth loss, or rare or previously unreported
features such as gingival hyperplasia and enamel
hypoplasia should suggest cherubism.!¢

Von Wowern’s long-term follow-up revealed
that although the lesions of most of her cases
became apparent by 7 years of age'* (only 62% of
Meng et al.’s cases became apparent by 10 years of
age'), they achieved maximum buccal expansion
by 12 years of age. The 15 patients with grade 1
returned to normality by their late teens, and grade
2 by their mid- to late twenties."* The grade 3
patients still showed a modest expansion by 23
years of age and a mild expansion at the end of
the reported period of follow-up.™™

During the active stage of the disease, the
lesions presented, on conventional radiography, as
multilocular radiolucencies (Figure 9.40a, c).!*
Upon long-term follow-up, the outline of the initial
multilocular lesion in the mandible may be appar-
ent as a “sketched” outline (Figure 9.40c), and the
radiolucency is filled in with normal bone struc-
ture. On the other hand, the maxillary radiolucency
now appears completely replaced by a normal
bone structure. If followed up long enough some
mandibular cases may show “normal mandibular
bone without signs of earlier cherubic lesions.”
There appears to be a transition stage between the
initial radiolucent and “sketched” stages. The
osseous infilling initially assumes a ground-glass
appearance arising from the small tightly com-
pressed trabecular pattern.!'

Not only is the degree of buccal expansion
proportional to the grade (Figure 9.40b), but so
also is the degree of aplasia (Figure 9.40a).™
Furthermore, two patients with the most severe
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Figure 9.40. Conventional images of a case of cherubism observed at an earlier (a,b) and a later (c) stage (c) (a) Panoramic
radiograph displays bilateral and bimaxillary radiolucencies confined to the posterior sextants. This is cherubism. It also
displays absence (agenesis) of some molars and tooth displacement. (b) The posterioanterior projection reveals substantial
buccolingual expansion of the vertical rami. The pattern of the radiolucencies is multilocular. (c) The later panoramic radio-
graph reveals regression of the lesions. They are now more radiodense and normal bone has infilled the earlier radiolucen-
cies. The sketched outlines of these earlier radiolucencies can still be discerned.

grade displayed root resorption of the remaining
mandibular teeth resulting in total mandibular
tooth loss before 24 years of age in one patient.™
Root malformations of the lower first molar were
observed in two-thirds of patients.

Although conventional radiography was
clearly adequate for both Von Wowern’s"* and
Meng et al’s'® reports, the latter advised that CT
(both HCT and CBCT) may be indicated for the
rare severe cases of grade 3."® Other than better
delineation of the extent of the lesions, their expan-
sion and the lack of a periosteal reaction, advanced
imaging contributed little to our understanding of
grades 1 and 2 cherubism."” Occasionally advanced
imaging, particularly by HCT, of very extensive
cases complemented the conventional radiogra-
phy."® This was especially so in those exceptionally
rare cases involving the orbit."?'* Nevertheless, a
report by Beaman et al. functions as a reasonable
pictorial essay of HCT and MRI imaging."’” MRI has
been performed for a few cases, but so far there is

no clear role for this modality in the management
of cherubism. Scintigraphy has little role in the
diagnosis of cherubism because it is most fre-
quently negative.!*

In view of the self-regressive nature of most
cases of cherubism after the onset of puberty and
the likelihood of postsurgical complications, Von
Wowern advises that “conservative management is
appropriate until functional or emotional distur-
bances demand surgical intervention.”™

Simple Bone Cyst

The simple bone cyst (SBC) has been defined by
Jundt as “an intraosseous pseudocyst devoid of an
epithelial lining, either empty or filled with serous
or sanguineous fluid.”!*

The SBC has a number of synonyms, which
have been set out by Suei et al.'** The possible
etiologies have been recently reviewed by Harnet



et al.!*® The SBC is not a common lesion.'?® In a
recent UK report, it accounted for 1.2 lesions per
year.”! Although there is a view that they rarely are
detected after 25 years of age,'*” another report
indicates that this is not true for every
community.!?®

The SBC of the jaws affects both sexes
equally.'® Suei et al.'** suggest that a proportion
of the female patients with SBC are afflicted by
osseous dysplasia (Figure 1.20), which can itself
be accompanied by SBC.'*

Therefore, it may be difficult to determine in
some cases whether a particular lesion is primarily
an SBC or an osseous dysplasia.

Because the SBC affecting the jaw is rarely
symptomatic, it is frequently discovered inciden-
tally on a radiograph prescribed for another
purpose.'® Although SBCs may be associated inti-
mately with teeth, these teeth are almost always
vital. SBCs predominantly affect the mandible
(94%).1!

On the conventional radiograph a frequent
presentation is as a unilocular radiolucency with
no or minimal buccolingual expansion. To distin-
guish it from the KCOT, which has a similar pre-
sentation, Ferreira et al. reported that the SBC is
significantly more likely to display scalloping
between the roots of teeth (Figure 1.17).1%

The degree of marginal definition can vary
from corticated to poorly defined.!*® Ferreira et al.
reported that the SBC may also be distinguished
from the KCOT because the latter’s border was
frequently more corticated.'*

Expansion was present in 40% of Suei et al.
case series'* and in 21 % of MacDonald-Jankowski’s
case series.'?® Although the inferior dental canal
was displaced in 54 % of Matsumura et al. cases,'
this was only observed one case in MacDonald-
Jankowski’s report.!?® Furthermore, although that
report observed the constriction of the canal in one
case and absence of its outline in 2 cases, the canal
was unaffected although superimposed upon the
SBC in another 8 cases.!”® Root resorption or tooth
displacement were not observed.!?®!!

Although the majority present as radiolucen-
cies, at least one report included a high proportion
of cases that include central radiopacities (Figure
1.20)."*' Matsumura et al. divided their 53 simple
bone cysts into 2 groups.' Type A has a connec-
tive tissue lining, whereas Type B has a partially
thickened wall with dysplastic bone formation.
Recurrence was more associated with Type B.!!
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Suei et al."® and Eriksson et al.”** could not
substantiate, by HCT and MRI, respectively, the
frequent observation that, at the time of surgery,
SBCs were air-filled.

Suei et al., in their recent report of their case
series and synthesis of the literature, reported that
26% of 132 cases recurred.'”® This is much higher
than hitherto reported. Furthermore, this recur-
rence rate was even higher for cases with multiple
cysts and osseous dysplasia, 71 % and 75%, respec-
tively.'® Healing occurred within 1 to 1.5 years and
recurrence up to 2.5 years. They recommend that
follow-up is continued until healing has been
radiographically confirmed, particularly with
regard to those cases with multiple cysts or osseous
dysplasia.'® MacDonald-Jankowski reported a case
that recurred at least 6 times in 9 years.!”® The
initially four separate lesions coalesced into a
lesion that occupied the entire body of the man-
dible (Figure 1.28).!*® The need for follow-up until
complete healing occurred was emphasized,
because frequently some bone regeneration was
apparent before it regressed.!?®

Aneurysmal Bone Cyst

Jundt defined the aneurysmal cone cyst (ABC) as
“an expansile osteolytic lesion often multilocular,
with blood filled spaces separated by fibrous septa
containing osteoclast-type giant cell and reactive
bone.” ABCs affecting the jaws are rare.'*®

Sun et al. synthesized the literature capturing
92 cases out of 75 reports.'*® Nearly three-quarters
first present in the first 2 decades. Two-thirds affect
the mandible, of which 85% affect the posterior
body and vertical ramus. A bony swelling with or
without pain is the most common clinical presenta-
tion. Kaffe et al. additionally reported that pares-
thesia occurred in 9%.%’

Ninety-four of Sun et al.s 49 cases, for which
radiology could be determined, present as radiolu-
cencies of which two-thirds are multilocular; 2
maxillary cases are radiopaque and 1 mandibular
case is mixed.!*® Kaffe et al’s synthesis of 64 cases
reported 87 % as radiolucent (53 % multilocular); 1
maxillary case was radiopaque and 6 (4 mandible
and 2 maxilla) were “mixed.”’ The mixed and
radiopaque cases may reflect reactive bone forma-
tion within the ABC."’

Both Sun et al.*® and Kaffe et al.s'*’ findings
differ from that by Motamedi et al’s Iranian case
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series,'”® the largest and most recently reported
case series of ABCs affecting the jaws. They dis-
played similar age and anatomical distribution to
reported by Sun et al.!*® except that there was more
equal distribution between the mandibular sex-
tants. All were radiolucent.'®

Sixty-five percent of Kaffe et al’s multilocular
ABCs were greater than 4cm, whereas 60% of
unilocular ABCs were smaller than 4cm.?®” This
may suggest that multilocularity may depend on
the lesion’s size.

Thirty-nine percent of Kaffe et al’s 64 cases
have a cortex, 33% of the rest are well defined,
and 28% poorly defined.™’

Fifty-five percent of Kaffe et al’s cases dis-
played expansion. Twenty-six percent of ABCs in
dentate areas displayed tooth displacement and
14% root resorption.’’

Five of Kaffe et al’s cases were also associ-
ated with unerupted teeth,” which may reflect the
ABC’s predilection for the posterior sextants and
the child and adolescent.

Fifteen percent of Sun et al’s ABCs are con-
sidered to arise secondarily to other lesions; the
majority are fibrous dysplasia.'* It is an indication
of the ABC’s rarity that no clear mention of ABCs
being secondary to fibrous dysplasia appeared in
any reported case series on fibrous dysplasia. The
overall recurrence rate is 13% and is not influ-
enced by resection or curettage. Motamedi et al.
reported a similar recurrence rate of 16% after
follow-up ranging from 2 to 30 years.!*®

Nasopalatine (Duct) Cyst

The WHO’s second edition defines the nasopala-
tine duct cyst as “a cyst arising from the epithelial
residues in the nasopalatine (incisive) canal.”!®

According to Shear and Speight, the nasopala-
tine duct cyst is the most common nonodontogenic
cyst.'* Its definition should also include the former
median palatine cyst and the cyst of the palatine
papilla.!*

Shear and Speight reported that the nasopala-
tine duct cyst accounted for 12% of all jaw cysts
referred to Shear’s South African histopathological
service.'”” The majority were detected in the fourth
decade. The nasopalatine duct cyst was found two
times more frequently in males; there was no dif-
ference between the White and Black South
Africans in this regard.'

The most common symptom is swelling.!*

This swelling may be both palatal and buccal.
Symptoms are generally not severe and are often
ignored by the patient for several years prior to
presentation.'® Nevertheless, Nortje and Farman
report that the symptoms may be severe in Black
South Africans.!*! Hertzamu et al. (1985) reported
that all cysts over 3cm were in Black South
Africans."*? Tooth displacement was observed
often.!*

Radiographically, a diagnosis of nasopalatine
duct cyst may be considered if the width of the
canal exceeds 4.79mm (standard deviation
1.33mm) and if the anterior-posterior length
exceeds 10.19mm (standard deviation 3.34 mm).!%

Figure 15.13 is normal, whereas Figures 9.41
and 15.14 are likely to represent nasopalatine duct
cysts at the earliest stages. Figures 9.42 and 9.43
are nasopalatine duct cysts.

Lingual Bone Defect

The lingual bone defect was formerly known as
“Stafne’s bone cyst.” It represented a well-defined
ovoid radiolucency classically sited between the
mandibular canal and the lower border of the man-
dible (Figure 9.44). It is not a true cyst, but a
concavity within the mandible arising from the
lingual surface. Philipsen et al. have since defined
four subtypes of this phenomenon.*® The lingual
posterior constitutes the majority. The lingual ante-
rior is sited lingual to the incisors, canines, and
premolars. Because it lies above the mylohyoid
muscle it may be superimposed upon the apices of
these teeth and mimic a periapical radiolucency.
The border of this radiolucency may less distinct
than those of the lingual posterior subtype. The
buccal ramus and finally the lingual ramus are
sited just below the neck of the condyle. The inci-
dence of the most frequent, the lingual posterior,
is 0.10 to 0.48% of panoramic radiographs. Its
radiographic visibility requires a reduction in the
mineralized tissue by 12 %.'%

The lingual bone defects are rarely observed
before 40 years of age, suggesting that the process
that results in their creation is not merely the
passive development of the mandible around a
submandibular gland as was once thought; it is
more active (Figure 9.45).!* Furthermore, they are
overwhelmingly reported in males. Philipsen et al.
discuss the possible etiologies, clearly favoring the



Figure 9.41. Computed tomography (CT) of a widened
nasopalatine canal. (a) Axial CT (bone window) displaying
the widened canal. (b) Sagital CT (bone window). (c)
Coronal CT (bone window). (d) Coronal CT (bone window).

“glandular” hypothesis.!* This suggests the pres-
ence of a hyperplastic or hypertrophic lobe of the
submandibular (lingual posterior), sublingual
(lingual anterior), and parotid (lingual or buccal
ramus) glands putting pressure on the adjacent
bone causing focal bone atrophy or resorption.!*?
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Figure 9.42. Conventional radiographs of a nasopalatine
duct cyst. (a) Panoramic radiograph reveals a well-defined
radiolucency in the anterior maxilla. (b) Anterior standard
occlusal revealed that there was a well-defined radiolu-
cency occupying the midline of the hard palate. If adjacent
teeth were carious or restored, pulp vitality testing may be
required to distinguish between the nasopalatine duct cyst
and a periapical radiolucency of inflammatory origin.

This clinical phenomenon has been reported
globally. Shields and Mann discuss its reduced
prevalence and equal sex ratio in African
Americans.'*

Shimizu et al. reported two patterns among
their 32 cases on panoramic radiographs of what
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Figure 9.43. Computed tomography (CT) of a large nasopalatinal duct cyst. (a) Axial CT (bone window), above the floor
of the nasal cavity, displays round shape and thin cortex in places. (b) Sagital CT (bone window) upward displacement of
the nasal floor. (c) Coronal CT (bone window), at level of premolars exhibiting substantial expansion up into the nasal cavity

and downward in to the oral cavity.

appears to be, from their images, the lingual pos-
terior subtype.'® These are “Stafne type” (Figure
9.46) or “Cyst type” (Figure 9.47); the former
shows a connection to the lower border of the
mandible, whereas the latter does not.'* Shimizu
et al’s HCT study revealed that the “Cyst type”

included only fat and that the “Stafne type” con-
tained other soft tissues. The submandibular glands
were more anteriorly positioned in contrast to their
contralateral controls. In addition, the glands asso-
ciated with the “Stafne type” were more laterally
placed.'®



Figure 9.44. Conventional radiography of lingual bone defects (LBD). They were formerly called “Stafne bone cysts.” (a)
Panoramic radiograph exhibiting a classical LBD. This is a round or oval-shaped well-defined radiolucency, lying anterior
to the gonial notch, between the lower border of the mandible and mandibular canal. (b) Panoramic radiograph of another
case showing extension above the mandibular canal. (c) Posterioanterior projection of the mandible of the case in (b).
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Figure 9.45. Panoramic radiographs taken of the same area of a lingual bone defect (LBD) separated by a few years.
(@) A well-defined radiolucency partly superimposed upon the inferior aspect of the inferior dental canal and the lower
border of the mandible. A panoramic radiograph taken earlier (b) does not display it at all. LBD generally appear in later

life. Although related to the contact between the submandibular gland and mandible, the mechanism is not yet fully
understood.

Figure 9.46. Computed tomography (CT) of a lingual bone defect (LBD) in the posterior sextant of a edentulous mandible.
(a) Axial CT displays the LBD reaching the inside of the buccal cortex and extending mesially into the bone marrow past
the most anterior aspect of the lingual cortical defect. (b) Coronal CT reveals that it extends fully to the lower border of the
mandible and extends upward past its most superior aspect of the lingual cortical defect.
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Figure 9.47. The axial computed tomography (CT) displays a lingual bone defect. The bone window (a) depicts the lingual
osteum of the defect as being narrower than the mesiodistal extend of the defect within the mandible. The intraosseous
defect is lined by a cortex. The buccal cortex is eroded and slightly expanded. The soft-tissue window (b) reveals soft-tissue
density. Note: The radiolucent band separating the soft-tissue with the defect from that lingual to it is due to beam-hardening

caused by the adjacent lingual cortex bordering the defect.

Smith et al. reported a case of bilateral lingual
anterior subtype.*® The use of MRI confirmed the
presence of sublingual glands within the defects
obviating the need for a biopsy."*
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Chapter 10
Radiopacities

Introduction

A radiopacity is the “white” area on a conventional
radiograph. it represents a tissue or a structure
within the patient, which attenuates the primary
beam of X-rays more than adjacent tissue or struc-
tures. In the normal patient presenting to the oral
and maxillofacial practitioner, the normal radi-
opaque structures are anatomical: the teeth, the
bones of the jaws (including the middle-third of
the face and nasal bones), the stylohyoid complex
(including the hyoid bone), the skull base, and
cervical vertebrae. Although the term radiopacity
can be used for any such tissue or structure it is
frequently applied only to those, which suggest a
lesion or disease process. These radiopacities are
due to deposition of mineralized tissue. This depo-
sition reflects two different processes. Deposition
either by bone cells in dysplastic and neoplastic
lesions or by nonbone cells in dystrophic processes.
The last arise usually in chronic inflammatory
lesions or those with multiple episodes of inflam-
mation. Dystrophic calcification is commonly
observed in the soft tissues of the jaws as calcifica-
tion of the tonsils (now usually secondary to tonsil-
litis) or cervical lymph nodes. It also occasionally
presents in atherosclerotic plaques in blood vessel
walls.

In addition to conventional radiography,
advanced imaging modalities such as computed
tomography (CT) and magnetic resonance (MRI)
are frequently used to investigate jaw lesions.
Although calcified lesions and structures are still
white on images made by either helical computed
tomography (HCT, see Chapter 4) or cone-beam
computed tomography (CBCT, see Chapter 5), they
appear black on MRI as do the air-filled spaces and
blood vessels (see Chapter 6).

Oral and Maxillofacial Radiology: A Diagnostic Approach,
David MacDonald. © 2011 David MacDonald

151

The term significant will be used only when
the feature it is qualifying is P < 0.05. Table 10.1
overviews the causes of radiopacities of the jaws.
Because almost all of these have been addressed
in other texts, they will not be pursued further
here. For radiopacities within the bony jaws, refer
to Figures 10.1 and 10.2.

Radiopacities Qutside the
Bony Jaws

CALCIFICATIONS OF THE
STYLOHYOID COMPLEX

The 12 most common patterns of calcification of
the stylohyoid complex are set out in Figure 10.3.!
These are based on the four developmental regions
of this complex: the tympanohyal (skull base),
stylohyal (majority of the styloid process), cerato-
hyal (contributes to elongated styloid process and
stylohyoid ligament), and hypohyal (lesser horn of
hyoid component of stylohyoid ligament). This
system of patterns was introduced for clinical use
because traditional measurement from panoramic
radiographs is subject to substantial magnification
and distortion, especially in the region posterior to
the alveolar processes.!

The following paragraphs summarize the dif-
ferent prevalences of the more common patterns
in two world communities, Hong Kong and London.
The following percentages are cited in that order.
A normal styloid process (patterns a to d; 84% to
73 %) and pattern d on its own (67 % to 40%) were
significantly more prevalent in the Hong Kong
Chinese (Figures 10.4, 10.5), whereas a calcified
stylohoid ligament (patterns f to k) were signifi-
cantly more frequent in Londoners (4% to 16%)
(Figure 10.6). Segmentation was significantly
more frequent in Londoners (6% to 23 % ). Bilateral
symmetry, with regard to pattern, was signifi-
cantly more frequent in the Chinese (100% to
93 %) (Figures 10.5, 10.7). There was no significant
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Table 10.1. Radiopacities of the jaws

1. Development Artifact
“White metal-like spots”
Fixer on undeveloped film

2. Inadequate Patient Preparation
Jewelry (earrings, necklace, facial, and
tongue piercing)
Hair ornaments
Hearing aid
Removable dentures and orthodontic
appliances

3. Normal Anatomy and Variants

Radiopacity over roots of mandibular
premolars (on panoramic radiograph),
perhaps bilateral

Torus mandibularis
Linear or ovoid opacities in near vertical
axis behind or superimposed on angle of
mandible

Stylohoid complex
A vertical fingerlike radiopacity usually with
a reticular or honeycomb pattern below
greater horn of the hyoid

Thyroid; superior horn

4. Metal-like/latrogenic

Restorative material
Overextended root filling
Amalgam in socket
Amalgam retrograde with apicectomy

Broken instrument
Endodontic
Elevator

Surgical packs.

Bone plates/wires

Implants

5. Radiopacity/ies in the soft tissues
Round
Neck; in vertical line (dystrophic from
behind ramus to thoracic inlet
Lymph nodes
a. TB in the elderly or Indian
subcontinent patients
b. Sarcoidosis
c. Previous radiotherapy treated
lymphoma
Neck; broadly in horizontal line from:
a. Behind ramus to 2nd maxillary molar
Parotid sialoliths
b. Below gonial notch
Submandibular sialoliths
Group centered about mandibular foramen
Tonsilloliths
Single, anywhere
Acne scar (obvious skin scar)
Multiple, anywhere
Gardner's Syndrome
Target and round; anywhere with perhaps
discoloration of overlying skin
Hemangioma
Sheets
a. Generalized
Scleroderma
b. Localized
Myositis ossificans
Bars
Cystercicosis (parasite)
Parallel lines
Arteriosclerotic blood vessels (diabetes
OR chronic renal disease)

6. Radiopacities within the Bony Jaws

difference between Hong Kong and London for an
elongated styloid process (pattern e; 9% and 8%,
respectively) (Figure 10.7).

Using the same table, Okabe et al.* observed
similarity in pattern distribution between their
80-year-old Japanese and the above Hong Kong
Chinese. They suggested that this was perhaps due
to similarities in East Asian genotypes and pheno-
types. The major difference was that their sample
displayed a substantially greater proportion of
pattern e (35%). As the Okabe et al.? study was

exclusively 80-year-olds, this difference was con-
sidered to be a phenomenon of aging. This was
supported by a Brazilian report measuring directly
from panoramic radiographs.® Okabe et al.? also
reported that the elongated styloid process (Figure
10.7) correlated significantly with increased serum
calcium concentration and heel bone density. It
also correlated significantly with the patient’s
height and weight. Therefore, these findings “may
provide potentially life-saving information about
elderly people.”
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es occurring within the bony jaws

Solitary or Focal

Well-defined?

/

Yes

/

Wholly within the alveolus?

/ N\

Yes No

| l

Middle/Old-aged

N\

No
Bilateral?
No

£

Gardner’s syndrome?

No
Osteomyelitis

Black/East Asian / \
women?
/ \ Yes
Yes No

l

Florid osseous
dysplasia

/

Yes

Dense bone island

Figure 10.1. Radiopacities occurring within the bony jaws.

The styloid process also runs in an anterior
and medial direction to the hyoid bone (Figures
10.7a and b, respectively); the inferior horn and
upper half of the body of the hyoid bone form the
caudal component of the stylohyoid complex.

The upper half of the hyoid bone was derived
in common with the cranial components of the
stylohyoid complex from the second pharyngeal
arch or Reichert’s cartilage. The rest of the hyoid
is derived from the third pharyngeal arch. The
hyoid bone arises from 6 centers of ossification, 2
for the body and 1 for each horn.* The lesser horn
may not fuse with the body (see Figure 1.13b), but
it is attached by fibrous tissue to the greater horn,
which in turn articulates with the body by a diar-
throdial synovial joint (Figure 10.8). This last
feature is important, because it is clearly observed

|

Any nondental disease

Familial gigantiform
cementoma?

N\

No

on panoramic and lateral cephalometric radio-
graphs, particularly in children. It should not be
mistaken for a hyoid bone fracture.’®

The stylohyoid complex infrequently causes
difficulty in its recognition, except perhaps pattern
j in which no other landmarks of the stylohyoid
complex are available. This could be mistaken for
calcified carotid artery atheroma. Occasionally, a
long styloid process may cause Eagle’s syndrome,
which among other features may cause atypical
pain.°

CALCIFIED CAROTID
ARTERY ATHEROMA

There are two types of calcification of the arteries
depending upon whether the tunica media or
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| l
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l l SN
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Figure 10.2. Radiopacities occurring within the bony jaws: solitary or focal.
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Figure 10.3. The 12 patterns of calcification of stylohyoid complex used by MacDonald-Jankowski (2001). Pattern: (a)
Region 1 = tympanohyal alone; (b) Region 2 = stylohyal alone; (c) Region 1 and 2, separate; (d) Regions 1 and 2 continu-
ous; (e) Regions 1, 2, and 3 continuous; (f) Regions 1, 2, and 3 separate; (g) Regions 1 and 2 continuous, but separate
from 3; (h) Regions 2 and 3 separate; () Regions 2 and 3 continuous, but separate from 1; (j) Region 3 alone; (k) Region
3 and 4 continuous (may include calcification in one other region); (I) No styloid process visible. Note 1: Regions 1, 2, 3,
and 4 coincide with the 4 centers of ossification of the stylohyoid complex, tympanohyal, stylohyal, ceratohyal, and hypohyal.
Note 2: Patterns (a) to (d) are normal styloid processes, pattern (e) is an elongated styloid process, and patterns (f) to (k)
are calcified stylohyoid ligaments.
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Figure 10.4. Panoramic radiograph displaying a normal
styloid process. A normal styloid process can extend as
inferior as the middle of the mandibular foramen. This
example is of a continuous bone and is comprised of the
tympanohyal and stylohyal components (pattern [d]).

tunica intima is involved. The former is termed
medial calcific sclerosis or Monckeberg’s arterioscle-
rosis, whereas the latter, because of its narrowing
of the lumen and atheroma formation is termed
calcified carotid artery atheroma (CCAA) (Figure
10.9a). The former’s synonym, Monckeberg’s
arteriosclerosis, implies vessel hardening and may
be radiologically apparent as a tramline or pipe-
stem pattern on conventional radiography and
computed tomographic sections (Figure 10.9).
Although supposedly benign in comparison to
CCAA in outcome, Monckeberg’s arteriosclerosis
can be associated with medical conditions such as
parathyroidism and osteoporosis. Most commonly
observed in the limbs, it infrequently presents in
the head and neck. Although the definitive diag-
nosis for calcification of the tunica intima or tunica
media rests on histopathology, biopsy of an artery
has its own obvious risks.

CCAA presents as a round radiopacity ini-
tially and becomes linear as it becomes larger; it
frequently presents as 2 parallel vertical lines. It is
sited at or below the intervertebral space between
the third and fourth cervical vertebrae.” The CCAA
observed on panoramic radiographs was first
reported by Friedlander and Landes in 1981.% Since

Figure 10.5. Coronal computed tomography (CT) displays the styloid process within the bone (a) and soft-tissue (b)
windows. The coronal section is at the level of the anterior arch of C1. The styloid processes on these coronal sections
are angled medially, running almost straight (in part tracing out the stylohyoid ligament) toward the junction between the
body and the greater horn of the hyoid bone. The greater horn on each side are observed in cross-section.
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Figure 10.6. Panoramic radiograph displayed a bilateral
and symmetrical calcified stylohyoid complex.

then many reports have indicated that this phe-
nomenon is widespread, affecting almost every
global group (see Chapter 1 for their definitions).
So far there does not appear to be a report from
the sub-Saharan Africa. Nevertheless, the clinical
significance of the CCAA and the utility of the
panoramic radiograph as a screening tool for the
CCAA are very controversial. Their “results suggest
that the presence of carotid artery calcifications on
panoramic radiographs may be related to the
history of past vascular diseases; however, this is
not a useful marker for subsequent vascular dis-
eases and related death among 80-year-olds.”” This
was supported by a systematic review, which con-
cluded that clinical guidelines based upon the
hypothesis that CCAA, detectable on panoramic
radiographs, is associated with an increased risk of
stroke ... cannot be established on the basis of the
current evidence.” Furthermore, Madden et al."
reported that panoramic radiography, when com-
pared to ultrasonography, is not a reliable means
to detect CCAA or stenosis. This poor assessment
of the panoramic radiograph was qualified by
Damaskos et al."* Furthermore, Friedlander and
Cohen maintain that “incidental finding of a
CCAA ... portents significant risk of a future
adverse vascular event.”** They observed that 15%
of such cases had occult metabolic disease, for-
merly known as insulin-resistant syndrome. This
syndrome is composed of increased abdominal
obesity, raised triglycerides, reduced high density
lipids and cholesterol, hypertension, and insulin
resistance. A referral in such cases is necessary
“because aggressive management may preclude
a stroke.”® Finally, developing Maddens et al’s
conclusions, Farman states that patients for whom
CCAA have been detected should be further
screened by ultrasonography.'*

Figure 10.7. The anterior (a) and medial (a) path of the
calcified stylohyoid ligament. (a) Panoramic radiograph
showing a long styloid process extending inferiorly to as
far as the hyoid bone. A long styloid process includes the
tympanohyal and stylohyal components of the normal
styloid process, but also includes the ceratohyal compo-
nent. (b) Cone-beam computed tomography (CBCT) of a
completely calcified stylohyoid ligament. Figure courtesy of
Dr. Alexandre Khairallah, University of Lebanon.
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Figure 10.8. Panoramic radiograph displays the hyoid
bone immediately below the angle of the mandible. Below
the hyoid bone is the superior horn and partially calcified
lateral lamina of the thyroid cartilage. In reality, in contrast
to its traditional display in many anatomical texts, the hyoid
bone infrequently exists as a complete unified bone, except
in the oldest patients. The various parts are more fre-
quently observed radiologically as separate bones joined
by radiolucent spaces, representing the diarthrodial syno-
vial joints. In this figure the anterior rectangular bone rep-
resents the body of the hyoid, whereas the small round
bone superimposed and or in contact with its superiodistal
margin is the lesser horn. Immediately distal to the above
joint is a horizontal V whose upper limb represents the
image of the ipsilateral greater horn. The lower, longer,
almost horizontal image represents the contralateral
greater horn. Calcification of the thyroid cartilage is encoun-
tered increasingly in the older patient. Nevertheless, as is
obvious here, it can coexist with a hyoid bone displaying
all of its components as still separate bony entities.

TRITICEOUS CARTILAGE
(TRITICAE CARTILAGO)

The thyroid cartilage complex can undergo calcifi-
cation (Figures 10.8, 10.9a) with increasing age.
Calcification of the thyroid cartilage itself is infre-
quently mistaken for CCAA. On the other hand,
the triticeous cartilage is more frequently mistaken
for CCAA, particularly by students. Their shape,
outline, and location assist in distinguishing them.

Figure 10.9. Computed tomography (bone windows and
no contrast media used) of parathyroidism secondary or
tertiary to chronic kidney disease displaying calcification.
Monckeberg's arteriosclerosis ofthe branches of the exter-
nal carotid artery. The classical stempipe or railtrack
pattern of calcification of the arteries tunica media is
evident. (a) A coronal section (bone window), at the level
of the anterior arch of the first cervical vertebra, displays
the rostral part of the external carotid artery. (b) An axial
section (bone window), at the level of the second cervical
vertebra, displays the “brown tumor,” as a expansile uni-
locular radiolucency, which was considered on clinical and
conventional radiological examination to be an ameloblas-
toma. Monckeberg’s arteriosclerosis plots the torturous
course of the facial artery medial and lateral to the man-
dible. There is a short arc of calcification within the internal
carotid artery. Figures courtesy of Dr. Lewei Zhang, Oral
and Maxillofacial Pathology, Faculty of Dentistry, UBC.



The triticeous cartilage lies within the lateral thy-
rohyoid ligament between the superior horn of the
thyroid (if apparent) and the distal end of the
greater horn of the hyoid. It is round and of homo-
geneous density, whereas the CCAA is round ini-
tially and becomes linear as it becomes larger,
frequently as 2 parallel vertical lines. The triticeous
cartilage is an intrinsic component of the larynx
and serves as an attachment of the vocal cords and
the musculature responsible for phonation. It
undergoes calcification more frequently in females
(12%) than in males (8%).7

TONSILLOLITHS

Tonsilloliths affecting the palatine tonsil are fre-
quently observed on panoramic radiographs and
are now becoming increasingly observed on CBCT
(Figure 10.10). In the former they are most com-
monly observed superimposed upon the mandibu-
lar foramen. Formerly they were associated with
tubercular lesions in the older patient, but are now
observed in younger patients, presumably second-
ary to multiple episodes of tonsillitis earlier in life.
These tonsilloliths may be associated with halito-
sis.”® At least one has caused dysphagia.'® They
also present on CTY and MRI.'®

OTHER NONPATHOLOGICAL CAUSES
OF RADIOPACITIES

Other structures that can appear as radiopacities,
but are not included in Table 10.1, are ironically
soft-tissue structures. These include not only normal
anatomical structures such as the tongue, the soft
palate, and the pharynx clearly apparent on the
panoramic radiograph, but they also include soft-
tissue lesions within the maxillary antrum. All these
appear radiopaque by virtue of being contrasted
(silhouetted) against the air-filled space. The reason
for this phenomenon is discussed in Chapter 11.
Artifacts causing radiopacities arise from
three main sources: image development, inade-
quate preparation, and earlier treatment (Table
10.1). Although image development artifacts in the
traditional chemistry-based technology (film) and
the strategies to avoid them are well known, the
recent advent of the digital imaging technologies
have the potential for different artifacts. The pho-
tostimulable phospher plates are easy to damage,
resulting in white scratches and bite marks."
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Figure 10.10. Cone-beam computed tomography (CBCT)
of tonsilloliths. (a) Axial CBCT showing tonsilloliths adja-
cent to the oropharynx just medial to the mandibular
foramen. (b) Three-dimensional reconstruction, cutting
away the posterior body and vertical ramus of the mandible
todisplay the tonsilloliths. Figures courtesy of Dr. Alexandre
Khairallah, University of Lebanon.

Although artifacts caused by metal restora-
tions (amalgam restorations, crowns, and bridges)
in conventional imaging are extremely infrequent,
even in panoramic radiography with its secondary
imaging of the contralateral jaws (except for long
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or large earrings), this is not true for advanced
imaging. In spite of the development of metal arti-
fact reduction (MAR) software metal dental restora-
tions pose significant problems for HCT (see Figure
4.9), CBCT (see Figures 5.2a, 5.4), and MRI (see
Figure 6.6).

Radiopacities Occurring within the
Bony Jaws

The flowcharts in Figures 10.1 and 10.2 generally
flow from the most important clinical and radio-
logical findings, addressing systemic lesions and
malignancies first. Multiple radiopacities, particu-
larly if they are distributed throughout the jaws,
suggest a systemic cause, whereas the single radi-
opacity suggests a local cause.

The degree of marginal definition is cru-
cially important to determining potentially serious
disease. If it is well defined, the radiopacity is
more likely to be benign, whereas a poorly defined
radiopacity, in addition to inflammation or fibrous
dysplasia, could represent a malignancy. The radi-
opacity’s relationship to the mandibular canal or
the image of the hard palate (on panoramic or
cephalometric radiographs) indicates whether it is
likely to be of odontogenic origin. A radiopacity
occurring above the mandibular canal or below the
image of the hard palate is within the dental alveo-
lus and therefore could be of odontogenic origin.

If the radiopacity is sited within the alveolus,
its relationship to teeth is important, in order to
refine further the differential diagnosis. If it is asso-
ciated with the root of an erupted tooth, which has
a large carious lesion or a large restoration, sug-
gesting the possibility of a necrotic pulp, inflam-
mation is a likely cause. If the radiopacity is
associated with the crown of an unerupted tooth,
an odontogenic lesion, most likely a neoplasm,
should be considered.

The effect of the radiopacity on the tooth or
adjacent structures is manifested by either dis-
placement or erosion. The latter when applied to
teeth, particularly their roots, is termed root resorp-
tion. Although all lesions presenting as radiopaci-
ties may in due course cause root resorption, this
would appear to be a particular feature of certain
odontogenic neoplasms. Displacement of teeth and
buccolingual cortices are universal to all expansile
lesions.

The flowcharts focus on the most common
and important lesions and are not exhaustive with

regard to the rarer lesions, particularly if they
respond well to the initial treatment—i.e., they are
very unlikely to recur.

Multiple Radiopacities

Multiple or widely distributed lesions suggest a
systemic rather than a local cause. Therefore, it is
necessary to identify such lesions early. Although
these lesions are not common, failure to identify
them early may have significant implications for
the patient’s continued well-being. Polyostotic
fibrous dysplasia, particularly the McCune-Albright
syndrome, will have already been diagnosed early
in life. Paget’s disease and Gardner’s syndrome are
very important lesions that present later in life.
Before proceeding to these lesions, a unique radio-
logical phenomenon should be introduced: leontia-
sis ossea.

LEONTIASIS OSSEA

Leontiasis ossea, although infrequently observed, is
important because it represents important lesions
such as Paget’s disease of bone and hyperparathy-
roidism. Its name precisely reflects an appearance
of a lion’s maxilla. Classically, both cheeks are very
full and the external nose is small. This last effect is
achieved by the following: the external nose, which
itself remains essentially unchanged, becomes sub-
merged within the outwardly expanded anterior
wall of the maxilla. As a result the external nose is
now both relatively smaller and flatter due to a
more obtuse angle formed between the alae.

The presentation on CT of the internal struc-
ture is usually ground glass or an extensive network
of serpentine channels within the radiopacity. Its
frequently bilateral presentation usually distin-
guishes it from fibrous dysplasia.

PAGET’S DISEASE OF BONE

Paget’s disease of bone (PDB) was originally called
“osteitis deformans” by Paget himself, which
vividly describes this disease. It is characterized by
rapid bone remodeling and the deposition of struc-
turally abnormal bone.* Although it classically
affects individuals older than 40 year of age, a
subset of patients are juveniles. The last is called
“early-onset familial Paget’s disease of bone” and is
primarily genetic.’® Although its etiology encom-



passes both genetic and environmental factors, its
declining prevalence and its severity at the time of
writing (2010) suggests amelioration with regard to
those environmental factors.?® Most cases of PDB
occur in communities of Northwestern European
descent, particularly from the United Kingdom.*
Although it has been reported to affect 3% of
Britons and White Americans over 50 years of age,*
it is less frequent in Africans and East Asians®**

The presentation of PDB in East Asians
appears to be accompanied with symptoms,
whereas that in patients of European origin is
largely symptom-free,?**

Although the radiological presentation is
broadly similar to fibrous dysplasia, PDB is gener-
ally bilateral and first presents over the age of 40
years. It classically presents with a “cotton wool”
expansion of the outer table of the skull and a
wholly radiopaque vertebral body. When the jaws
are affected the lumen of the maxillary antrum is
frequently spared.

The radiological presentation of lesions in the
alveolus is similar to florid osseous dysplasia, but
extends into basal bone. Note that, although clas-
sically polyostotic, at least 7 cases of monostotic
Paget’s affecting the mandible alone have been
reported in the literature.”® Although bone scintig-
raphy and serum alkaline phosphatase are sensi-
tive screening modalities for PDB, the latter, which
is raised in 86 % of cases, may not be raised during
the more inactive periods of the disease. It is also
higher for polyostotic disease than for monostotic
disease.’® Takata et al. have set out an algorithm
for the diagnosis of PDB.?*® Bisphosphonates are
used to treat PDB.*

Although the list of complications is long and
covers musculoskeletal, neurological, cardiovascu-
lar, metabolic, and neoplastic complications, the
complication that may concern the oral and maxil-
lofacial clinician most is sarcomatous change of
PDB affecting the jaws.*® Cheng et al. in their syn-
thesis of the English-language literature reported
significantly more cases of osteosarcoma second-
ary to PDB of the jaws in contrast to osteosarcoma
arising from PDB elsewhere in the skeleton and
osteosarcoma arising within the jaws.*” Osteosar-
coma arising from PDB of the jaws has a predilec-
tion for females and those of sub-Saharan African
origin. Although the 5-year survival is poor (21%)
it is better than that for osteosarcoma arising from
PDB elsewhere in the skeleton, which is 5%. The
survival of the former is lower than that for primary
osteosarcoma arising within the jaws.*’
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GARDNER’S SYNDROME

The main clinical feature of Gardner’s syndrome
(GS), an autosomal disease, is familial adenoma-
tous polyposis (FAP). GS affects only 10% of FAP.*®
Any one or more of these polyps at any time can
undergo malignant change. Polyps arise after 20
years of life.” Therefore, it is important to diagnose
the syndrome as early as possible. Although the
taking of a good family history may assist in iden-
tification of polyps, the vigilance of the oral and
maxillofacial practitioner is crucial because s/he is
more likely to observe the hard tissue lesions
earlier than the onset of symptoms and signs of
FAP. Those hard tissue lesions affecting the jaws
are osteomas (Figure 10.11), odontomas, and
supernumerary and impacted teeth.*® They will be
most likely to be observed as an incidental finding
on a panoramic radiograph. Takeuchi et al. reported
the largest series of GS cases.” They found 23 cases
of GS out of 48 cases of FAP. The average age when
diagnosed was 26 years of age. They followed them
for an average of 7 years and noted that in one-half
of the cases the number and size of the osteomas
continued to increase. Although one-third devel-
oped colonic cancer, there was no significance
between malignant transformation and the extent
of the jaw lesions; indeed, the 4 cases displaying
widespread lesions were not associated with malig-
nant change.

Figure 10.11. Panoramic radiograph displaying multiple
osteomas in both the alveolar and basal processes of both
jaws of a patient with Gardner’s syndrome (polyposis coli).
The osteomas have almost completely obliterated the
maxillary antrum. See Figure 17.21 for other views of this
case. Reprinted with permission from Lee BD, Lee W, Oh
SH, Min SK, Kim EC. A case report of Gardner syndrome
with hereditary widespread osteomatous jaw lesions. Oral
Surg Oral Med Oral Pathol Oral Radiol Endod 2009;107:
e68-72.
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The multiple osteomas affecting the mandible
of a middle-aged East Asian woman in Lee et al.’s
case have a radiological presentation similar to
familial gigantiform cementoma (Figure 10.11).*
The HCT of this case additionally revealed an
osteoma expanding into the orbit displacing the
optic nerve and the globe (eyeball) (see Figure
17.21). In addition to similar familial gigantiform
cementoma-like lesions in two of her adult chil-
dren there was a definite family history of abdomi-
nal tumors. On endoscopy the patient was found
to have multiple intestinal polyps. The sole dental
anomaly was an impacted premolar.

Fonseca et al.’?, Madani et al.**, and Ramaglia
et al.®® reported peripheral (periosteal) osteomas;
such osteomas are rarely seen in nonsyndromic
cases.

Poorly Defined Radiopacities

Poorly defined lesions are generally suggestive of
aggressive disease such as malignancies or infec-
tions. This criterion by itself is not entirely decisive
with regard to those jaw lesions, which frequently
present as radiopacities. Fibrous dysplasia, a fibro-
osseous lesion affecting the jaws, also presents
with a poorly defined margin, which is central in
differentiating it from another fibro-osseous lesion.
Nevertheless, there is one other criterion that can
assist in the identification of these aggressive
lesions, the periosteal reaction. The periosteal reac-
tion is a prominent feature of general radiology but
other an expansion of the cortices it is infrequently
observed in the jaws, except in regard to chronic
infection and some malignant neoplasms, such as
the osteosarcoma.®

OSTEOSARCOMA

Osteosarcoma is the most common of the sarcomas
affecting the jaws; in an American National Cancer
Database Report osteosarcoma accounted for 78%
of sarcomas affecting the mandible in contrast to
chondrosarcoma’s 14% and Ewing’s sarcoma’s
8% .%° Overall chondrosarcoma has a 75% 5-year
survival rate, whereas both osteosarcoma and
Ewing’s sarcoma is 50%. The 5-year survival rate
of osteosarcoma secondary to Paget’s disease was
very low, about 21%.” Guo et al.,”” comparing
Chinese, Japanese, and American databases,
observed that the relative frequencies of osteosar-

coma were higher in China and Japan in contrast
to the United States. There were far fewer cases in
people over 50 years of age in the two East Asian
countries, which could be ascribed to their lower
incidence of Paget’s disease. Although both chon-
drosarcoma and Ewing’s sarcoma were higher in
the United States, chondrosarcoma first presented
younger in the Chinese.”” Van Es et al. reported that
the 10-year survival of osteosarcoma in their Dutch
report was 59%.%

Unlike its manifestation in the extragnathic
skeleton, which mainly occurs largely in the ado-
lescent, osteosarcoma affecting the jaws occurs
later in life, usually during the fourth®* and
fifth*-* decades. In a Nigerian report the mean age
was 27 years, 31 and 23 years for the maxilla and
mandible, respectively.*

Most presented as swellings. Mardinger et al.
reported that the maxillary osteosarcoma was
larger (13cm?) than that affecting the mandible
(8 cm?).* Mental paresthesia was observed between
7%* and 21%* t0 36%.%

The variety in radiological presentation may
merely reflect the ethnic origin of the community
reported. Ogunslewe et al. reported that most cases
showed a nonspecific radiolucent lesion.* Givol
et al. reported that overall 78% had poorly defined
margins and 29% displayed a locular pattern.*
Forty-one percent were “mixed,” 29 % were radio-
lucent, and 29% were radiopaque.* Fernandes
et al. reported a “sunray appearance” (Figure
10.12) in 54%* and Givol et al. reported 48% of
the cases in their synthesis with a “periosteal reac-
tion.”* In almost every such case, this was observed
on an occlusal projection. Almost all the lesions in
Givol et al’s own case series, displaying a “perios-
teal reaction,” affected the posterior mandible.*

Givol et al. stated that soft-tissue involvement
was reported in 33% and optimally displayed on
HCT.%

OSTEOMYELITIS

Osteomyelitis of the jaws frequently arises from a
dental infection. Kahn et al.’s Figure 3 appears, due
to its expansion of the whole bone and diffuse bone
pattern (Figure 10.13), similar to a case of fibrous
dysplasia.*® Petrikowski et al. reviewed 10 cases
each of osteomyelitis, fibrous dysplasia, and osteo-
sarcoma—three lesions with radiological similari-
ties.* They reported that the only two features that
most usefully distinguish osteomyelitis are “seques-
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Figure 10.12. Computed tomography (CT) of a case of recurring osteosarcoma. (a) Coronal CT (bone window) exhibiting
the sunburst pattern. (b) Axial CT displaying the above affecting almost the whole of the remaining body of the

mandible.

Figure 10.13. Panoramic radiograph displaying a diffuse
sclerosing osteomyelitis arising from a carious first molar.
This osteomyelitis has affected both the alveolar and basal
processes, resulting in the accentuation of the mandibular
canal (compare with the normal contralateral side).

tra and laminations of periosteal new bone” (Figure
10.14).%® This new bone is called an involucrum.

Figure 10.15 displays a case of osteomyelitis,
which began in the anterior mandible, that over
the years gradually involved almost the entire
mandible.

In a small number of cases, particularly the
diffuse osteomyelitis¥ may be a manifestation of
SAPHO syndrome.* This is a localized rheumatic
disease with an idiopathic etiology. It presents
with synovitis, acne, pustulosis, hypertelorism, and
osteitis—hence its acronym, SAPHO. This syn-
drome is linked with spondyloarthopathies. Diag-
nosis requires a more general review of the patient
for skin lesions and scintography to detect other

Figure 10.14. Panoramic radiograph a periosteal reaction
atthe lower border of the mandible apical to the root-filled
first molar resulting in an involucrum. This is represented
by a suggestion of laminations running approximately par-
allel to the lower border of the mandible giving rise to an
onion-skin appearance. A wide draining tract is obvious
running, through this onion-skin structure, from the periapi-
cal radiolucency to the most dependant part of the perios-
teal reaction. Sclerosing osteomyelitis is observed in
the bone adjacent to this tooth, particularly inferiorly and
distally.
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Figure 10.15. A consecutive series of panoramic radio-
graphs displaying the progression of osteomyelitis from the
midline (a) to affect the entire mandible except for the
condyles (c).

skeletal lesions. If bone resorption is present it may
be treated by bisphosphonates.*

BISPHOSPHONATE-ASSOCIATED
OSTEONECROSIS

In addition to treating osteosarcoma, Paget’s dis-
ease of bone, and SAPHO syndrome, bisphos-
phonates are also central in the treatment of

osteoporosis, multiple myeloma, and metastatic
disease.

Although osteonecrosis of the jaw has
been a long-recognized clinical phenomenon, it
briefly peaked in incidence as radio-osteonecrosis
until bone-saving radiotherapy was developed.
Recently, it has become increasingly observed as
bisphosphonate-associated osteonecrosis (BON). It
is now a recognized risk of bisphosphonate therapy,
particularly if intravenous and/or of long duration
(over 3 years).®

It presents clinically as poor wound healing,
spontaneous or postsurgical breakdown of soft
tissue to expose the bone to the oral environment,
and osteomyelitis. This may or may not be accom-
panied by pain.*

Panoramic radiography is of limited value for
the assessment of BON. It displayed only a nonspe-
cific osteolysis in all patients.**It identified a seques-
trum (Figures 10.16, 10.17) in only two-thirds of
the cases identified by HCT.®® A periosteal reac-
tion was frequently found; this was also confirmed
by Bedogni et al.”! Chiandussi et al. found that
the bone scan was most sensitive for identifying
early-stage osteonecrosis.*> Furthermore, in such
cases single photon emission computed tomography
fused with computed tomography (SPECT/CT) may
enhance the bone scan by distinguishing the osteo-
necrotic nidus from the adjacent hyperactive viable
bone. The reader is reminded that bisphosphonates
are part of the treatment for multiple myeloma and
metastatic breast and prostrate cancers.*® Therefore,
areas of hyperactivity may represent metastasis.

Both HCT’s and MRI’s definition of the extent
of the osteonecrosis was invaluable for distinguish-
ing between the osteonecrotic and osteomyelitic
patterns of BON representing exposed and unex-
posed bone, respectively.” The osteonecrotic pattern
gave a low hypointense signal on T1-weighted and
T2-weighted and inversion recovery (IR) images,
suggesting a low water content, which is consistent
with the paucity of cells and blood vessels. The
osteomyelitic pattern was characterized by a hypoin-
tense T1-weighted, a hyperintense T2-weighted and
IR images. These suggest an abundant cellular and
vascular tissue with osteogenesis.”

FIBRO-OSSEOUS LESIONS

My review of the differential diagnoses of those
lesions, presenting in the Hong Kong Chinese,
which frequently present as radiopacities, indi-
cated that fibro-osseous lesions (FOLs) appeared



Figure 10.16. Panoramic radiograph and computed tomo-
graph (CT) of a case of bisphosphonate osteonecrosis. (a)
Panoramic radiograph displays affected edentulous site.
The affected bone is delimited by a broad radiolucent band
running parallel and above the mandibular canal. The bone
above it is being sequestrated (b). The coronal CT exhibits
the sequestrum. Figures courtesy of Dr. Michele Williams,
British Columbia Cancer Agency.

frequently. These FOLs are fibrous dysplasia, ossi-
fying fibroma, and osseous dysplasia. As observed
in Figures 10.1 and 10.2, FOLs are central in the
differential diagnosis of a radiopacity affecting the
jaws. Although they display a similar histopathol-
ogy, a spectrum between cementoid and osteoid,
their clinical and radiological presentations and
treatment outcomes differ. Figure 10.18 displays
the development of the nomenclature and classifi-
cation of FOLs. Although it includes only those
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Figure 10.17. Panoramic radiograph displaying bisphos-
phonate osteonecrosis affecting the entire posterior alveo-
lus of the right mandible. Posteriorly this reaches down to
the mandibular canal and reaches the lower border of the
mandible anteriorly. Figure courtesy of Dr. Michele
Williams, British Columbia Cancer Agency.

terms that appear to be currently in use, this sim-
plified figure is still able to display the “lumping”
and “splitting,” which appear to attend frequently
the development of most classifications and
systems of nomenclature.

The late Charles Waldron wrote “In absence
of good clinical and radiologic information a
pathologist can only state that a given biopsy is
consistent with a FOL. With adequate clinical and
radiologic information most lesions can be assigned
with reasonable certainty into one of several cat-
egories.”® Conversely in the absence of such infor-
mation Eisenberg and Eisenbud stated “pathologists
today will often rightly decline to render a defini-
tive diagnosis. ... Instead, the pathologist will
resort to the noncommittal designation of benign
fibro-osseous lesions [their italics]. This is the only
acceptable approach considering the potential for
inappropriate treatment otherwise.”>® Therefore
the identification or clarification of the majority of
histopathologically proven FOLs affecting the jaws
is made upon clinical and radiological features.

FIBROUS DYSPLASIA

Jundt® defined fibrous dysplasia (FD) as “a geneti-
cally based sporadic disease of bone that may
affect single or multiple bones ... FD occurring in
multiple adjacent craniofacial bones is regarded as
monostotic (craniofacial FD). FD may be part of
the McCune-Albright syndrome.”

FD is an important lesion affecting the maxil-
lofacial region because it can cause severe defor-
mity and asymmetry, and, most devastating of all,
blindness.

Jundt’s basis for referring to FD as a geneti-
cally based sporadic disease of the bone is that
“Mutations in the gene (GNAS I) encoding for the
o-subunit of a signal transducing G-protein (Gs-o)
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Development of nomenclature and classification of fibro-osseous lesions of the jaws
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Figure 10.18. Development of the nomenclature and classification of fibro-osseous lesions of the jaws.



Table 10.2. Fibrous dysplasia: systematic review
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Male :Female 48% :52%

46%:54%

50%:50% 42% :58% 88%:12%"

Mean number per year per report 1.6 0.9 1.9 3.2 0.1

Mean prior awareness 5.2 years 5.7 years 3.6 years 6.3 years 4.5 years
Mean age 24 years 25 years 24 years 23 years 16 years
Mand : Max 42% :58% 48% :52% 41%:59% 39%:61% 0%:100%*
Mand:Ant:Post 14%:86%" 7% :93%* 100%:0%* 0%:100%* INA

Max :Ant:Post 19%:81%

25%:75%"

12%:88%* 100%:0%* 0%:100%*

Swelling: Y:N 93%:7% 98% :2% 90%:10% 95% :5%* 100%:0%*
Pain: Y:N 19%:81% 12%:88% 26%:74% 5% :95%* 50%:50%*
Incidental: Y:N 2% :98% 2% :98% 3%:97% 100%:0%* 100%:0%*
Radiolucen: Y:N 5%:95% 7% :93% 4% :96% 8%:92%* INA
GroundGlas: Y:N 38%:62% 54%:46% 38%:62% 28%:72% INA
Expansion: Y:N 100%:0% 100%:0%* 100%:0% 100%:0%* INA
LBMd: Y:N 100%:0%* 100%:0%* 100%:0%* 100%:0%* INA
Antrum: Y:N 98% :2%* 100%:0%* 100%:0%* 88%:12%* INA
ToothDispl: Y:N 35%:65% 41%:59%* 28%:73%* 75% :25%* INA
RootResorp: Y:N 2%:98% 100%:0%* 2%:98% INA INA

Reactivat: Y:N 18%:82%

4% :96%

16%:84%* 72%:28%" 18%:82%*

*Advises that the percentages were derived from either one report or from a synthesis of no more that 50 cases. Ant:Post,
Anterior : Posterior; GroundGlas, Ground Glass; INA, Information not available; LatinAmer, Latin American; LBMd, downward expansion
of the lower border of the mandible; Mand :Max, Mandible : Maxilla; Reactivat, Reactivation; subSaharan, sub-Saharan African;
ToothDispl, Tooth displacement; ToothResorp, Tooth resorption; Western, predominantly Caucasian; Y:N, Yes:No.

lead to increased c-AMP production affecting pro-
liferation and differentiation of preosteoblasts.”**®

FD can present either as a local lesion (the
monostotic form) or as a systemic lesion (the poly-
ostotic form). When this last form is combined
with hormonal changes, it is now the McCune-
Albright syndrome (MAS), of which precocious
puberty is perhaps the most striking feature.

The global distribution of reports included in
the systematic review>® upon which much of the
following is derived is set out in Figure 1.44 and
their details in Table 10.2.

The mean number of cases of FD per year
globally was 1.6. Although this was highest for the
sub-Saharan African global group and least for the
Western, the difference was not significant.®

Although it is generally accepted that FD is a
disease affecting children and adolescents and
burns out at the end of puberty in most cases. my
recent systematic review refutes this contention.
Indeed, the majority first present over 20 years old
(some even as late as the 8th decade) with an
overall mean of 24 years (Table 10.2). In addition,
the period of the patient’s prior awareness before

first presentation is 5.2 years.*® Taken together, the
average patient becomes first aware of his/her
disease when 19 years old, precisely when it is
traditionally expected to “burn out.”*® Nevertheless,
almost all polyostotic cases first present early in
infancy.

Therefore, if it is supposed that all FDs arise
during childhood or puberty, most remain unde-
tected only to become active or be reactivated later
and thus be detected for the first time later in life.
This conclusion is feasible if the classical division
of FD into monostotic, polyostotic, and MAS forms
is considered to reflect the timing of the mutation
and, thereby, the initial size of the mass of FD
precursor cells.*”*® The polyostotic form may arise
in fetal life, whereas the monostotic form may arise
postnatally.®® In addition to discussing how the
different forms of FD arose, the two cited authori-
ties together comprehensively discuss the genetic
basis of this lesion. Some of the discussion on both
topics was detailed in their earlier publications,
which they cite clearly.

The systematic review demonstrated that the
distribution between the sexes is almost equal,
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with females prevailing slightly. The mean overall
age at first presentation is 24 years, ranging between
5 to 79. The second decade attracted most cases
upon first presentation, 36% percent of all cases
of which 67% are males. Males slightly predomi-
nate in the third decade but are in the minority in
all other decades.*

The polyostotic form (with/without endocri-
nopathies) is easy to diagnosis because many
bones are affected and it occurs in childhood, com-
pelling the patient’s parents to seek treatment. The
McCune-Albright Syndrome (MAS) is just one of a
series of lesions associated with precocious puberty,
which has been extensively discussed by Fahmy
et al.”® They also provide an algorithm. A diagnosis
of precocious puberty requires radiography of the
bones of the wrist to determine the developmental
age. Café-au-lait spots lead towards a diagnosis of
MAS, which should then indicate a bone scan or
other radiology to determine the presence of poly-
ostotic FD.%

The monostotic form may not be so easy to
diagnose. The monostotic form accounts for up to
85% of cases. Monostotic means “one bone,”
which is the correct term when applied to FD
affecting the mandible but is not strictly true when
applied to FD affecting the maxilla. FD affecting
the maxilla may involve one or more contiguous
bones, such as the zygomatic (malar) and palatine
bones. Therefore, “craniofacial fibrous dysplasia”
has been coined for such cases and used by Jundt
in the WHO’s 2005 edition.® The maxillofacial
subset of the craniofacial FD accounted for 13 % in
a recent systematic review.*

Although bone biopsy of FD is generally
avoided in medicine, particularly in those cases
where pathological fracture may be high, this
appears not to be the case of FD affecting the jaws.
Only one case of apparent pathological fracture
and nonunion has been reported for FD affecting
the mandible.®® Therefore, a biopsy, required to
confirm FD histopathologically, should not be con-
traindicated solely for this reason. But it is a gener-
ally accepted principle that the biopsy should be
deferred until all necessary imaging has been com-
pleted; otherwise, the radiological presentation
may be compromised (see Figure 1.2). Biopsies are
still necessary for the histopathological diagnosis
of FOL, which in conjunction with a poorly defined
margin of a radiopaque lesion on conventional
radiography is necessary for the diagnosis of FD.
Biopsy is also required to refine our understanding
of the genetics of FD. It is also required for the

identification of markers for future adverse conduct
such as reactivation.

In spite of the fact that, at first presentation,
the FD lesions in one recent report were so large
that many affected all or most of the hemimandible
or hemimaxilla, very few were discovered as inci-
dental findings. Furthermore, the clinicians offered
solely “fibrous dysplasia” as their provisional diag-
nosis only on the basis of their clinical and radio-
logical findings.*

Only 2% are discovered as incidental findings
in the systematic review; the rest presented with
symptoms.>® Ninety-three percent of cases first
present with swelling. Swelling was significantly
more frequent in the Western global group than in
the East Asian global group. Overall, 19% pre-
sented with pain.® A higher proportion of East
Asian cases present with pain in comparison to
other global communities. In the jaws the maxilla
is affected in 58% of cases; the Western global
group approached equal distribution between the
jaws. FD displays an overwhelming predilection for
the posterior sextants of both jaws.%

FD affecting the face and jaws differs radio-
logically and histologically from that of the rest of
the skeleton. FD affecting the jaws is poorly
defined, according to Slootweg and Miiller’s 1 mm
criterion (see Chapter 1),* whereas that of the
extragnathic FD is generally well defined.®* A pos-
sible reason for this difference is that the jaws are
derived from membrane and long bones are from
cartilage.®® Support for this contention comes from
the WHO’s second edition (edited by Schajowicz)
of the classification of neoplasms affecting the ext-
ragnathic skeleton, which included cartilage as an
expected histopathological element of FD affecting
the skeleton outwith the jaws.®* Conversely, the
WHO’s 2005 edition of the classification of the
odontogenic neoplasms did not include cartilage as
an expected feature of FD affecting the jaws.**

Radiologically overall, 38% present with
ground glass as the predominant pattern (Figure
10.19b); it was significantly more frequently observed
in Western than in sub-Saharan African communi-
ties. Seven percent are predominantly sclerotic and
5% radiolucent (Figure 10.20). Seven percent pre-
sented as peau d’orange (Figures 10.21, 10.22).%

The lower proportion of ground-glass pattern
in this systemic review conflicts with Jundt’s defi-
nition of FD.* His specification of ground glass as
the sole pattern in his definition, may be under-
stood as perhaps being derived from the presenta-
tion of FD on computed tomography,* the modality



Figure 10.19. Conventional radiographs of bimaxillary
fibrous dysplasia. (a) Panoramic radiograph of a case of
fibrous dysplasia affecting the right hemimandible and the
right hemimaxilla. The right dysplastic lesion of the man-
dible has crossed the midline of the mandible. The midline
has been denoted by the image of the post of the bite
block. The dysplastic areas are readily distinguishable
from those that remain normal; the wide zone of transition
between the dysplastic and normal adjacent bone means
that there is poorly-defined margin between them. The
fusiform expansion of the mandible is obvious in the verti-
cal dimension. The dysplastic lesions of both jaws have
displaced the teeth toward each other resulting in an open
bite of the largely unaffected left side. The lamina dura of
the teeth within the affected regions are absent, in com-
parison to those in the unaffected regions. (b) True occlu-
sal radiograph. The teeth still generally follow a catenary
curve, although a central incisor has been displaced buc-
cally. The patterns of the dysplastic bone vary throughout
from ground glass, to peau d’'orange, to radiolucency pro-
gressing from the right to left paramedial regions. The
buccal dysplastic cortex is very thin in comparison to the
normal contralateral side.

Chapter 10: Radiopacities 169

Figure 10.20. Computed tomography of a polyostotic case.
(@) Axial CT (bone window) displays fusiform expansion
and a radiolucent area in the center of the lesion. This is
generally unusual in monostotic cases. (b) Coronal CT
(bone window) through the above radiolucency displaying
expansion in all directions in comparison with the normal
contralateral side. The ipsilateral maxilla also is affected in
this polyostotic case. See Figure 17.25, which displays a
sagittal section exhibiting involvement of the basiocciputal.

he clearly favored. Nevertheless by reference to
Figures 10.19 to 11.23 and 11.30 to 11.36. It can
been seen that FD has a wide range of presenta-
tions both on conventional radiographs and com-
puted tomography. The spatial resolution of HCT
is poorer than that for conventional dental radiog-
raphy, the spatial resolution of the former is mea-
sured in line pairs per centimeter in comparison to
the latter’s measurement in line pairs per millime-
ter. The latter is the gold standard for determining
the degree of marginal definition, as earlier defined
by Slootweg and Miiller in Chapter 1.



Figure 10.21. (a) Standard occlusal image of the maxilla displaying dysplasia. There is no displacement of teeth. The
buccal cortex has been expanded and exhibits peau d’'orange (orange peel) appearance, whereas the palatal portion dis-
plays a ground-glass appearance. (b) Photograph of orange skin (peau d’orange) displays its characteristic stippled surface.
Figure (a) reprinted with permission from MacDonald-Jankowski DS, Li TK. Fibrous dysplasia in a Hong Kong community;
the clinical and radiological presentations and the outcomes of treatment. Dentomaxillofacial Radiology 2009;38:63—72.

Figure 10.22. Periapical radiographs of fibrous dysplastic lesions affecting the maxilla. The teeth embedded within the
dysplastic bone have no lamina dura although a periodontal space is apparent. Figure (b) exhibits a ground-glass pattern,

whereas (a) also displays a peau d’orange pattern. In Figure 10.22b, the roots within the dysplastic bone display an abnor-
mal shape and root resorption.
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Figure 10.23. Axial bone window (a) and soft-tissue
window (b) computed tomographs of the same case dis-
playing fusiform shape. Note: The area covered by the
image of the bone in a soft-tissue window is larger than
that covered by the image of the same bone in the bone
window.

The classical fusiform (spindle) shape of FD
(Figure 10.23), is even observed if the lateral wall
of the antrum is affected (see Figure 11.32c).** Only
one report in a recent systematic review on FD
reported three of its cases as multilocular radiolu-
cencies.®® These cases appeared in a report 4
decades ago and can be discounted because they
may represent cherubism (see Chapter 9), which
had at that time been considered as a manifesta-
tion of FD.

All cases reported buccolingual expansion
and displacement and/or thinning of the lower
border of the mandible. The maxillary antrum is
involved in nearly every case of adjacent FD (see
Figures 11.30-11.36).%°
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The displacement of the mandibular canal
differed between reports. It was displaced down-
ward (see Figures 1.7, 10.19) in a Canadian report,*
either upward or downward in a Hong Kong
Chinese report. This may reflect differences
between different global communities. Petrikowski
et al.*® suggested that the loss of the lamina dura
within the dysplastic lesion can be used to confirm
a radiological diagnosis of FD (see Figure 10.22).

Teeth were displaced in 35% of cases (see
Figures 1.7 and 10.19), significantly more in
Western than in East Asian reports. Root resorption
(see Figure 10.22b) was observed in only 2 cases
in an East Asian report.* In addition, 1 of these
cases displayed abnormally shaped roots (see
Figure 10.22b). This may have been induced by the
adjacent dysplastic process during the develop-
ment of their root.®

As already stated, in addition to an FOL histo-
pathology, a radiologically poorly defined margin is
an essential criterion for a firm diagnosis of FD. This
feature is really reliably displayed by conventional
radiography by virtue of its superior spatial resolu-
tion.%* Nevertheless, CT (both HCT and CBCT) can
more readily display the full extent of the lesion,
particularly within the more anatomically complex
maxilla (see Figures 4.5, 11.30-11.36).%

The cortex when displayed on HCT is gener-
ally intact, except when adjacent to the teeth in
the maxilla. The margins were generally poorly
defined, but well defined on at least some sections
of each maxillary case.®

All cases displayed expansion, which was
fusiform in the mandible (see Figure 10.23), and
an enlargement of the normal contour in the
maxilla (see Figure 11.30a). Although the maxillary
antrum when affected is completely obturated,
Figure 11.32 displays an FD lesion at an interim
stage in the obliteration of the maxillary antrum.
It exhibits a rounded dome shape, which while
suggestive of a benign neoplasm, is actually a fusi-
form expansion of the lateral wall. All maxillary
cases extended back to the pterygoid process but
did not displace it.**

The bone windows generally displayed a
ground-glass pattern; one also displayed cystlike
radiolucencies (see Figures 11.30, 11.34.). The soft-
tissue window, which depicts mineralized tissue as
white, showed that 5 cases were completely min-
eralized. Compare the bone windows of Figures
4.5a and 10.23a with their corresponding soft-
tissue windows, Figures 4.5b and 10.23b.%



172 Part 3. Radiological pathology of the jaws

Clinical implications

Surgery is generally indicated if there is a threat to
vision, which occurs particularly when the FD
reduces the diameter of the optic canal. Steroids
are given immediately to safeguard vision; surgery
then follows.” Although blindness is a real risk for
FD primarily involving the skull base (optic canal),
there appears to be no report of blindness caused
directly by FD arising from the jaws. The fact that
not one case of proptosis was reported within a
total of over 336 maxillary cases of FD in a system-
atic review®® indicates that this is not a frequent
finding of cases of FD arising primarily in the jaws.
This is particularly surprising considering the sub-
stantial increase in the vertical dimension of the
maxilla observed in one HCT series.** Nevertheless,
occasionally proptosis does happen in such cases
(see Figure 11.30).%

Although surgery of FD during its active
growth period may cause increased growth, in
the past it was generally the view that it would
best to await “burnout” of the lesion’s growth,
which should coincide with the cessation of the
individual’s growth, namely early adulthood. As
already noted, the view that burnout occurs in
late adolescence, has been refuted by the system-
atic review*’;the majority of cases in the sys-
tematic review first presented older than the second
decade.

It is now clear that not every known case of
FD presenting during childhood and adolescence
burn out; some are activated or reactivated in adult
life by a precipitating factor such as pregnancy. A
woman was blinded in one eye by the activation
of FD during her pregnancy.®® Reactivation is not
confined just to females with FD; males have also
occasionally exhibited reactivation.” Furthermore,
Jacobsson et al. reported recurrent episodes of pain
and swelling.*

[ have used the term “reactivation” rather
than “recurrence” because the former more accu-
rately describes the FD’s response to life events,
which will be discussed later, rather than to a
failure to ablate completely the lesion in the manner
of a neoplasm, which is generally implied by the
term “recurrence.” Although it is clear from the
preceding paragraph that the majority of FDs do
not comfortably rest within the definition of a
harmatoma, neither are they neoplasms. Therefore,
it is for this reason that FDs are placed at Point
2 in the “Scale of Severity of Outcomes” (see
Table 1.1).

Futhermore, waiting until burnout in late ado-
lescence is infrequently a real option because the
psychological injury provoked by such deformity
in early adolescence precipitates the need for its
surgical reduction. This is usually achieved conser-
vatively by “shaving.”

The readers should be aware that there is a
misunderstanding by some head and neck sur-
geons serving some communities, that FD and OF
are part of the same disease spectrum® and that
FD is a true neoplasm. As a result, FD of the face
and jaws in these communities have been routinely
resected.®

An autopsy of a woman whose first diagnosis
of FD had been made 60 years earlier revealed that
the dysplastic bone was similar to that seen in
active cases with no evidence of involution to
normal lamellar bone.” Therefore, as Posnick sug-
gests, FD should be considered as a lifelong disease
and merit lifelong follow-up.” Although he also
suggests that this follow-up should be supple-
mented by HCT,”* he did not disclose the precise
clinical indications for this. Nevertheless, There
have been very few case series that have been fol-
lowed up for a long period. The longest and largest
is that of the Hong Kong Chinese, in which 17
patients were followed up for a mean of 9 years.®

Despite the paucity in follow-up, 18% of
cases were reactivated.® This happens significantly
more in the sub-Saharan African global group than
in the Western global group. The East Asian global
group with an intermediate reactivation rate differs
significantly from both of them. It should be noted
that the reports and overall numbers of cases in
this synthesis of the global groups, other than the
Western global group, are small.

The systematic review demonstrated that
polyostotic cases occurred in 39% of included
reports and constituted only 6% of all cases con-
tained within these reports. It was most likely that
these polyostotic cases were already known to the
patient due to earlier diagnosis of the perhaps
more obvious extragnathic lesions, such as those
affecting the limbs. Furthermore, menstruation in
an infant girl with MAS would be obvious to her
parents.

FD has a reputation to undergo sarcomatous
change. This change was most frequently associ-
ated with radiotherapy, which was discontinued as
a treatment for FD over 4 decades ago. Sarcomatous
change is more likely to occur spontaneously with
MAS 10 times more frequently than for the mono-



stotic form.” Vigilance by oral and maxillofacial
clinicians is necessary because the jaws are the
most frequent site for this transformation.”
Nevertheless, only one case has occurred within a
sequential case series during follow-up.”
Regardless, of its frequency a lucency within dys-
plastic bone with poorly defined borders should
indicate further investigation. This should be par-
ticularly more ominous if the dysplastic cortex is
destroyed with/without spiculated periosteal reac-
tion, and there is a widening of the entire peri-
odontal ligament space. HCT of a sequential series
of cases indicated that although the cortex of the
dysplastic areas of the jaws varies, it is intact.*
Breaks in the cortex could also result from biopsies
(see Figure 1.2) and surgical shaving. Although the
lamina dura of the periodontal ligament is replaced
by dysplastic bone the space is not only still patent,
but subjectively it appears to be narrower than
normal.* Therefore any widening should be viewed
as suspicious.

Although an association between aneurysmal
bone cysts (ABC) and FD, particularly affecting the
base of the skull, is well known, ABCs occurring
within FD of the jaws is infrequent. Indeed the
best published cases of such affecting a mandible”™
and affecting the maxilla” have been reported in
medical sources.
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OSSIFYING FIBROMA (ICD-O 9262/0)

Slootweg and El Mofty defined the ossifying
fibroma as “a well-demarcated lesion composed of
fibrocellular tissue and mineralised material of
varying appearances. Juvenile trabecular and juve-
nile psammomatoid ossifying fibroma are two his-
tologic variants of ossifying fibroma.””®

The term ossifying fibroma (OF) has been
adopted by the 2005 edition of the WHO’® in prefer-
ence to its second edition’s “cemento-ossifying
fibroma.””® The latter was a histopathological
descriptive term denoting the varying mixture of
osseous and cementoid elements. As both ele-
ments are now recognized as variants of abnormal
bone, such a term became redundant. Nevertheless,
the form affecting extragnathic skeleton, which,
prior to 1993 had been called ossifying fibroma, is
now known as osteofibrous dysplasia.® Schajowicz
recognized the continued use of the term ossifying
fibroma but confined it to the jaws.®

The OF is a well-defined benign neoplasm that
has a capsule (Figure 10.24). It is readily enucleated
and does not recur in the majority of cases. Those
recurring cases generally represent the juvenile OF
form. which affects individualsin the first 2 decades.
Cases of this lesion had been reviewed by Slootweg
et al. and divided into the psammomatoid and

Figure 10.24. Conventional radiography of ossifying fiboroma (OF) affecting the posterior mandible. (a) Panoramic radio-
graph displaying an OF with a well-defined periphery. The central radiopacity is separated from the normal adjacent bone
by a radiolucent space representing the capsule. The central radiopacity displays both peau d’orange and cotton wool
sclerosis. The mandibular canal has been displaced. The lower border of the mandible has also not only been displaced
but is also eroded. The roots of the first molar tooth have been resorbed and the roots of the second molar appear to be
displaced distally. (b) True occlusal radiograph displaying buccolingual expansion. Reprinted with permission from
MacDonald-Jankowski DS, Li TK. Ossifying fibroma in a Hong Kong community; the clinical and radiological presentations
and the outcomes of treatment and follow-up. Dentomaxillofacial Radiology 2009;38:514-523.
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Table 10.3. Ossifying Fibroma: systematic review

Male :Female 29%:71% 31%:69% 26%:74% 33%:67%" 25%:75%"

Mean number per year per report 1.7 1.1 1.6 3.0 0.5

Mean prior awareness 1.7 0.9 2.8 1.4 INA

Mean age 31 years 32 years 35 years 19 years 33 years*
Mand : Max 75%:25% 78%:22% 83%:17% 48%:52% 65% :35%"
Mand:Ant:Post 37%:63% 50% :50% 17%:83% 33%:67%" 18%:82%*
Max :Ant:Post 32%:68% 35%:65%" 25%:75%* 50% :50%" 17%:83%"
Swelling: Y:N 66%:34% 42% :58% 79%:21% 100%:0%* INA

Pain: Y:N 16%:84% 13%:87% 20%:80% 0%:100%* INA
Incidental: Y:N 31%:69% 43%:57% 283%:77% 0%:100%* INA
Radiolucent 26%:74% 36%:64% 21%:79% 10%:90%* INA

Uni : Multiloc 80%:20% 76%:24% 90%:10%" INA INA
Cortex: Y:N 53%:47% 53%:47%* 52%:48% INA INA
Expansion: Y:N 84%:16% 72%:28%* 86%:14% 100% :0%* INA

LBMd: Y:N 50%:50%* 25%:75%* 45% :55%" 100%:0%* INA
Antrum: Y:N 90%:10%* 100%:0%* 100%:0%* 67%:33%* INA
ToothDisplace 27%:73% 28%:72% 25%:75%* INA INA
RootResorption 20%:80% 25%:75% 4% :96%" INA INA
Recurrent: Y:N 12%:88% 16%:84% 7% :93%* 10%:90%* INA

*Advises that the percentages were derived from either one report or from a synthesis of no more that 50 cases. Ant:Post,
Anterior : Posterior; INA, Information not available; LatinAmer, Latin American; LBMd, downward expansion of the lower border of the

mandible; Mand : Max, Mandible : Maxilla; subSaharan, sub-Saharan African; ToothDispl, Tooth displacement; ToothResorp, Tooth
resorption; Uni:Multiloc, Unilocular :Multilocular; Western, predominantly Caucasian; Y : N, Yes:No.

the WHO (now trabecular) types.® The former
affected young adults and was considered an
aggressive variant of OF whereas the latter was
confined to children under 15 years of age. Slootweg
now includes both the above-mentioned juvenile
types of JOF within the OF as a subtype,’® affirming
Brannon and Fowler’s® earlier contention that JOF
was not a separate entity. They found both its
psammomatoid and WHO (now trabecular) histo-
pathology, as defined by Slootweg et al.,* within
the different parts of the same lesion at different
times. They added that, “because the initial treat-
ment for all (their italics and bold text) OF is
assured complete surgical excision and because
follow-up is recommended for all, the necessity of
the diagnosis of ‘JAOF’ (my comment: Juvenile
Aggressive OF, a synonym for JOF) may be unwar-
ranted.”® They determined that all OFs need to be
enucleated completely to prevent recurrence.®
Nevertheless, OFs do recur after careful surgery. A
need for long-term follow-up is evident in Meister
et al’s report; their 4 OFs followed up for 18 years
all recurred.® There is so far no radiological marker
to determine which lesion is likely to recur.

A hitherto under-considered aspect of OF is a
possible association with a familial hyperparathy-
roidism.*® This is hyperparathryoidism-jaw tumor
syndrome and has an autosomal dominant trans-
mission.® Unlike primary hyperparathyroidism,
which affects the older adult, this recently identi-
fied syndrome presents in adolescents. A secreting
carcinoma is the cause in 10-15%. Furthermore,
its course is more aggressive, causing more severe
hypercalcemia, which may actually present with a
hypercalcemic crisis.®

The global distribution of reports included in
the systematic review® upon which much of the
following is derived is set out in Figure 1.45 and
their details in Table 10.3.

The mean number of cases of OF per year
globally was 1.7,% similar to the FD.*® Again as for
the FD, although this was highest for the sub-
Saharan African global group and least for the
Western, the difference was not significant.®

OF has a predilection for females (71%) and
is the similar for all global groups. Their mean age
at first presentation is 31 years of age. The East
Asian global group with the oldest mean age is



significantly older than the sub-Saharan Africans
with the youngest mean age.* The peak decade for
first presentation is the third and fourth decade
equally; they account for nearly one-half of all
cases. Sub-Saharan Africans present in the second
decade, whereas the other three global groups
present in the fourth decade.®® Males account for
nearly one-half of cases in the second decade, but
only for 15 to 20% in the subsequent 3 decades.
The period of prior awareness for OF is 1.7 years.®

Thirty-one percent are detected as incidental
findings, whereas 66% first present with swelling
and a 16% with pain. Swelling presents signifi-
cantly more frequently in the East Asian than in
the Western global group and vice versa for those
discovered as incidental findings. The mandible is
affected in 75% of cases except for sub-Saharan
Africans, among whom both jaws are affected
equally. This was particularly significant in com-
parison to the 83% :17% mandible: maxilla ratio
in East Asians. Mandibular cases of OF are equally
distributed between the anterior and posterior sex-
tants only in the Western global group. The other
global groups display a predilection for the poste-
rior sextant, particularly in East Asians with an
anterior: posterior sextant ratio of 17%:83%.
Overall the anterior sextant of the maxilla is affected
in only 32%.%

Although the internal structure of OF on con-
ventional radiography is similar to FD, reflecting
their similar histopathology, the OF has a capsule.
This capsule is represented by a well-defined radio-
lucent line sharply separating the lesion from the
adjacent normal bone.* This feature can be easily
and cheaply appreciated on a single conventional
image, such as a panoramic radiograph (see Figure
10.24a). This image can be, if necessary, supple-
mented by intraoral images.

The predominant radiological pattern (radio-
lucency, radiopacity within a radiolucency, or com-
pletely radiopaque) varied significantly between
global groups. It also varied between reports within
these groups, indicating that the pattern will vary
with the community reported, which may be in
turn be influenced by the age at first presentation.
Fifty-eight percent present with the classical pre-
sentation of a radiopacity within a radiolucency
(see Figure 10.24a). Twenty-six percent are radio-
lucent (Figure 10.25), and 16% are completely
opaque. Sub-Saharan Africans display significantly
more radiolucent lesions. This is likely to reflect
their younger age at first presentation. The OFs in
an East Asian report are equally divided between
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Figure 10.25. Panoramic radiograph of an ossifying fibroma
(OF) presenting as its initial or early radiolucent stage
appear as radiolucencies. The presentation in this stage can
be as multilocular radiolucencies. This case also displays,
in addition to tooth displacement, root resorption, which is
strongly suggestive of a solid ameloblastoma. Note:
Generally, lesions are infrequently as well-displayed and
accurately displayed in the midline of a panoramic radio-
graph as in this case. This investigation should normally be
supplemented by pulp-testing and intraoral radiographs.
Reprinted with permission from MacDonald-Jankowski
DS. Fibro-osseous lesions of the face and jaws. Clinical
Radiology 2004;59:11-25.

those that have a round or oval shape.®” The oval-
shaped OFs are significantly larger. Half of them
present in females of 45 years old or older.®

Fifty percent present with a cortex or mar-
ginal sclerosis.®

Eighty-four percent present with buccolingual
expansion (Figure 10.26). Although the OF can
display substantial buccolingual expansion, this is
not always so because the buccolingual expansion
may not always reflect the mesiodistal expansion
of the neoplasm (see Figure 10.24).%

The lower border of the mandible presents
with erosion and/or displacement (see Figures 1.8,
10.19, 10.24a) in one-half of mandibular cases.®
The maxillary antrum is involved by 90% of cases
of OF subjacent to it.%

Teeth are displaced in 27% of cases (see
Figures 1.8, 10.24a) and roots are resorbed in 20%
of cases (see Figure 10.24a, 10.25).% The sole East
Asian report in the systematic review displayed
significantly fewer cases of root resorption in com-
parison to one of two Western reports.* There was
no overall significant difference between the East
Asian and Western global groups.®
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Figure 10.26. Axial computed tomography (bone window)
of a ossifying fibroma displaying buccolingual expansion.
The periphery of the lesion is well defined. The cortex is
eroded at several points.

Because the signal intensity on T1-weighted
and T2-weighted MRI images is dependent upon a
number of factors, such as the amount of bone
trabeculae and degree of cellularity,®® FD and OF
both show an intermediate signal on T1-weighted
and a hypointense signal on T2-weighted images.*
The hypointense signal intensity on T2-weighted
images is caused by numerous bony trabeculae.®
In the early stage of FD, there may be areas of T2-
weighted hyperintensity.*® This may correlate with
the bone resorption phase of early FD. Although
intravenous contrast (Gadolinium) produces a
moderately enhanced signal for OF, it is often
marked for FD. Although both FD and OF can be
mistaken for meningioma on MRL® MRI offers
greater specificity where there is neurovascular
and ocular involvement.®

Clinical implications

Twelve percent recur after treatment, which is gener-
ally enucleation.® There was no difference between
global groups. There is some circumstantial evi-
dence that the onset of menopause may initiate,
reactivate, or accelerate growth. Those cases first
presenting during menopause were significantly
larger than those first presenting between attain-
ment of the peak bone mass and menopause.*

OSSEOUS DYSPLASIAS

As can be seen by reference to Figure 10.18, of all
lesions affecting the face and jaws this group of

lesions have perhaps seen the most changes in
their nomenclature and classification, certainly
since the WHO’s first edition.”® This change is still
taking place. This FOL has now been divided into
two broad categories, the focal and the florid forms.
Although they are not neoplasms they have excep-
tionally been included in the recent 2005 edition
of the WHO classification of odontogenic neo-
plasms,” which excluded all the other nonneo-
plasms, with the other exceptions of FD and simple
bone cyst. Although they are generally not consid-
ered to be odontogenic lesions, they are undoubt-
edly related to the presence of teeth. Almost all
appear above the mandibular canal and thus are
confined to the alveolar process. This suggests, at
least, some odontogenic influence upon their
genesis. For the same reasons given for OF, the
WHO’s 2005 edition® preferred to use “osseous
dysplasia (OD)” rather than “cemento-osseous dys-
plasia” used in the second edition.” The term
osseous dysplasia is adopted for this text.

Florid osseous dysplasia

The global distribution of reports of florid osseous
dysplasia (FOD) included in the systematic review®
upon which much of the following is derived is set
out in Figure 1.46 and their details in Table 10.4.
This lesion was initially associated with middle- to
old-aged females of sub-Saharan African origin,
but also more recently in those of East Asian origin.

The mean number of cases of FOD per year
globally is 1.2. The mean number of cases is
highest for the Western global group but surpris-
ingly least for the sub-Saharan global group. This
may reflect the greater ethic diversity within the
former, particularly the United States of America
where those of non-European origin account for
nearly one-third of the population, and the lower
life expectancy in the latter. In the sub-Saharan
African global group, potential FOD victims are
more likely to die earlier in life of other causes
before they could acquire the FOD lesions.”

FOD has been known under a variety of
names.” It overwhelmingly affects females (97 %).
The mean age at first presentation is 49 years old
(Table 10.4). The age range is 21 to 83 years old.
Half are discovered as incidental findings; 48%
first present with pain, 31% with swelling, and
30% with a discharge or a fistula. Comparison of
two case series derived from the same community
showed that the series of cases observed as inci-
dental findings on radiographs were significantly
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Male :Female 3%:97% 2% :98% % :96%* 0%:100%" INA
Mean number per year per report 1.2 2.2 0.6 0.2 INA
Mean age 49 years 48 years 51 years 52 years INA
Mand: Y:N 100%:0% 100%:0% 100%:0% INA
Mand:Ant: Y:N 64% :38% 78%:22%* 54%:45%* 20%:80%* INA
Mand:Post: Y:N 99%:1% 100%:0% 96%:4%* 100%:0%* INA
Max: Y:N 68%:32% 68%:32% 71%:29%* 60% :40%* INA
Max :Ant: Y:N 53%:47% 70%:30%* 40%:60%* 0%:100%* INA
Max :Post: Y:N 100%:0% 100%:0%* 100%:0%* 100%:0%* INA
Swelling: Y:N 31%:69% 35%:65% 24%:76%* INA INA
Pain: Y:N 48%:52% 35%:65% 69%:31%* INA INA
Incidental: Y:N 49%:51% 54% :46% 40% :60%* INA INA

*Advises that the percentages were derived from either one report or from a synthesis of no more that 50 cases. Ant:Post,
Anterior : Posterior: INA, Information not available : LatinAmer, Latin American: Mand :Max, Mandible :Maxilla: subSaharan, sub-

Saharan African: Western, predominantly Caucasian; Y :N, Yes:No.

Figure 10.27. This panoramic radiography displays mul-
tiple well-defined radiolucencies, many containing central
opacities. All lesions are confined to the alveolus. This
a florid osseous dysplasia and is most frequently found
in middle- to old-aged females of sub-Saharan African
or East Asian origin. Reprinted with permission from
MacDonald-Jankowski DS. Fibro-osseous lesions of the
face and jaws. Clinical Radiology 2004;59:11-25.

older than the series of cases that presented with
symptoms.”® More than one sextant needs to be
affected to fulfill a diagnosis of FOD. The presenta-
tion on a panoramic radiograph or on a full-mouth
survey (using intraoral film or digital detectors) is
usually bilateral. The mandible is affected in 100 %
of cases and the maxilla in 67%.%

The radiological presentation of lesions of
either form of OD ranges from a radiolucency, to
one with one or more small central radiopacities

Figure 10.28. This panoramic radiography displays mul-
tiple well-defined radiopacities affecting most sextants.
They are largely confined to the alveolus. This is florid
osseous dysplasia and is most frequently found in middle-
to old-aged females of sub-Saharan African or East Asian
origin.

(Figures 10.27 and 11.39), on to a substantial radi-
opacity with a radiolucent periphery, to complete
radiopacity that abuts directly onto adjacent normal
bone (Figures 1.9, 3.1, 10.28) According to Kawai
et al. they are not likely to change from one pattern
to another, although a patient can acquire more
lesions with time.”

Diagnosis is readily achieved by conventional
radiography; as detailed in the previous paragraph,
there is little need for computed tomography in
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Figure 10.29. These are axial bone windows sections of computed tomography. The radiolucencies contain central radi-
opacities. Although extensive mesiodistally, they cause very little buccolingual expansion. The cortex displays erosion in

places.

the uncomplicated case. Nevertheless, computed
tomography has revealed some more detail not
appreciated by conventional radiography (Figure
10.29), such as the central positioning of the osseous
dysplastic tissue within the lesion. Radiolucent FOD
lesions were more likely to display buccolingual
expansion than those that contained high-density
masses (osseous dysplastic tissue).”® These high-
density masses had CT numbers of 772 to 1587 HU,
which is equivalent to cementum or cortical bone.*”
HCT invaluably assisted in the investigation of a
recurrent OF, which was subsequently diagnosed as

Table 10.5. Focal Osseous Dysplasia: systematic review

Male :Female 12%:88%
Mean number per year per report 4.9

Mean age 44 years
Mand: Max 85%:15%
Mand:Ant:Post 20%:80%
Max :Ant:Post 26%:74%
Swelling: Y:N 25%:75%
Pain: Y:N 28%:72%
Incidental: Y:N 64% :36%
Numb: Y:N 17% :83%*

an OD.” This lesion eroded the buccal cortex, but
caused no expansion. HCT imaging displayed
another FOD lesion thatboth expanded and breached
the cortex.”® The HCT also permitted precise local-
ization of the mandibular canal to the lesions.”®

Focal osseous dysplasia

The global distribution of reports on focal osseous
dysplasia (FocOD) included in the systematic
review’ upon which much of the following is
derived is set out in Figure 1.47 and their details
in Table 10.5.

12%:88% 14%:86% 6%:94% INA
20 1.1 INA INA
39 years 47 years INA INA
91%:9% 85%:15% INA INA
27%:73%* 1%:99% INA INA
32%:68% 20%:80%* INA INA
24%:76% 30%:70% INA INA
24%:76% 44% :56% INA INA
74% :26% 14%:86% INA INA
INA 17%:83%" INA INA

*Advises that the percentages were derived from either one report or from a synthesis of no more that 50 cases. Ant:Post,
Anterior : Posterior; INA, Information not available; LatinAmer, Latin American; Mand :Max, Mandible : Maxilla; subSaharan, sub-Saharan

African; Western, predominantly Caucasian; Y :N, Yes:No.



Figure 10.30. This panoramic radiograph displays two
osseous dysplastic lesions only within one sextant. In the
absence of symptoms, they can be safely left to occasional
radiographic review as they are most likely to represent
focal osseous dysplasia. One is wholly confined to the
alveolus, whereas as the more distal lesion although clas-
sically sited at the apex of an erupted tooth is wholly within
the basal bone of the mandible. Although, this is an excep-
tion to the rule that osseous dysplasia affects the alveolus
only, the hypoplastic mandible at that site was insufficiently
deep vertically to allow accommodation of the distal
osseous dysplastic lesion within the alveolus. Figure cour-
tesy of Dr. lan Matthew, Faculty of Dentistry, University of
British Columbia.

The mean number of cases of FocOD per year
globally was 4.9.°* As already observed for FOD,
this was highest for the Western global group and
least for the sub-Saharan African global group. The
explanation is the same as that for FOD. The
FocODs younger age of first presentation in com-
parison to that of the FOD is not reflected in better
reporting in the sub-Saharan African and Latin
American global groups. The reason simply may
be that it has only recently become recognized as
a separate clinical entity.

FocOD is confined to a single sextant (Figure
10.30).” It may present as a single lesion or as a
group of juxtapositioned lesions.” If it affects more
that one sextant, certainly if it is bilateral or affects
both jaws, it should be considered to be a case of
FOD.

Prior to its recognition as a discrete entity its
frequent solitary clinical presentation led to its
inclusion among OFs. This was the experience
both of Summerlin and Tomich® and of Su
et al.’®® Unfortunately, neither disclosed how
many had been misdiagnosed. The first clear dif-
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ferentiation of the OD as a separate broad entity
was established by both the WHO’s second edition®
and the Waldron et al. report.'® Unlike OFs, OD
(including both FODs and FocODs) would not
“shell-out,” and therefore the specimen was deliv-
ered for its histopathological examination in frag-
ments. These centrally important criteria were
reiterated by Melrose.'® Therefore, the definitive
feature that distinguishes between OF and OD is
the presentation of the gross surgical specimen,
which is histopathologically a FOL.

Periapical cemental dysplasia, first appeared
as an independant entity in the WHO’s first
edition,” became indistinguishable from FOD in
the 2™ edition only to return to its 1*' edition defini-
tion that confined it to the anterior sextant of the
mandible in the WHO’s 2005 edition.”* This lesion
appears initially as periapical radiolucencies asso-
ciated with noncaries lower incisors (Figure 9.12).
With the exception of its histopathological out-
dated name and its anterior location there appears
to be nothing to else to distinguish it from FocOD.
It is not an infrequent experience for the dental
specialist to observe root-treated lower incisors
(Figure 1.25), whose apices are now associated
with mature OD lesions. Avoidance of unnecessary
treatment can be achieved by pulp-vitality testing
of all periapical lesions, especially radiolucencies.

Although it is generally accepted that symp-
tomless FocODs need no treatment, their clinical
importance has been emphasized by their presence
in edentulous sites required for osseointegrated
implants.’* As an essential prelude to its manage-
ment in this regard, a better understanding of the
frequency and presentation of the FocOD in the
global literature is required.

FocOD overwhelmingly affects females
(88%)°* (Table 10.5). The mean age is 44 years of
age. Sixty-four percent present as incidental find-
ings. Another quarter present with swelling, 28%
with pain and 17% with numbness. The last was
reported only in East Asians. Eighty-five percent
affect the mandible. The posterior sextants of the
mandible and the maxilla are affected in 80% and
74 %, respectively.®

Just over half (53%) of cases were well
defined. Of these, 40% display a sclerotic periph-
ery; the other 60% of cases are nonsclerotic. Forty-
nine percent of the cases appear in dentate areas
of the jaws (teeth were still present) and the other
51 % in edentulous areas (teeth had been extracted).
In the dentate areas, no tooth displacement or root
resorption are observed.’
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The predominant radiological patterns are
radiolucency (31%), a central radiopacity within a
radiolucency (separated from the adjacent bone by
a radiolucent space) (37%), and a complete radi-
opacity (32%). East Asian reports display signifi-
cantly more complete radiopacities and fewer
radiolucencies than those of Western communi-
ties.” This may reflect the older mean age of the
East Asian global group at first presentation (47
years) in comparison to that of the Western global
group (39 years).”

Familial gigantiform cementoma
The familial gigantiform cementoma have similar
radiological and histopathological presentations,
but they differ in their clinical presentations and
behavior from the already-discussed “conven-
tional” ODs. Although they clearly fulfill the histo-
pathological criteria for FOLs, they are not ODs.
Young et al., reported this phenomenon in 55
members over five generations of the same kindred.
They coined the term familial gigantiform cemen-
toma (FGC) to differentiate them from the FODs.*
The application of this term for this lesion, which
was so different in presentation and prognosis from
FOD, was affirmed by Waldron.!® There is little
doubt that these lesions are neoplastic, and
although no oncogenes have been reported, their
mode of inheritance is autosomal dominant.'®* In
addition to a family history they largely affect
Caucasian kindreds'™'® and the young of both
genders equally. In one recent report the youngest
of 6 affected members of 1 kindred were a 13-year-
old girl and a 17-year-old boy.® Of the 5 individu-
als for whom blood work was available, it was the
boy who had a raised serum alkaline phosphatase.
There have been cases that present as FGC, but
have no family history. Such cases can be provi-
sionally termed spontaneous gigantiform cemen-
toma. So far, it has reportedly affected at least 2
males of East Asian origin,'””!® and perhaps 2
American females.'” All displayed very aggressive
behavior and achieved substantial dimensions.
The question of whether these lesions constitute a
separate clinical entity or are a manifestation of the
rarely occurring multiple OFs or even hyperpara-
thyroidism-jaw tumor syndrome,* warrants further
and fuller reported cases. Already such cases have
been linked to hereditary lesions such as Gardner’s
syndrome?®? and neurofibromatosis type 1."°
When patients present with extensive bilat-
eral, almost symmetrical, involvement by multiple

radiopacities of both the alveolar and basal pro-
cesses of both jaws, Gardner’s syndrome should
also be considered (see Figure 10.11). Lee et al.
reported such a case in a middle-aged woman.*

FGC was reported in 8 Caucasian females of
the 55 patients diagnosed with neurofibromatosis
type 1 (NF1), an autosomal dominant disease, with
some malignant transformation potential.™® All
these patients had been evaluated with a pan-
oramic radiograph. Missing and unerupted teeth,
overgrowth of the alveolus, and dilated mandibular
canals and mandibular foramina are well recog-
nized dental manifestation of NF1. These features
occurred in one-third of all adult females with NF1;
males and children who accounted for half of the
55 cases were not affected. The radiolucent-staged
lesions appeared as periapical radiolucencies sug-
gestive of inflammatory disease. The vast majority
of adjacent teeth in this report responded positively
to pulp-vitality testing. The reader should be
cautious because not one such case in Visnapuu
et al’s report has been confirmed by histopatho-
logical examination.?

Moshref et al. report 4 males of an Iranian
kindred who presented with FGC. Three individu-
als also had multiple long bone fractures.™

Treatment implications

Either form of OD is best kept under review.
Although surgery should be avoided unless the
lesions produce symptoms, this option may no
longer be tenable if the edentulous site is required
for an osseointegrated implant.”* In such a case in
absence of published evidence currently, it is
advised to surgically ablate the lesion by lateral
trepanation and curretage and then allow it to heal
first. This should minimize a real risk of failure of
the implant by insertion into abnormal tissue. Only
FGC or spodratic gigantiform cementoma require
routine surgical ablation because of their aggres-
sive behavior,1?7:108.109

OSTEOMA

The osteoma is a rare benign osteogenic neoplasm.
It features compact and/or cancellous bone. It can
arise from either the periosteal or endosteal bone
surfaces to be a peripheral or central osteoma,
respectively. Although multiple osteomas of the
jaws are a hallmark of Gardner’s syndrome (famil-
ial adenomatous polyposis) (see Figure 10.11),
nonsyndromic cases are typically solitary (Figure



Figure 10.31. This axial computed tomograph (bone
window) reveals a dense radiopacity on the lingual cortex
of the mandible. This is an osteoma. Figure courtesy of Dr.
Montgomery Martin, British Columbia Cancer Agency.

10.31). Kaplan et al. synthesized the literature and
found 91 solitary cases of which all but 6 were
peripheral.? They state that while peripheral oste-
omas pose little diagnostic challenges, the central
osteoma has to be distinguished from ossifying
fibroma, condensing osteitis, idiopathic osteoscle-
rosis, osteoblastoma, cementoblastoma, and
complex odontoma.™ Central osteomas are also
more likely to recur.”® The largest case series of
osteomas affecting the face and jaws was reported
in a Spanish community. The 132 osteomas arising
in 106 patients affected the mandible, the maxilla,
and the paranasal sinuses, 54%, 16% and 21%,
respectively. In contradiction of Kaplan et al’s
synthesis,'* peripheral osteomas Larrea-Oyarbide
et al’s accounted for 59% of those affecting the
jaws."®* Another report of 14 consecutive peripheral
osteomas affecting an Israeli community found
that 12 arose from the jaws.™

OSTEOBLASTOMA

The osteoblastoma is a slow-growing benign neo-
plasm of bone, accounting for 1% of all primary
bone neoplasms. Jones et al. compared 24 of their
own cases to that of their synthesis of 77 cases of
osteoblastomas and osteoid osteomas of the jaws
reported elsewhere in the literature.'®
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The osteoblastoma presented five times more
frequently in the mandible. Jones et al. found
overall that the osteoblastoma predominantly
affects the left posterior mandible."® Although 60 %
of their own 24 cases at the time of discovery were
symptom-free, the rest were associated with pain
and tenderness; this was contrary to the results of
their synthesis. Radiologically they are generally
well defined and equally distributed between
radiolucent, radiopaque, and mixed lesions.
Although the osteoblastoma and the histopatho-
logically similar osteoid osteoma are held to be
different lesions extragnathically, Jones et al. dis-
cussed the latter as an earlier manifestation of the
former in the jaws."*

The 9 cases followed up did not recur.'®

CEMENTOBLASTOMA (ICD-O 9273/0)

van der Waal defined the cementoblastoma as
“characterized by the formation of cementum-like
tissue in connection with the root of a tooth.”!¢
Furthermore, according to him: “Radiologically,
the tumour is well-defined and is mainly of a radi-
opaque or mixed-density, surrounded by a thin
radiolucent zone. Root resorption, loss of root
outline and obliteration of the periodontal ligament
space are common findings”"® (Figure 10.32).

The cementoblastoma is a relatively rare
lesion. The largest synthesis of 70 cases is derived
from single case reports or small case series.'’
Brannon reported 44 cases from the U.S. Army
pathology files"® and Dominguez et al. reported 25
Latin American cases.™

Although the cementoblastoma is a benign
odontogenic neoplasm, Figure 10.33 demonstrates
that the cementoblastoma can grow quickly. It pres-
ents in about one-half of cases in children and ado-
lescents as pain on biting. The largest case series
is that of Brannon et al."® The cementoblastoma
affects males and females equally and affects the
mandible thrice as frequently as the maxilla."’-1*°
The mandibular first molar is most frequently
affected.”’"'° The mean ages for 2 syntheses and 2
case series are 23,7 22,18 21,18 and 26", years,
respectively. Brannon et al. reported that the decid-
uous dentition is rarely affected.”® Swelling in both
syntheses was nearly 60%,"”"® whereas it was
86% in the military series.!'® Awareness of lesions
prior to presentation was 1 year."®

The mean size of the lesion at presentation is
2.1cm."®In a synthesis"” and the Spanish-language
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Figure 10.32. The panoramic radiograph (a) and true occlusal radiograph (b) are of a cementoblastoma. This presents on
the panoramic radiograph as a well-defined radiopacity separated from the adjacent bone by a radiolucent margin, which
is continuous with the periodontal ligament space of the affected tooth. The lesion was fused directly to the root, which it
has partially resorbed. The lesion is substantial in size and is close to the alveolar crest. The lesion has also expanded to
encompass a retained root, which displays resorption by the capsule. The mandibular canal is displaced inferiorly but
aroundthe inferior aspectof the lesion. Reprinted with permission from MacDonald-Jankowski DS, Wu PC. Cementoblastoma
in the Hong Kong Chinese: a report of 4 cases. Oral Surgery, Oral Medicine and Oral Pathology 1992;73:760-764.

report,'”? larger cementoblastomas were found
outside the posterior mandibular sextant. In the
former, 3 were located in the macxilla, almost affect-
ing the entire hemimaxilla."” In the Spanish-
language report, 2 extensively crossed the midline,
lineachjaw,occupyingthe entire anterior sextant.™
According to van der Waal, the diagnosis of
cementoblastoma cannot be made on the histopa-
thology alone. Although its histopathology can be
indistinguishable from osteoblastoma or osteoid
osteoma or well-defined osteogenic sarcoma, this
neoplasm is easy to distinguish by its radiological
presentation, which is almost pathognomonic.™®
Radiological imaging displays a well-defined
(94%) circumscribed radiopacity (67%) or mixed
density (radiopacity within a radiolucency)
(28%)."® The attached tooth root displays not only
root resorption but is also fused to the cemento-
blastoma. This is represented by loss of root outline
(see Figures 10.32, 10.33). Despite this radicular
disruption, Brannon et al. reported that the affected
tooth was vital in 19 out of 21 cases."® Complete
enucleation, including extraction of the affected
tooth is required to avoid recurrence. Brannon

et al’s synthesis of the literature revealed that 37
percent of cases followed up recurred within a
mean of 5.5 years."® Brannon et al. noted that the
cases that recurred displayed more expansion and
cortical perforation."®

Dominquez et al’s report additionally corre-
lated the radiology and histopathology. The 2
radiolucent cases (these appear to be the first such
lesions to be reported) were represented by cemen-
toid trabeculae and nodules; the 9 mixed cases
displayed remodeled trabeculae, which appeared
pagetoid. The 6 dense cases were represented by
radial trabeculae.

In almost every case, the apices of permanent
teeth are affected. Occasionally, the cementoblas-
tomas have affected deciduous teeth. In one case
the cementoblastoma primarily affected the coronal
half the root (Figure 10.34)." Growth can be rapid
(compare see Figure 10.33a,b). Furthermore, the
prior extraction of the tooth leaving the neoplasm
behind deprives the subsequent clinician of an
easy diagnosis. This happened in one case in a case
series.”” The definitive diagnosis was exception-
ally entirely furnished by the histopathologist, who
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Figure 10.33. The periapical image (a) displays the cementoblastoma as a small round radiopacity fused to the mesial
root-affected first molar mandibular tooth, which also displays root resorption. The panoramic image (b) is of the same
lesion a year later. Meanwhile the lesion has now grown both mesially and distally. This growth in the latter direction has
reached the distal root of the same tooth. Its periodontal ligament space on its mesial aspect appears wider. The panoramic
radiograph also displays a well-defined round radiopacity a the apex of a carious first premolar. This lesion has no radio-
lucent space. The reviewer may observe the hint of such a space, this is the Mach band effect. This “space” is traversed
by trabeculae. This radiopacity is termed condensing (or sclerosing) osteitis and represents a sclerotic reaction to infection.
The whole area of bone containing both lesions is more sclerotic than the rest. The mandibular canal, which is normally
rendered visible as a radiolucent line defined by its cortex, is now obvious because it is contrasted against the sclerotic
bone. This zone is diffuse osteosclerosis suggestive of sclerosing osteomyelitis and classically affects both the alveolar
and basal processes of the mandible. In this case it may have arisen from the periapical infection of the first premolar.

observed the retained root encased by the neo-
plasm. It displayed the typical root resorption and
fusion with the neoplasm.

ODONTOMA (ICD-O 9281/0 AND 9282/0)

The odontoma is perhaps the most common odon-
togenic neoplasm, certainly in reports arising from
North America and Europe. It is recognized as one
of two basic types; the complex and compound
types, each with its own ICD-O code, 9282/0' and
9281/0,'" respectively. Praetorius and Piatelli
defined the complex type as “a tumour like mal-
formation (harmatoma) in which enamel and
dentin, and sometimes cementum, is present'®’”,
and the compound type as “a tumour like malfor-
mation (harmatoma) with varying numbers of
tooth-like elements (odontoids).!*"”

The compound type, first presents frequently
in children as noneruption of permanent teeth. It
classically presents on a radiograph as a “bag of

teeth” (Figure 10.35) about the size of a normal
tooth in that site, whereas the complex type fre-
quently presents as a well-defined radiopacity (see
Figure 1.14 a,b), which can become very large (see
Figures 11.37 and 11.38). This radiopacity is fre-
quently demarcated from the adjacent normal bone
by a radiolucent space.

The details of the global distribution of reports
of complex and compound odontomas are set out
in Tables 10.6 and 10.7, respectively.

The mean number of cases of odontomas per
year globally was 1.7 and 2.5 for complex and
compound odontomas, respectively. The mean
number of cases odontomas per year is least for
the sub-Saharan African global group. This may
reflect a tendency not to refer these lesions for
histopathology rather than a true lower prevalence
in this global group.

The mean ages of first presentation of both
forms is similar; the complex odontoma first pres-
ents consistently a few years later in life. The
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Figure 10.34. This periapical radiograph displays a unique
cementoblastoma arising from closer to the furcation rather
than classically from the apex. The mandibular canal is
rendered obvious by increased density. Reprinted with per-
mission from MacDonald-Jankowski DS, Wu PC.
Cementoblastoma in the Hong Kong Chinese: a report of
4 cases. Oral Surgery, Oral Medicine and Oral Pathology
1992;73:760-764.

male: female ratio is almost equal in all respects.
The complex form has a greater predilection for
the mandible, whereas the compound form shows
a predilection for the maxilla. The complex form
also displays a clear predisposition (77 %) for the
posterior sextant of the mandible, whereas the
compound form exhibits some predilection for
the anterior sextant. Although both forms affect
the anterior sextant of the maxilla, that of the
compound form occurs there most frequently
(78%).

Although almost all reports pool the findings
of each type together, this is hard to understand
because both differ in their radiology, disposition
between jaws and sextants for each jaw, clinical
presentation, and propensity to recur. Therefore,
specific information for each with regard to pre-
senting clinical and radiological features is almost
wholly absent. Chen et al.'** synthesized 43 cases,
which clearly illustrated the differences in clinical
presentation. They found that just over a half of
their complex odontomas first presented as swell-
ings, but few with noneruption of teeth, whereas
just under half of the compound odontomas pre-
sented with noneruption of teeth and few with
swellings.

Figure 10.35. This periapical radiograph displays a com-
pound odontoma preventing the eruption of a permanent
incisor tooth. The presence of denticles on the radiograph
are pathonemonic for a compound odontoma. Reprinted
with permission from MacDonald-Jankowski DS. Florid
osseous dysplasia in the Hong Kong Chinese.
Dentomacxillofacial Radiology 1996;25:39—41.

Praetorius and Piatelli state that the complex
type can recur, whereas the compound type never
recurs following treatment.'”® This suggests that
the complex type has at least one neoplastic feature.
There is further circumstantial evidence that the
complex type is a neoplasm. In one report, mea-
surements of the complex forms from periapical
radiographs displayed an increase in size with
advancing age.'”® Furthermore, a synthesis of case
reports of large odontomas, in the same report,
found that 80% are of the complex type.'?

CALCIFYING EPITHELIAL
ODONTOGENIC TUMOR (ICD-O 9340/0)

Takata and Slootweg defined the calcifying epithe-
lial odontogenic tumor (CEOT) as “a locally inva-
sive epithelial odontogenic neoplasm, characterised
by the presence of amyloid material that may
become calcified.”!**



Table 10.6. Complex Odontoma: systematic review
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Male :Female 52%:48%

Mean number per year per report 1.7
Mean age 23 years
Mand :Max 53%:47%

Mand: Ant: Post
Max:Ant:Post

23%:77%
60%:40%

54%:46%
1.9

22 years
54%:46%
22%:78%
64% :36%

51%:49%
1.6

24 years
55%:45%
21%:79%
48%:53%

54%:46%"
0.5

INA
80%:20%*
25%:75%"
0%:100%*

42%:58%
1.4

21 years
45%:55%
29%:71%
71%:29%

*Advises that the percentages were derived from either one report or from a synthesis of no more that 50 cases. Ant:Post,
Anterior : Posterior; INA, Information not available; LatinAmer, Latin American; Mand : Max, Mandible : Maxilla; subSaharan, sub-Saharan

African; Western, predominantly Caucasian; Y:N, Yes:No.

Table 10.7. Compound Odontoma: systematic review

Male :Female 49%:51%

Mean number per year per report 2.5
Mean age 20 years
Mand : Max 42%:58%

Mand : Ant:Post
Max:Ant:Post

56%:44%
78%:22%

48% :52%
3.2

19 years
35%:65%
60%:40%
76%:24%

53%:47%
2.2

20 years
47% :53%
58%:42%
80%:20%

43%:57%"
0.3

INA
83%:17%"
0%:100%*
0%:100%*

52%:48%
1.7

INA
33%:67%
36%:64%
85%:15%

*Advises that the percentages were derived from either one report or from a synthesis of no more that 50 cases. Ant:Post,
Anterior : Posterior; INA, Information not available; LatinAmer, Latin American; Mand :Max, Mandible : Maxilla; subSaharan, sub-Saharan

African; Western, predominantly Caucasian; Y :N, Yes:No.

Philipsen and Reichart reported on 181 cases
synthesized from the literature in 2000. The rela-
tive period prevalence of the CEOT is 1%.'%* The
CEOT is equally distributed between the sexes.
Sixty-seven percent are found in the mandible. For
those cases that occur in either a posterior or an
anterior sextant, the posterior prevails: 84% and
76% in the mandible and maxilla, respectively.
The mean age for the Western global group is 39
(females) and 40 (males) years, whereas that for
the East Asian global group is 37 (females) and 37
(males) years.

Kaplan et al. synthesized the literature, with
particular emphasis on the CEOT’s manifestations
on conventional radiology.!*® They observed that
swelling or expansion was “the most prevalent
clinical manifestation” (72%). Twenty-two percent
are symptom-free. The lesions had a mean size of
3.5 (0.5 to 10) cm.'®

Seventy-eight percent are well defined, of
which 28 % are corticated.'*® All smaller lesions are
well defined, whereas two-thirds of larger lesions
are well defined but not corticated. Twenty-eight
percent of these larger lesions are poorly defined.
The most frequent radiographic presentation is a
mixed radiolucent-radiopaque pattern (65%). The
radiolucent pattern accounts for 32 %. Most of the
small lesions are radiolucent (86% ), whereas most
of the large are mixed (74%).'*° “The coronal clus-
tering (radiopacities close to the crown of the
impacted teeth)” is found only in 12% of cases,
whereas the “driven snow” pattern is observed
only in one case.'” Although 58% are unilocular
and 27% multilocular, those over 3cm are more
likely to be multilocular. Nevertheless, those asso-
ciations with the maxilla are mainly unilocular.
Sixty percent are associated with unerupted teeth,
of which 62% were molars.!*
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Philipsen and Reichart report that more than
half of these cases are associated with a mandibu-
lar molar. In order to distinguish those pericoronal
radiolucent CEOTs from dentigerous cysts they
suggest that whereas the latter is more frequently
associated with the third molar, the former is more
frequently associated with the first and second
molars.'?

Tooth displacement is observed frequently
(41%), whereas root resorption is infrequent
(4 %) .1 Kaplan suggested that this infrequency for
root resorption may distinguish it from the solid
ameloblastoma,'*® which was reported by Struthers
and Shear to exhibit root resorption in 81% of
cases.!”” Displacement of anatomical structures,
such as the mandibular canal, were also infre-
quent.'?® A feature that was considered a charac-
teristic of this lesion originally by Pindborg was
the penetration of the apex of the inferiorly dis-
placed molar through the inferior cortex. Although
Kaplan et al. observed mention of this feature in
only 7% of cases in their synthesis, they did suggest
that its presence should prompt consideration of a
CEOQT.1*¢

Philipsen and Reichart advise that due to the
relative indolent behavior of mandibular cases,
these cases can be effectively treated by enucle-
ation.'?® Maxillary cases on the other hand tend to
grow more rapidly and do not remain well con-
fined. These should be treated more radically.
Although recurrences are rare, a 5-year follow-up
period must be considered the absolute minimum.
The overall recurrence rate is 14%, but that of the
relatively identified clear cell variant is higher. It
has a 22% recurrence rate.'?®

Anavi et al. synthesized the literature on the
clear cell variant of CEOT.!*® Nineteen are identi-
fied, of which 12 are central; the other 7 are periph-
eral. The central cases are evenly distributed
between males and females; their mean age at first
presentation is 34 years. Three-quarters of the
central cases are located in the mandible. Most
affect the posterior sextant. All but one are well
defined; two-thirds are corticated. Half are radio-
lucent and half mixed. All but 1 are unilocular. All
affect the alveolus, one-quarter occur in edentu-
lous areas. 2 more are associated with root resorp-
tion, 2 are associated with tooth displacement
without root resorption and 2 are associated with
the crowns of unerupted teeth. Two-thirds of cases
perforate the cortex.

ADENOMATOID ODONTOGENIC TUMOR
(@ICD-O 9300/0)

Philipsen and Nikai defined the adenomatoid odon-
togenic tumor (AOT)as “composed of odontogenic
epithelium in a variety of histoarchitectural pat-
terns, embedded in a mature connective tissue
stroma and characterized by slow but progressive
growth.”'?

Philipsen et al. reported a synthesis of 1082
cases.”®® Their relative period prevalence varies
widely 0.6% to 38.5%. Gender predilection varies
markedly with the radiological variant. Those asso-
ciated with unerupted teeth (67% were canines)
are the follicular (or pericoronal) variant. This
variant accounts for 71% of all AOTs and is equally
distributed between males and females, whereas
the extrafollicular (or extracoronal) variant (27 %
of the total) has a 67% predilection for females.
The rare peripheral (extraosseous or gingival)
variant(2 %) shows a 86 % predilection for females.

The mean age of the follicular AOT (17 years
old) is significantly younger than the extrafollicular
AOT (26 years old) at first presentation.” This
early mean age may account for the infrequent
appearance of follicular AOTs associated with third
molars, which have largely not developed by then.
Those few follicular cases presenting with third
molars have an older mean age (20.3 years)."*

Just over half present as painless swell-
ings.”*"32 The mean size is 2.9 (1 to 7) cm."* The
period of awareness prior to presentation varied
from 0.2 to 2 years'**in Leon et al’s Latin-American
report and from 0.02 to 4 years"™ in Swasdison
et al’s Thai report.

All of the cases of Swasdison et al.”®' and
Leon et al.’** presented as well-defined unilocular
radiolucencies. All of Swasdison et al’s cases were
associated with at least one tooth, whereas 80%
of Leon et al’s associated with an unerupted ante-
rior tooth. Both studies reported well-defined
margins, which Leon et al. described as “sclerotic.”
Seventy-seven percent of Leon et al.’s cases identi-
fied for variant are follicular (the majority in the
anterior maxilla) and 10% are extrafollicular. One-
third presented with flecks of calcification.* These
are best appreciated on intraoral radiographs rather
than on panoramic radiographs.'® The identifica-
tion of these flecks of calcification facilitates dif-
ferentiation from those lesions, which typically
present as radiolucencies.'*



Leon et al. also remarked that most of their
cases associated with an unerupted tooth mim-
icked the dentigerous cyst.’** Swasdison et al.
reported that the initial clinical diagnosis of 26 %
was as dentigerous cysts, 16% as calcifying cystic
odontogenic tumors, 4% as ameloblastomas, but
only 16 % as AOTs."” This range of clinical diagno-
ses reflects the AOT’s variable radiology.

None of Swasdison et al.’s cases recurred after
enucleation.'!

CALCIFYING CYSTIC ODONTOGENIC
TUMOR (ICD-O 9301/0)

Praetorius and Ledesma-Montes defined the calci-
fving cystic odontogenic tumor (CCOT) as “benign
cystic neoplasm of odontogenic origin, character-
ised by an ameloblastomalike epithelium with
ghost cells that may calcify.”!*

This lesion was further refined by the recent
international collaborative study,”*® into 4 types.
Type 1 (simple cyst CCOT) was the most frequent
(70%), followed by Type 2 (odontoma-associated
CCOT) (24%), Type 3 (ameloblastomatous prolifer-
ating CCOT), and Type 4 (CCOT associated with any
odontogenic tumor, other than an odontoma).'*®

Type 1 has a slight predilection for males
(56 %) and the mandible (55%), whereas Type 2
has a clear predilection for the mandible (73%).
Both types display a predilection for the anterior
sextants of both jaws. The mean ages for Type 1 and
Type 2 are 30.1 (7-76) years and 16.3 (7-34) years,
respectively. The awareness of each type prior to
presentation is 4.3 (0.5-25) years and 1.6 (0.5-5)
years, respectively. Type 1 CCOTs are larger at first
presentation than Type 2. Unerupted teeth are asso-
ciation with both types, 50% and 41 %, respectively.
Both types present with swelling in 92% of cases.
Type 1 most frequently appears radiologically as
well-defined (92%) unilocular (61%) radiolucen-
cies (78%), whereas Type 2 appears as well-defined
(100%) unilocular (92 %) radiolucencies containing
opacities (77%). The differential diagnosis includes
dentigerous cyst, ameloblastoma, and then CCOT
for Type 1, whereas Type 2 is identified as an odon-
toma in nearly two-thirds of cases. Six cases
recurred, of which at least 2 were Type 1.1%°

Because Ledesma-Montes et al’s study did
not include any East Asian case series, lida et al’s
case series of 11 Japanese cases'* and Li and Yu’s
case series of 21 Chinese cases™ may provide a
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more complete global coverage of the CCOT. lida
et al.’s case series'*® (predilection for males [7] and
the mandible [7]; mean age 26.0 [14-82 years])
included 7 of Type 1, 3 of Type 2, and 1 of Type 3.
All were unilocular except the Type 3. All were
radiolucencies except for 5 Type 1 CCOTs, which
contained localized masses or disseminated flecks.
Root resorption occurred in 4 out of 5 cases that
considered this feature; 3 were Type 1 and 1 was
Type 2. Teeth are displaced in all 5 cases (4 Type
1 and 1 Type 2). Seven cases are associated with
impacted teeth; 5 are enveloped by the CCOT (3
Type 1, 1 Type 2, and 1 Type 3) and the remaining
2 are adjacent to Type 2 CCOTs. Li and Yu’s 16
“cystic” cases®” (11 Type 1 and 5 Type 2) are well-
defined unilocular radiolucencies; some have tiny
flecks scattered throughout. The mean age is 31
(12-72) years. There are predilections for males (9)
and the maxilla (11). Two are discovered inciden-
tally and 14 by hard swellings. Five have root
resorption. None recur after follow-up.

AMELOBLASTIC FIBRO-ODONTOMA
(ICD-O 9290/0)

Takeda and Tomich defined the ameloblastic fibro-
odontoma (AFO) as “a tumour, which has the his-
tologic features of ameloblastic fibroma (AF) in
conjunction with the presence of dentin and
enamel.”*® AFO is less common than AF and pres-
ents between 8 and 12 years of age. Because AFOs
are more frequently symptom-free, they are found
incidentally during an investigation for nonerup-
tion. They present as well-defined radiolucencies
with varying degrees of opacification. They may be
either unilocular or multilocular. They are often
associated with unerupted teeth. They rarely recur
after surgery.'*® Figure 11.40 displays a large case
of AFO affecting the maxillary antrum.

SCLEROSING OR CONDENSING
OSTEITIS AND DENSE BONE ISLANDS
OR IDIOPATHIC OSTEOSCLEROSIS

Sclerosing osteitis (SO: also known as “condensing
osteitis” [see Figure 10.33b] and “inflammatory
sclerosis”) and dense bone islands (DBI; also com-
monly known as “idiopathic osteosclerosis”; see
Figure 1.10) are radiopacities within the bone, rep-
resenting thickening of the trabeculae.’®® DBI, as
its synonym the idiopathic osteosclerosis suggests,
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has no known cause. Therefore, while SO is likely
to be accompanied by symptoms associated with
a necrotic pulp or its sequelae, the DBI would be
completely symptom-free and observed as an inci-
dental finding in the examination for another clini-
cal reason.

Although well defined, they do not have a
radiolucent margin. Nevertheless, this may not be
so easy to determine because the Mach band effect
may create the illusion of one and compel consid-
eration of ossifying fibroma and focal osseous dys-
plasia in the differential diagnosis. To offset this
phenomenon, trabeculae are seen crossing the
Mach band effect-created radiolucent space.

Both SO and DBI should be distinguished
from retained deciduous molar roots and from
torus mandibularis. Although the former infre-
quently have a visible periodontal ligament space,
they are typically root-shaped and are found mesial
and or distal to the second mandibular premolar.
The image of the torus mandibularis on panoramic
radiographs is usually displaced more coronally
than it appears on clinical examination due to the
upward angulation of the central ray.

The global distribution of reports included in
the systematic review'* upon which much of the
following is derived is set out in Figure 1.48 and
their details in Table 10.8.

The DBI is a frequently encountered clinical
phenomenon, particularly on panoramic radio-
graphs. It was observed more frequently in an East
Asian community (Hong Kong) in comparison to
two Western communities within the United
Kingdom.'® They display a slight predilection for
females (58%). Their mean age at first presenta-
tion is 31 years of age (Table 10.8.). They predomi-
nantly affect the mandible (94%); this percentage
is lower among sub-Saharan Africans.'®

It is important to distinguish between SO and
DBI because they represent different disease pro-
cesses. For most cases this is not difficult. In
a dentate sextant, if the lesion is not in direct
association with a tooth, DBI is most likely. If
associated with a tooth and the tooth is carious
and/or heavily restored, SO is most likely, whereas
noncarious and/or unrestored is virtually patho-
gnominic of the DBI. It is assumed that pulp-vitality
testing has been already performed. A nonvital
tooth is indicative of a possible SO, whereas a
vital tooth is more certainly a DBI. Difficulty occurs
when these lesions arise in the edentulous alveo-
lus. In such a situation, distinguishing between
them requires review not just of the radiograph
at the time of extraction, but also those prior
to that. Generally, it is expected that the SO would
regress once the inflammatory cause has been
removed by either tooth extraction or by endodon-
tic treatment.

Although DBI has been shown to be labile,'!
environmental factors may influence its prevalence
and size. The higher prevalence of DBIs in the
Japanese as in the Hong Kong Chinese may be
linked to higher fluoridation of the water supply at
the relevant time in the patients’ lives. Both com-
munities have already a high dietary fluoride
intake.!* The Hong Kong Chinese displayed not
only a significant reduction in prevalence between
two separate but similar consecutive series of
nearly 1000 patients 10 years apart, but they also
displayed a significant reduction in size. After the
reduction of concentration of fluoride in the water
supply, only those in the fifth decade and above
displayed very little if no reduction in size. The
most likely reason for this phenomenon is that the
individuals were already past the age of their peak
bone mass (about 30 years of age).'®

Table 10.8. Dense Bone Island or Idiopathic Osteosclerosis: systematic review

42% :58%
31 years
94% : %
14%:86%
0%:100%"

48%:52%
29 year
92% : %
14%:86%
0%:100%"

Male :Female
Mean age
Mand: Max
Mand:Ant:Post
Max :Ant:Post

40%:60% 36%:62% INA
32 years INA INA
98%:2% 74%:26%* INA
10%:90% 59%:41%* INA
0%:100%* 33%:67%" INA

*Advises that the percentages were derived from either one report or from a synthesis of no more that 50 cases. Ant:Post,
Anterior: Posterior; INA, Information not available; LatinAmer, Latin American; Mand :Max, Mandible :Maxilla; subSaharan, sub-Saharan

African; Western, predominantly Caucasian; Y:N, Yes:No.



The mean age of first presentation is 31 years
old. They peak in the third decade (38%). Fifty-
eight percent are female overall. Ninety-five percent
affect the mandible. The mandible and maxilla
affect the posterior sextants in 94% and 100%,
respectively. DBI are generally not associated with
either root resorption or tooth displacement.'*

Furthermore, in following up the findings in
the Hong Kong Chinese,'*® an increased number of
DBI would be expected in those patients who grew
up in regions of the world where natural water
fluoridation concentration is very high; such
regions are found in India, Thailand, China, and
Ethiopia.

References

1. MacDonald-Jankowski DS. Calcification of the stylo-
hyoid complex in Londoners and Hong Kong Chinese.
Dentomaxillofac Radiol 2001;30:35-39.

2. Okabe S, Morimoto Y, Ansai T, Yamada K, Tanaka T,
Awano S, Kito S, Takata Y, Takehara T, Ohba T. Clinical
significance and variation of the advanced calcified
stylohyoid complex detected by panoramic radio-
graphs among 80-year-old subjects. Dentomaxillofac
Radiol 2006;35:191-199.

3. Rizzatti-Barbosa CM, Ribeiro MC, Silva-Concilio LR,
Di Hipolito O, Ambrosano GM. Is an elongated stylo-
hyoid process prevalent in the elderly? A radiographic
study in a Brazilian population. Gerodontology 2005;
22:112-115.

4. Sperber GH. Craniofacial Development. BC Decker
Inc., Hamilton, Canada 2001: pp 55-59.

5. MacDonald-Jankowski DS. The synchondrosis between
the greater horn and the body of the hyoid bone: a
radiological assessment. Dentomaxillofac Radiol 1990;
19:171-172.

6. Herndndez JL, Velasco J. Neurological picture.
Elongated styloid process (Eagle’s syndrome) as a
cause of atypical craniocervical pain. J Neurol
Neurosurg Psychiatry 2008;79:43.

7. Ahmad M, Madden R, Perez L. Triticeous cartilage:
prevalence on panoramic radiographs and diagnostic
criteria. Oral Surg Oral Med Oral Pathol Oral Radiol
Endod 2005;99:225-230.

8. Friedlander AH, Lande A. Panoramic radiographic
identification of carotid arterial plaques. Oral Surg
Oral Med Oral Pathol 1981;52:102-104.

9. Tanaka T, Morimoto Y, Ansai T, Okabe S, Yamada K,
Taguchi A, Awano S, Kito S, Takata Y, Takehara T,
Ohba T. Can the presence of carotid artery calcification
on panoramic radiographs predict the risk of vascular
diseases among 80-year-olds? Oral Surg Oral Med Oral
Pathol Oral Radiol Endod 2006;101:777-783.

10.

11.

12.

13.

14.

16.

18.

19.

20.

21.

22.

23.

189

Chapter 10: Radiopacities

Mupparapu M, Kim IH. Calcified carotid artery ath-
eroma and stroke: a systematic review. J Am Dent
Assoc 2007(Apr);138(4):483-492. Friedlander’s com-
ment and Mupparappu’s response; J Am Dent Assoc
2007;138:491-492.

Madden RP, Hodges JS, Salmen CW, Rindal DB, Tunio
J, Michalowicz BS, Ahmad M. Utility of panoramic
radiographs in detecting cervical calcified carotid ath-
eroma. Oral Surg Oral Med Oral Pathol Oral Radiol
Endod 2007;103:543-548. Comment in J Evid Based
Dent Pract 2007;7:172-173. Oral Surg Oral Med Oral
Pathol Oral Radiol Endod 2007;104:451-452; author
reply 452-454.

Damaskos S, Griniatsos J, Tsekouras N, Georgopoulos
S, Klonaris C, Bastounis E, Tsiklakis K. Reliability of
panoramic radiograph for carotid atheroma detection:
a study in patients who fulfill the criteria for carotid
endarterectomy. Oral Surg Oral Med Oral Pathol Oral
Radiol Endod 2008;106:736-742.

Friedlander AH, Cohen SN. Panoramic radiographic
atheromas portend adverse vascular events. Oral Surg
Oral Med Oral Pathol Oral Radiol Endod 2007;103:
830-835.

Farman AG. Utility of panoramic radiographs in
detecting cervical calcified carotid atheroma by
Richard P. Madden et al. Oral Surg Oral Med Oral
Pathol Oral Radiol Endod 2007;103:549.

. Rio AC, Franchi-Teixeira AR, Nicola EM. Relationship

between the presence of tonsilloliths and halitosis in
patients with chronic caseous tonsillitis. Br Dent J
2008;204:E4.

Cantarella G, Pagani D, Biondetti P. An unusual cause
of mechanical dysphagia: an agglomerate of calculi in
a tonsillar residue. Dysphagia 2006;21:133-136.

. Suarez-Cunqueiro MM, Dueker J, Seoane-Leston J,

Schmelzeisen R. Tonsilloliths associated with sialoli-
thiasis in the submandibular gland. J Oral Maxillofac
Surg 2008;66:370-373.

el-Sherif I, Shembesh FM. A tonsillolith seen on MRIL
Comput Med Imaging Graph 1997;21:205-208.

Chiu HL, Lin SH, Chen CH, Wang WC, Chen JY, Chen
YK, Lin LM. Analysis of photostimulable phosphor
plate image artifacts in an oral and maxillofacial radi-
ology department. Oral Surg Oral Med Oral Pathol
Oral Radiol Endod 2008;106:749-756.

Cooper C, Harvey NC, Dennison EM, van Staa TP.
Update on the epidemiology of Paget’s disease of
bone. J Bone Miner Res 2006;21:P3-8.

Ralston SH. Juvenile Paget’s disease, familial expans-
ile osteolysis and other genetic osteolytic disorders.
Best Pract Res Clin Rheumatol 2008;22:101-111.
Ankrom MA, Shapiro JR. Paget’s disease of bone
(osteitis deformans). J Am Geriatr Soc 1998;46:
1025-1033.

Hashimoto J, Ohno I, Nakatsuka K, Yoshimura N,
Takata S, Zamma M, Yabe H, Abe S, Terada M, Yoh
K, Fukunaga M, Cooper C, Morii H, Yoshikawa H;



190

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Part 3. Radiological pathology of the jaws

Japanese Committee on Clinical Guidelines of Diag-
nosis and Treatment of Paget’s Disease of Bone of the
Japan Osteoporosis Society. Prevalence and clinical
features of Paget’s disease of bone in Japan. J Bone
Miner Metab 2006;24:186-190.

Wang WC, Cheng YS, Chen CH, Lin YJ, Chen YK, Lin
LM. Paget’s disease of bone in a Chinese patient: a
case report and review of the literature. Oral Surg Oral
Med Oral Pathol Oral Radiol Endod 2005;99:727-733.
MacDonald-Jankowski DS. Gigantiform cementoma
occurring in two populations, London and Hong
Kong. Clin Radiol 1992;45:316-318.

Takata S, Hashimoto J, Nakatsuka K, Yoshimura N,
Yoh K, Ohno I, Yabe H, Abe S, Fukunaga M, Terada
M, Zamma M, Ralston SH, Morii H, Yoshikawa H.
Guidelines for diagnosis and management of Paget’s
disease of bone in Japan. J Bone Miner Metab 2006;
24:359-367.

Cheng YS, Wright JM, Walstad WR, Finn MD.
Osteosarcoma arising in Paget’s disease of the man-
dible. Oral Oncol 2002;38:785-792.

Ramaglia L, Morgese F, Filippella M, Colao A. Oral
and maxillofacial manifestations of Gardner’s syn-
drome associated with growth hormone deficiency:
case report and literature review. Oral Surg Oral Med
Oral Pathol Oral Radiol Endod 2007;103:e30-34.
Jaiswal AS, Balusu R, Narayan S. Involvement of
adenomatous polyposis coli in colorectal tumorigen-
esis. Front Biosci 2005;10:1118-1134.

Wijn MA, Keller JJ, Giardiello FM, Brand HS. Oral and
maxillofacial manifestations of familial adenomatous
polyposis. Oral Dis 2007;13:360-365.

Takeuchi T, Takenoshita Y, Kubo K, Iida M. Natural
course of jaw lesions in patients with familial adeno-
matosis coli (Gardner’s syndrome). Int J Oral Maxil-
lofac Surg 1993;22:226-230.

Lee BD, Lee W, Oh SH, Min SK, Kim EC. A case report
of Gardner syndrome with hereditary widespread
osteomatous jaw lesions. Oral Surg Oral Med Oral
Pathol Oral Radiol Endod 2009;107:e68-72.

Fonseca LC, Kodama NK, Nunes FC, Maciel PH,
Fonseca FA, Roitberg M, de Oliveira JX, Cavalcanti
MG. Radiographic assessment of Gardner’s syndrome.
Dentomaxillofac Radiol 2007;36:121-124.

Madani M, Madani F. Gardner’s syndrome present-
ing with dental complaints. Arch Iran Med 2007;10:
535-539.

Wenig BM, Mafee MF, Ghosh L. Fibro-osseous,
osseous, and cartilaginous lesions of the orbit and
paraorbital region. Correlative clinicopathologic and
radiographic features, including the diagnostic role of
CT and MR imaging. Radiol Clin North Am 1998;36:
1241-1259,

Damron TA, Ward WG, Stewart A. Osteosarcoma,
chondrosarcoma, and Ewing’s sarcoma: National
Cancer Data Base Report. Clin Orthop Relat Res 2007,
459:40-47.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

Guo W, Xu W, Huvos AG, Healey JH, Feng C.
Comparative frequency of bone sarcomas among dif-
ferent racial groups. Chin Med J (Engl) 1999;112:
1101-1104.

van Es RJ, Keus RB, van der Waal I, Koole R, Vermey
A. Osteosarcoma of the jaw bones. Long-term follow
up of 48 cases. Int J Oral Maxillofac Surg 1997;26:
191-197.

Mardinger O, Givol N, Talmi YP, Taicher S.
Osteosarcoma of the jaw. The Chaim Sheba Medical
Center experience. Oral Surg Oral Med Oral Pathol
Oral Radiol Endod 2001;91:445-451.

Givol N, Buchner A, Taicher S, Kaffe I. Radiological
features of osteogenic sarcoma of the jaws. A com-
parative study of different radiographic modalities.
Dentomaxillofac Radiol 1998;27:313-320.

Bennett JH, Thomas G, Evans AW, Speight PM. Osteo-
sarcoma of the jaws: a 30-year retrospective review.
Oral Surg Oral Med Oral Pathol Oral Radiol Endod
2000;90:323-332.

Fernandes R, Nikitakis NG, Pazoki A, Ord RA.
Osteogenic sarcoma of the jaw: a 10-year experience.
J Oral Maxillofac Surg 2007;65:1286-1291.
Yamaguchi S, Nagasawa H, Suzuki T, Fujii E, Iwaki
H, Takagi M, Amagasa T. Sarcomas of the oral and
maxillofacial region: a review of 32 cases in 25 years.
Clin Oral Investig 2004;8:52-55.

Ogunlewe MO, Ajayi OF, Adeyemo WL, Ladeinde AL,
James O. Osteogenic sarcoma of the jaw bones: a
single institution experience over a 2l-year period.
Oral Surg Oral Med Oral Pathol Oral Radiol Endod
2006;101:76-81.

Kahn MF, Hayem F, Hayem G, Grossin M. Is diffuse
sclerosing osteomyelitis of the mandible part of the
synovitis, acne, pustulosis, hyperostosis, osteitis
(SAPHO) syndrome? Analysis of seven cases. Oral
Surg Oral Med Oral Pathol 1994;78:594-598.
Petrikowski CG, Pharoah MJ, Lee L, Grace MG.
Radiographic differentiation of osteogenic sarcoma,
osteomyelitis, and fibrous dysplasia of the jaws. Oral
Surg Oral Med Oral Pathol Oral Radiol Endod 1995;80:
744-750.

Suei Y, Tanimoto K, Taguchi A, Yamada T, Yoshiga K,
Ishikawa T, Wada T. Possible identity of diffuse scle-
rosing osteomyelitis and chronic recurrent multifocal
osteomyelitis. One entity or two. Oral Surg Oral Med
Oral Pathol Oral Radiol Endod 1995;80:401-408.
Lam DK, Sandor GK, Holmes HI, Evans AW, Clokie
CM. A review of bisphosphonate-associated osteone-
crosis of the jaws and its management. J Can Dent
Assoc 2007;73:417-422.

Dore F, Filippi L, Biasotto M, Chiandussi S, Cavalli F,
Di Lenarda R Bone scintigraphy and SPECT/CT
of bisphosphonate-induced osteonecrosis of the jaw.
J Nucl Med 2009;50:30-35.

Bianchi SD, Scoletta M, Cassione FB, Migliaretti G,
Mozzati M. Computerized tomographic findings in



51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

bisphosphonate-associated osteonecrosis of the jaw in
patients with cancer. Oral Surg Oral Med Oral Pathol
Oral Radiol Endod 2007;104:249-258.

Bedogni A, Blandamura S, Lokmic Z, Palumbo C,
Ragazzo M, Ferrari F, Tregnaghi A, Pietrogrande F,
Procopio O, Saia G, Ferretti M, Bedogni G, Chiarini L,
Ferronato G, Ninfo V, Lo Russo L, Lo Muzio L, Nocini
PF. Bisphosphonate-associated jawbone osteonecro-
sis: a correlation between imaging techniques and
histopathology. Oral Surg Oral Med Oral Pathol Oral
Radiol Endod 2008;105:358-364.

Chiandussi S, Biasotto M, Dore F, Cavalli F, Cova MA,
Di Lenarda R. Clinical and diagnostic imaging of
bisphosphonate-associated osteonecrosis of the jaws.
Dentomaxillofac Radiol 2006;35:236-243.

Waldron CA. Fibro-osseous lesions of the jaws. J Oral
Maxillofac Surg 1993;51:828-835.

Eisenberg E, Eisenbud L. Benign fibro-osseous dis-
eases: current concepts in historical perspective. Clin
Nor Am 1997;9:551-562.

Jundt G. Fibrous dysplasia. Barnes L, Eveson J,
Reichert P, Sidransky D, eds. WHO Classification of
Tumours, Oathology and Genetics of Tumours of the
Head and Neck. International Agency for Research on
Cancer (IARC), Lyon 2005: pp 321-322.
MacDonald-Jankowski D. Fibrous dysplasia: a sys-
tematic review. Dentomaxillofac Radiol 2009;38:196-
215.

Chapurlat RD, Orcel P. Fibrous dysplasia of bone
and McCune-Albright syndrome. Best Pract Res Clin
Rheumatol 2008;22:55-69.

Cohen MM Jr. The new bone biology: pathologic,
molecular, and clinical correlates. Am J Med Genet A
2006;140:2646-2706.

Fahmy JL, Kaminsky CK, Kaufman F, Nelson MD Jr,
Parisi MT. The radiological approach to precocious
puberty. Br J Radiol 2000;73:560-567.
MacDonald-Jankowski DS, Li TK. Fibrous dysplasia in
a Hong Kong community: the clinical and radiological
features and outcomes of treatment. Dentomaxillofac
Radiol 2009;38:63-72.

Slootweg PJ, Miiller H. Differential diagnosis of fibro-
osseous jaw lesions. A histological investigation on 30
cases. J Craniomaxillofac Surg 1990;18:210-214.
Schajowicz FM. Histological typing of bone tumours.
2nd ed. WHO International Histological Classification
of Tumours. Springer-Verlag, London 1993: pp 39-40.
Eversole LR. Craniofacial fibrous dysplasia and ossify-
ing fibroma. Oral Maxillofacial Clin Nor Am 1997;9:
625-642.

MacDonald-Jankowski DS, Yeung R, Li TK, Lee KM.
Computed tomography of fibrous dysplasia. Dentomax-
illofac Radiol 2004;33:114-118.

Ricalde P, Horswell BB. Craniofacial fibrous dysplasia
of the fronto-orbital region: a case series and literature
review. J Oral Maxillofac Surg 2001;59:157-67; discus-
sion 167-168.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

Chapter 10: Radiopacities 191

Daly BD, Chow CC, Cockram CS. Unusual manifesta-
tions of craniofacial fibrous dysplasia: clinical, endo-
crinological and computed tomographic features.
Postgrad Med J 1994;70:10-16.

Jacobsson S, Hallén O, Hollender L, Hansson CG,
Lindstr66m J. Fibro-osseous lesion of the mandible
mimicking chronic osteomyelitis. Oral Surg Oral Med
Oral Pathol 1975;40:433-444.

Voytek TM, Ro JY, Edeiken J, Ayala AG. Fibrous dys-
plasia and cemento-ossifying fibroma. A histologic
spectrum. Am J Surg Pathol 1995;19:775-781.

Yeow VK, Chen YR. Orthognathic surgery in cranio-
maxillofacial fibrous dysplasia. J Craniofac Surg 1999;
10:155-159.

Sissons HA, Malcolm AJ. Fibrous dysplasia of bone:
case report with autopsy study 80 years after the orig-
inal clinical recognition of the bone lesions. Skeletal
Radiol 1997;26:177-183.

Posnick JC. Fibrous dysplasia of the craniomaxillofa-
cial region: current clinical perspectives. Br J Oral
Maxillofac Surg 1998;36:264-273.

Posnick JC, Costello BJ. Discussion of Ricalde P,
Horswell BB. Craniofacial fibrous dysplasia of the
fronto-orbital region: a case series and literature
review. J Oral Maxillofac Surg 2001;59:157-67. J Oral
Maxillofac Surg 2001;59:167-168.

Cohen MM Jr. Merging the old skeletal biology with
the new. I. Intramembranous ossification, endochon-
dral ossification, ectopic bone, secondary cartilage,
and pathologic considerations. J Craniofac Genet Dev
Biol 2000;20:84-93.

Ruggieri P, Sim FH, Bond JR, Unni KK. Malignancies
in fibrous dysplasia. Cancer 1994;73:1411-1424.
Daramola JO, Ajagbe HA, Obisesan AA, Lagundoye
SB, Oluwasanmi JO. Fibrous dysplasia of the jaws in
Nigerians. Oral Surg Oral Med Oral Pathol 1976;42:
290-300.

Dorfman HD, Czerniak B. Fibroosseous lesions. Bone
Tumours. Mosby, St. Louis 1998: pp 441-469.

Lustig LR, Holliday MJ, McCarthy EF, Nager GT.
Fibrous dysplasia involving the skull base and tempo-
ral bone. Arch Otolaryngol Head Neck Surg 2001;127:
1239-1247.

Slootweg PJ, Mofty SK. Ossifying fibroma. Barnes L,
Eveson J, Reichert P, Sidransky D, eds. WHO Classi-
fication of Tumours, Pathology and Genetics of Tumours
of the Head and Neck. International Agency for
Research on Cancer (IARC), Lyon 2005: pp 319-320.
Kramer IRM, Pindborg JJ, Shear M. Histological typing
of odontogenic tumours, 2nd ed. Springer-Verlag,
London 1992: pp27-28.

Schajowicz FM. Histological typing of bone tumours.
WHO International Histological Classification of
Tumours, 2nd ed. Springer-Verlag, London 1998:
pp40.

Slootweg PJ, Panders AK, Koopmans R, Nikkels PG.
Juvenile ossifying fibroma. An analysis of 33 cases



192

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

Part 3. Radiological pathology of the jaws

with emphasis on histopathological aspects. J Oral
Pathol Med 1994;23:385-388.

Brannon RB, Fowler CB. Benign fibro-osseous lesions:
a review of current concepts. Adv Anat Pathol 2001;8:
126-143.

Meister HP, Lufft W, Schlegel D. Differential diagnosis
of fibro-osseous jaw lesions (fibrous dysplasia vs.
ossifying fibroma). Beitr Pathol 1973;148:221-229.
Chen JD, Morrison C, Zhang C, Kahnoski K, Carpten
JD, Teh BT. Hyperparathyroidism-jaw tumour syn-
drome. J Intern Med 2003;253:634-642.
MacDonald-Jankowski D. Ossifying fibroma: a system-
atic review. Dentomaxillofac Radiol
2009;38:495-513.

Sherman RS, Sternbergh WC. The roentgen appear-
ance of ossifying fibroma of bone. Radiology
1948;50:595-609.

MacDonald-Jankowski DS, Li TK. Ossifying fibroma
in a Hong Kong community: the clinical and radiologi-
calfeatures and outcomes oftreatment. Dentomaxillofac
Radiol 2009;38:514-523.

Jee WH, Choi KH, Choe BY, Park JM, Shinn KS.
Fibrous dysplasia: MR imaging characteristics with
radiopathologic conelation. AJRAm J Roentgenol
1996;167:1523-1527.

Khanna JN, Andrade NN. Giant ossifying fibroma.
Case report on a bimaxillary presentation. Int J Oral
Maxillofac Surg. 1992;21:233-235.

Pindborg JJ, Kramer IRH, Torloni H. Histological
typing of odontogenic tumours, jaw cysts and allied
lesions. WHO International Histological Classifications
of Tumours, No. 5. Geneva 1971: pp 31-34.

Slootweg PJ. Osseous dysplasia. Barnes L, Eveson J,
Reichert P, Sidransky D, eds. WHO Classification of
Tumours, Pathology and Genetics of Tumours of the
Head and Neck. International Agency for Research on
Cancer (IARC), Lyon 2005: pp 323.

Kramer IRM, Pindborg JJ, Shear M. Histological typing
of odontogenic tumours, 2nd ed. Springer-Verlag,
London 1992: pp 29-31.

Macdonald-Jankowski DS. Florid cemento-osseous
dysplasia: a systematic review. Dentomaxillofac Radiol
2003;32:141-149.

MacDonald-Jankowski DS. Focal cemento-osseous
dysplasia: a systematic review. Dentomaxillofac Radiol
2008;37:350-360.

Kawai T, Hiranuma H, Kishino M, Jikko A, Sakuda M.
Cemento-osseous dysplasia of the jaws in 54 Japanese
patients: a radiographic study. Oral Surg Oral Med
Oral Pathol Oral Radiol Endod 1999;87:107-114.

Ariji Y, Ariji E, Higuchi Y, Kubo S, Nakayama E, Kanda
S. Florid cemento-osseous dysplasia. Radiographic
study with special emphasis on computed tomogra-
phy. Oral Surg Oral Med Oral Pathol
1994;78:391-396.

Knutsen BM, Larheim TA, Johannessen S, Hillestad J,
Solheim T, Koppang HS. Recurrent conventional

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

cemento-ossifying fibroma of the mandible. Dentomax-
illofac Radiol 2002;31:65-68.

Beylouni I, Farge P, Mazoyer JF, Coudert JL. Florid
cemento-osseous dysplasia: Report of a case docu-
mented with computed tomography and 3D imaging.
Oral Surg Oral Med Oral Pathol Oral Radiol Endod
1998;85:707-711.

Summerlin DJ, Tomich CE. Focal cemento-osseous
dysplasia: a clinicopathologic study of 221 cases. Oral
Surg Oral Med Oral Pathol 1994;78:611-620.

Su L, Weathers DR, Waldron CA. Distinguishing
features of focal cemento-osseous dysplasias and
cemento-ossifying fibromas: I. A pathologic spectrum
of 316 cases. Oral Surg Oral Med Oral Pathol Oral
Radiol Endod 1997;84:301-309.

Su L, Weathers DR, Waldron CA. Distinguishing fea-
tures of focal cemento-osseous dysplasia and cemento-
ossifying fibromas. II. A clinical and radiologic
spectrum of 316 cases. Oral Surg Oral Med Oral Pathol
Oral Radiol Endod 1997;84:540-549.

Waldron CA, Giansanti JS, Browand BC. Sclerotic
cemental masses of the jaws (so-called chronic scle-
rosing osteomyelitis, sclerosing osteitis, multiple enos-
tosis, and gigantiform cementoma. Oral Surg Oral Med
Oral Pathol 1975;39:590-604.

Melrose RJ. The clinic-pathological spectrum of
cemento-osseous dysplasia. Oral Maxillofac Clin Nor
Am 1997;9:643-653.

Young SK, Markowitz NR, Sullivan S, Seale TW,
Hirschi R. Familial gigantiform cementoma: classifica-
tion and presentation of a large pedigree. Oral Surg
Oral Med Oral Pathol 1989;68:740-747.

Waldron CA. Fibro-osseous lesions of the jaws. J Oral
Maxillofac Surg 1993;51:828-835.

Toffanin A, Benetti R, Manconi R. Familial florid
cemento-osseous dysplasia: a case report. J Oral
Maxillofac Surg 2000;58:1440-1446.

Miyake M, Nagahata S. Florid cemento-osseous dys-
plasia. Report of a case. Int J Oral Maxillofac Surg
1999;28:56-57.

Ong ST, Siar CH. Florid cemento-osseous dysplasia in
a young Chinese man. Case report. Aust Dent J 1997;
42:404-408.

Abdelsayed RA, Eversole LR, Singh BS, Scarbrough
FE. Gigantiform cementoma: clinicopathologic pre-
sentation of 3 cases. Oral Surg Oral Med Oral Pathol
Oral Radiol Endod 2001;91:438-444.

Visnapuu V, Peltonen S, Ellild T, Kerosuo E, Vddndnen
K, Happonen RP, Peltonen J. Periapical cemental dys-
plasia is common in women with NF1. Eur J Med
Genet 2007;50:274-280.

Moshref M, Khojasteh A, Kazemi B, Roudsari MV,
Varshowsaz M, Eslami B. Autosomal dominant gigan-
tiform cementoma associated with bone fractures. Am
J Med Genet A 2008;146A:644-648.

Kaplan I, Nicolaou Z, Hatuel D, Calderon S. Solitary
central osteoma of the jaws: a diagnostic dilemma.



113.

114.

115.

116.

17.

118.

119.

120.

121.

122.

123.

124.

125.

Oral Surg Oral Med Oral Pathol Oral Radiol Endod
2008;106:e22-29.

Larrea-Oyarbide N, Valmaseda-Castelléon E, Berini-
Aytés L, Gay-Escoda C. Osteomas of the craniofacial
region. Review of 106 cases. J Oral Pathol Med 2008;
37:38-42.

Woldenberg Y, Nash M, Bodner L. Peripheral osteoma
of the maxillofacial region. Diagnosis and manage-
ment: a study of 14 cases. Med Oral Patol Oral Cir
Bucal 2005;10:E139-142.

Jones AC, Prihoda TJ, Kacher JE, Odingo NA,
Freedman PD. Osteoblastoma of the maxilla and man-
dible: a report of 24 cases, review of the literature,
and discussion of its relationship to osteoid osteoma
of the jaws. Oral Surg Oral Med Oral Pathol Oral
Radiol Endod 2006;102:639-650.

van der Waal, I. Cementoblastoma. Barnes L, Eveson
J, Reichert P, Sidransky D, eds. WHO Classification of
Tumours, Pathology and Genetics of Tumours of the
Head and Neck. International Agency for Research on
Cancer (IARC), Lyon 2005: p 318.
MacDonald-Jankowski DS, Wu PC. Cementoblastoma
in Hong Kong Chinese. A report of four cases. Oral
Surg Oral Med Oral Pathol 1992;73:760-764.
Brannon RB, Fowler CB, Carpenter WM, Corio RL.
Cementoblastoma: an innocuous neoplasm? A clini-
copathologic study of 44 cases and review of the lit-
erature with special emphasis on recurrence. Oral
Surg Oral Med Oral Pathol Oral Radiol Endod 2002;93:
311-320.

Dominguez FV, Frenandez LR, Luberti RF. Benign
cementoblastoma: analysis of 25 cases. Rev Asoc
Odontol Argent 2000;88:237-244. (in Spanish)
Praetorius P, Piatelli A. Odontoma, complex type.
Barnes L, Eveson J, Reichert P, Sidransky D, eds. WHO
Classification of Tumours, Pathology and Genetics of
Tumours of the Head and Neck. International Agency
for Research on Cancer (IARC), Lyon 2005: p310.
Praetorius P, Piatelli A. Odontoma, compound type.
Barnes L, Eveson J, Reichert P, Sidransky D, eds. WHO
Classification of Tumours, Pathology and Genetics of
Tumours of the Head and Neck. International Agency
for Research on Cancer (IARC), Lyon 2005: p311.
Chen Y, Li TJ, Gao Y, Yu SF. Ameloblastic fibroma and
related lesions: a clinicopathologic study with refer-
ence to their nature and interrelationship. J Oral
Pathol Med 2005;34:588-595.

MacDonald-Jankowski DS. Odontomas in a Chinese
population. Dentomaxillofac Radiol 1996;25:186-192.
Takata T, Slootweg PJ. Calcifying epithelial odonto-
genic tumour. Barnes L, Eveson J, Reichert P, Sidransky
D, eds. WHO Classification of Tumours, Pathology and
Genetics of Tumours of the Head and Neck. International
Agency for Research on Cancer (IARC), Lyon 2005:
p302.

Philipsen HP, Reichart PA. Calcifying epithelial odon-
togenic tumour: biological profile based on 181 cases

126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

193

Chapter 10: Radiopacities

from the literature. Oral Oncol 2000(Jan);36(1):
17-26.

Kaplan I, Buchner A, Calderon S, Kaffe I. Radiologi-
cal and clinical features of calcifying epithelial odon-
togenic tumour. Dentomaxillofac Radiol 2001;30:
22-28.

Struthers P, Shear M. Root resorption by ameloblas-
tomas and cysts of the jaws. Int J Oral Surg 1976;5:
128-132.

Anavi Y, Kaplan I, Citir M, Calderon S. Clear-cell
variant of calcifying epithelial odontogenic tumor: clin-
ical and radiographic characteristics. Oral Surg Oral
Med Oral Pathol Oral Radiol Endod 2003;95:332-329.
Philipsen HP, Nikal H. Adenomatoid odontogenic
tumour. Barnes L, Eveson J, Reichert P, Sidransky D,
eds. WHO Classification of Tumours, Pathology and
Genetics of Tumours of the Head and Neck. International
Agency for Research on Cancer (IARC), Lyon 2005:
p304.

Philipsen HP, Reichart PA, Siar CH, Ng KH, Lau SH,
Zhang X, Dhanuthai K, Swasdison S, Jainkittivong A,
Meer S, Jivan V, Altini M, Hazarey V, Ogawa I, Takata
T, Taylor AA, Godoy H, Delgado WA, Carlos-Bregni R,
Macias JF, Matsuzaka K, Sato D, Vargas PA, Adebayo
ET. An updated clinical and epidemiological profile
of the adenomatoid odontogenic tumour: a collabora-
tive retrospective study. J Oral Pathol Med 2007;36:
383-393.

Swasdison S, Dhanuthai K, Jainkittivong A, Philipsen
HP. Adenomatoid odontogenic tumors: an analysis of
67 cases in a Thai population. Oral Surg Oral Med Oral
Pathol Oral Radiol Endod 2008;105:210-215.

Leon JE, Mata GM, Fregnani ER, Carlos-Bregni R, de
Almeida OP, Mosqueda-Taylor A, Vargas PA.
Clinicopathological and immunohistochemical study
of 39 cases of adenomatoid odontogenic tumour: a
multicentric study. Oral Oncol 2005;41:835-842.
Dare A, Yamaguchi A, Yoshiki S, Okano T. Limitation
of panoramic radiography in diagnosing adenomatoid
odontogenic tumors. Oral Surg Oral Med Oral Pathol
1994;77:662-668.

Praetorius P, Ledesma-Montes C. Calcifying cystic
odontogenic tumour. Barnes L, Eveson J, Reichert P,
Sidransky D, eds. WHO Classification of Tumours,
Pathology and Genetics of Tumours of the Head and
Neck. International Agency for Research on Cancer
(IARC), Lyon 2005: 313.

Ledesma-Montes C, Gorlin RJ, Shear M, Praetorius F,
Mosqueda-Taylor A, Altini M, Unni K, Paes de Almeida
O, Carlos-Bregni R, Romero de Leén E, Phillips V,
Delgado-Azafiero W, Meneses-Garcia A. International
collaborative study on ghost cell odontogenic tumours:
calcifying cystic odontogenic tumour, dentinogenic
ghost cell tumour and ghost cell odontogenic carci-
noma. J Oral Pathol Med 2008;37:302-308.

lida S, Fukuda Y, Ueda T, Aikawa T, Arizpe JE, Okura
M. Calcifying odontogenic cyst: radiologic findings in



194

137.

138.

Part 3. Radiological pathology of the jaws

11 cases. Oral Surg Oral Med Oral Pathol Oral Radiol
Endod 2006;101:356-362.

Li TJ, Yu SF. Clinicopathologic spectrum of the so-
called calcifying odontogenic cysts: a study of 21
intraosseous cases with reconsideration of the termi-
nology and classification. Am J Surg Pathol 2003;27:
372-384.

Takeda Y, Tomich CE. Ameloblastic fibro-odontoma.
Barnes L, Eveson J, Reichert P, Sidransky D, eds. WHO
Classification of Tumours, Pathology and Genetics of
Tumours of the Head and Neck. International Agency
for Research on Cancer (IARC), Lyon 2005: p309.

139.

140.

141.

McDonnell D. Dense bone island. A review of 107
patients. Oral Surg Oral Med Oral Pathol 1993;76:
124-128.

MacDonald-Jankowski DS. Idiopathic osteosclerosis
in the jaws of Britons and of the Hong Kong Chinese:
radiology and systematic review. Dentomaxillofac
Radiol 1999;28:357-363.

Petrikowski CG, Peters E. Longitudinal radiographic
assessment of dense bone islands of the jaws. Oral
Surg Oral Med Oral Pathol Oral Radiol Endod 1997;83:
627-634.



Chapter 11
Maxillary antrum

Introduction

The maxillary antrum (also known as the “maxil-
lary sinus”) occupies a considerable part of the
midface and is surrounded by important structures
and organs. These are the orbits, the nasal and oral
cavities, the ethmoid sinuses, the pterygopalatine
and infratemporal fossae. Therefore, disease arising
within it can involve these structures in addition
to disease arising within them involving it in turn.
The shape of the maxillary antrum forms an
inverted pyramid with its apex set laterally at the
root of the temporal process of the zygoma (Figure
11.1). Its central position within hemi-midface
means that it is involved in most maxillary frac-
tures as the three struts joining the maxilla with
the skull base. These struts arising from two of the
four angles of the antral cavity are the frontozygo-
matic the zygomaticotemporal and the frontomax-
illary. They transmit the occlusal forces from the
dentoalveolar process to the skull base.

The maxillary antrum has a communication
with the nasal cavity via an ostium over half way
up the medial wall above the attachment of the
inferior turbinate (concha) (Figure 11.2). This is
the sole or at least the main point of egress for the
antral fluids. An accessory osteum may be present.
Normal evacuation is dependent upon the integrity
of the pseudostriated squamous epithelium that
lines the lumen of the antrum.

The hard palate established the junction
between the alveolar and basal process of the
upper jaw, as did the mandibular canal for the
mandible.! The profile of the hard palate is readily
observed on lateral projections of the jaws, includ-
ing panoramic radiographs (see Figure 1.24). The
maxillary antrum frequently pneumatizes this
process, particularly in the premolar region.
Therefore diseases arising within this process or
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treatment for these diseases may involve the maxil-
lary antrum. Extensive pneumatization of the alve-
olar process, as seen in Figure 11.3a), may indicate
the presence of a lesion.

The maxillary antrum reaches adult size about
12 years of age. Chronic sinusitis during childhood
has been suggested to be the cause of its failure to
develop (aplasia) or its small size (hypoplasia)
(Figures 11.4 and 11.5).** Pneumatization is reduced
by red-marrow conversion during anemia.* Figure
11.6 exhibits a case of thalassemia, introduced in
Chapter 9, affecting the maxillary antrum.

Although mucosal thickening of the maxillary
antrum is common in symptom-free patients, it is
considered normal if it is less than 4 mm (Figure
11.7).2

Sinusitis can be acute or chronic. A de novo
acute sinusitis or an acute exacerbation of existing
chronic sinusitis is generally painful. There may be
a history of a recent upper respiratory tract infec-
tion. The intensity of the pain may vary with
changes in position of the patient’s head. If the
maxillary antrum is infected, there may be tender-
ness of the anterior maxilla, and the vital premolar
and molar teeth may be tender to percussion or
biting. The initial diagnosis can be concluded on
clinical evidence alone. Although conventional
radiography is often unhelpful, radiographs should
be taken in cases of a long-standing history of
sinusitis. Unlike the de novo acute sinusitis, long-
standing chronic sinusitis may present with thick-
ening of the sinus’s bony walls.” If sinusitis remains
unresponsive to antibiotics and decongestants, it is
necessary to exclude the possibility of other under-
lying pathology, the most important being a squa-
mous cell carcinoma (SCC) (see Figure 18.20). This
can achieve considerable dimensions prior to man-
ifestation of symptoms, of which chronic sinusitis
is one. The earlier the diagnosis, the better the
prognosis.

Osteosarcoma affecting the maxillary antrum
displays the similar features reported earlier
(Chapter 10). Figure 11.8 displays substantial
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Eminence

Figure 11.1. The anatomical parameters of the maxillary
antrum.

soft-tissue involvement and swelling, which is not
reflected by the extent of the radiologically appar-
ent osseous (radiopaque) element of the disease.
The classical presentation of sinusitis in con-
ventional radiography is thickening of the antral
mucosa and the presence of fluid levels. The thick-
ened mucosa in infective sinusitis presents as a
radiopaque (of soft-tissue density) band parallel to
the bony walls (see Figure 11.7). This may be
accompanied with polyps (Figures 11.9, 11.10),
particularly in allergy sinusitis. Fluid levels are best
seen on a occipitomental projection with the
patient sitting upright and with a horizontal beam.
It is important to ensure that the petrous temporal
bone does not overlie the inferior antrum (Figure
11.11a). The fluid nature of the fluid line can be
confirmed by reradiographing following a 30° tilt
of the head to one side. Occasionally, if the antral
ostium is completely occluded a mucocele can
occur resulting in the expansion and erosion of the
antral walls. Mucoceles occur more frequently in

the frontal and ethmoid sinuses where their close
association with the cranium prompts a neurosur-
gical emergency.

Bacterial sinusitis can arise from a dental
origin, for example, from a periapical lesion (see
Figure 11.11) or from an oroantral fistula following
extraction of a maxillary premolar or molar (see
Figure 11.9) Pinhole fistulae are more likely to
result in sinusitis rather than a wide fistula, which
allows free drainage. Figure 11.12 displays new
bone at the apex of a root-filled tooth.

Antroliths, calcifications within the maxillary
antrum, are occasionally observed (Figure 11.13).
Such radiopacities may also represent exostoses
arising from the antral wall. The latter may be
considered when one of the exostosis’ margins
appears diffuse rather than sharp (Figure 11.14) or
if there has been no change in position over time
(Figure 11.15).

Other lesions such as neoplasms and cysts
affecting the maxillary antrum are either intrinsic
to the antrum (arise within it) or are extrinsic to it
(arise outside it) and invade it secondarily. The
most frequent intrinsic lesions are mucosal antral
cysts (MACs) (Figures 11.16-18). As the MAC rep-
resents an accumulation of fluid within the antral
mucosa, but without an epithelial lining, it may be
referred to as a “pseudocyst.” They vary in fre-
quency in different communities depending upon
local climate and culture. They are more frequent
in Hong Kong’ than in inner-city London,’ at least
during late summer to early autumn when the
radiographs were taken. They may also vary within
the community according to the seasons. They are
dome-shaped and on the panoramic radiography
appear to rise most frequently from the antral floor.
On helical computed tomography (HCT) they are
observed arising from other walls, particularly
the lateral wall, which is outside the panoramic
radiograph’s focal trough. Although features of
periapical pathosis are classically absent in the
alveolar bone subjacent to the MACs (Figures
11.16-18), in such situations where a periapical
pathosis is present, the antral phenomenon is more
likely to represent a mucositis induced by the
underlying periapical inflammation rather than to
be a MAC.

The MAC, although a soft-tissue structure, is
apparent on conventional radiography by virtue of
the silhouette effect (see Figure 11.17). This allows
the surface contour of soft-tissue structures to
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Figure 11.2. Normal maxillary antrum (MA) coronal helical computed tomography displaying the midface at the level of
the osteum of the MA. The ostium’s position, above the inferior concha is toward the roof of the MA. The inferior orbital
canal is laterally positioned anteriorly to the lumen of the hypoplastic MA. Note: The white rim represents the mucosal
surface enhancing postcontrast. The darker part is the soft-tissue of the turbinates.

become visible by contrasting them against air-
filled spaces. For this reason the outlines of the
heart, the aorta, and the pulmonary veins are made
visible because they are silhouetted against the
translucent air-filled lung fields on the chest
radiograph.

Other lesions, such as cysts and neoplasms
that arise within the alveolus, can expand upward
into the maxillary antrum to create a domelike
structure. The difference is that they have a cortex
at their periphery. This cortex is the now upwardly
displaced floor of the antrum.

The MAC or any other soft-tissue structure
silhouetted against an air-filled space may also
appear to have a radiopaque periphery. This is a
result of the Mach band effect and is accompanied
by a black line immediately surrounding the entire
MAC. This is more fully discussed in Chapter 3.

Another aspect of lesions arising from the
maxillary alveolus and expanding into the maxil-
lary antrum is that the portion of the lesion appear-

ing inferior to the image of the hard plate on
panoramic radiographs appears radiolucent,
whereas that portion appearing above it and thus
completely enveloped by the air-filled space of the
maxillary antrum is radiopaque (see Figure 11.17).

Furthermore, if the lesion arising from the
alveolus becomes infected, the cortex representing
the upwardly expanded floor of the maxillary
antrum can be lost. The lesion may become indis-
tinguishable from the MAC or other pathology
intrinsic to the maxillary antrum except for the
radiolucency within the alveolus (Figure 11.19) or
“hyperpneumatization” (see Figure 11.3a). This
loss of the upwardly displaced floor of the maxil-
lary antrum can be readily appreciated in infected
keratocystic odontogenic tumors (KCOT) (Figure
11.20).° In addition to the loss of the antral floor
much of the maxillary tuberosity and posterior
antral wall was absent strongly suggesting pres-
ence of an antral malignancy, more specifically a
carcinoma.
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Figure 11.3. The panoramic radiograph and three soft-tissue window computed tomographs (CT) of a case of non-
Hodgkin's lymphoma (NHL) that arose from lymphoid tissue within the alveolus. Although the majority of NHLs arise within
Waldeyer's ring, a number can arise outside it. They are generally bone sparing, unless they arise in bone itself. The
breaching of the buccal and palatal cortices and substantial soft-tissue mass are reminiscent of a squamous cell carcinoma,
but both the substantial palatal expansion and concave upward expansion of the floor of the maxillary antrum are more
typical of a benign neoplasm or cyst. (a) The panoramic radiograph displays extensive loss of bone around the roots of
maxillary molars in addition to premolars. This degree of bone loss far exceeds normal pneumatization of the alveolus. (b)
Axial CT, at the level of the first cervical vertebra. The alveolar bone around the roots on the left side appear to have been
resorbed. The buccal cortex is absent, whereas the palatal cortex is expanded, but it eroded with some perforations. The
buccal soft-tissue mass has extended medially between the surface of the anterior alveolus and the skin of the upper lip.
(c) Coronal CT, at the level of the first premolars, almost occludes the left antral and nasal cavities, leaving a residual air
space just below the medial portion of the orbital floor. The medial and lateral bony walls, in addition to a considerable
portion of the alveolar process are absent. The soft-tissue mass of the lesions has expanded medially into the nasal cavity.
(d) Coronal CT, atthe level of the first molars, has perforated the palatal cortex and expanded into the palatal submucosa,
whereas the lateral wall appears intact. The lesion is separated from the floor of the orbit by a residual air space. The
dome-shaped surface of the lesion is delineated by a well-defined uniformly thick cortex. Reprinted with permission from
Li TK, MacDonald-Jankowski DS. An unusual presentation of a high-grade non Hodgkin's lymphoma in the maxilla.
Dentomacxillofacial Radiology 1991;20:224—-226.
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Figure 11.4. Panoramic radiograph displaying a very
hypoplastic maxillary antrum.

The carcinoma, in particular the SCC, affect-
ing the maxillary antrum extensively destroys all
bony structures and invades directly adjacent soft-
tissue structures (see Figure 18.20). These require
further evaluation by computed tomography with
contrast and magnetic resonance imaging (MRI) to
fully appreciate the extent of their invasion.
Successful treatment required complete surgical
ablation of the neoplasm. Not all malignant neo-
plasms behave in this manner nor require such
radical treatment. There is a small synthesis of
cases of non-Hodgkin’s lymphoma (NHL) that arise
within the alveolar process. One such case dis-
played an upward displacement both of the floor
and of the posterior lateral wall of the maxillary
antrum very much in the manner of a benign neo-
plasm or cyst (see Figure 11.3). NHLs are generally
treated by radiotherapy rather than by surgery.’

Odontogenic neoplasms arising in the subj-
acant alveolus can involve the maxillary antrum
secondarily. The most frequent of these are three
of the most important—the ameloblastoma, KCOT,
and odontogenic myxoma—because of their pro-
pensity to recur.

Although a systemic review revealed that only
9% of ameloblastomas affect the maxilla and 82 %
of that affected the posterior sextant, in the detailed
Hong Kong series within the same report the major-
ity were solid (or multilocular) ameloblastomas.
These maxillary cases first presented later in life
than the average mandibular ameloblastoma within
the same report and are more likely to affect the
anterior sextant wholly or in part.®® This pattern
has now been substantially confirmed in another
Chinese report.” If these ameloblastomas become
sufficiently large they can affect the maxillary
antrum (Figure 11.21). Solid ameloblastomas
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Figure 11.5. Computed tomography (CT; bone windows)
displaying a hemimaxilla which has been affected by
osteomyelitis. This had resulted in loss of teeth and marked
hypoplasia of the maxilla and also of the maxillary antrum.
Some of the features of this lesion were secondary to the
surgery required to remove sequestra and teeth. (a) Axial
CT displays the hypoplasia of the residual maxilla and of
the maxillary antrum. The latter cavity has been obturated
with soft tissue. (b) Coronal CT displays the above. The
floor of the orbit on the affected side is thicker. The inferior
concha is not attached to the affected maxilla in this
section. Note: Osteomyelitis affecting the maxilla usually
affects children and is spread to the maxilla by the blood
(hematogenous).



Figure 11.6. Computed tomography (bone windows) of thalassemia. See also Figures 9.5 and 17.21 for other images from
the same patient. (a) Axial section, through the atlantoaxial articulation, reveals the complete absence of a maxillary antrum.
The entire normal bone has been replaced by thickened and coarse trabeculae. There is a well-defined ovoid sclerosis on
the posterior wall of the right maxilla. The cortex is either diffusely thickened or absent. Both maxillae are expanded. (b)
Coronal section confirms the complete absence of the maxillary antrum observed in (b). The pattern of the background
radiodensity is peau d’orange. (c) Coronal section through the middle of the globe (eyeball) displays the above. There are
fewer trabeculae save for a few vertical trabeculae. The floor of the orbit is diffusely thickened or absent, whereas the roof
is distinct and intact. (d) Coronal section, just behind the globe (note the rectus muscles and optic nerve). It displays the
same pattern as (c). There is a small well-defined ovoid sclerosis just below the orbit on the right maxilla.
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Figure 11.7. This axial computed tomograph (bone
window) displays the normal triangular shape of the maxil-
lary antrum (MA). Its degree of pneumatization, size, and
shape are generally symmetrical. Note that the posteriolat-
eral wall is sigmoid shaped. Neoplastic lesions generally
expand the posterior half of this wall. Lumen of the MA on
one side is nearly obturated by substantial expansion of
the antral mucosa, leaving only a residual air space in the
center. The other side reveals the presence of a shallow
dome-shaped opacity of soft-tissue radiodensity arising
from the anterior wall of the MA.

require resection with a margin to minimize recur-
rence. If untreated or inadequately treated they can
spread to the orbit or even the skull base (Figure
11.22) and may cause death."

The KCOT affects the maxilla as frequently as
the mandible. Although most mandibular KCOTs
are multilocular, most of those that affect the pos-
terior maxilla are not only unilocular (Figure
11.23), but they present earlier in life.’* Although
this earlier age of presentation is similar to that
observed for syndromic KCOTs (nevoid basal cell
carcinoma syndrome; NBCCS) the latter can be
distinguished by its other stigmata, which may
include multiple KCOTs (Figure 11.24), already dis-
cussed in Chapter 9. A reason for the unilocular
presentation and buccolingual expansion of the
KCOT arising subjacent to the maxillary antrum
could be that the buccal and lingual cortices of the
maxillary alveolus and the cortex of the floor of
the maxillary antrum are considerably thinner than
those of the body of the mandible, where expan-
sion, if it occurs, is minimal.'
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Figure 11.8. Computed tomography (CT) of osteosar-
coma affecting the anterior sextant of the maxilla and
extending into the maxillary antrum (MA). (a) Sagital CT
(bone window) exhibiting a poorly defined radiopacity dis-
placing the roots of the canine and lateral incisor. Striae
are present at the periphery of the lesion. The intraluminal
mass is largely soft tissue with deeper sunburst striae. (b)
Axial CT (bone window) displays a loss of the trabeculae
and cortex at the anteriomedial angle of the MA and an
invasion by a soft-tissue mass and striae deeper within it.
The lateral surface of the medial wall of the MA presents
with striae arising from the anterior two-thirds of its length.
Just anterior to the anterior (facial) wall of the MA is a small
area of periosteal reaction with faint striae. The affected
side exhibits substantial swelling of the face.

KCOTs affecting the maxillary antrum gener-
ally present with substantial expansion during ado-
lescence or early adulthood. If presenting with
unerupted teeth, particularly third molars, they
should be distinguished from dentigerous cysts.

Dentigerous cysts affecting the maxillary
antrum can also arise from canines (Figure 11.25)
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Figure 11.9. Mucositis and antral polyps can occur sec-
ondary to an oroantral fistula. Computed tomography of the
maxillary antrum (a). This virtual antroscopy (b) displays
the MAC suspended from the roof of the antral cavity.
Figure (b) reprinted with permission from MacDonald-
Jankowski DS, Li TK. Computed tomography for oral and
maxillofacial Surgeons. Part 1: Spiral computed tomogra-
phy. Asian Journal of Oral Maxillofacial Surgery 2006;18:
68-77.

Figure 11.10. Panoramic radiographs from cases display-
ing polyps arising from the floor of the maxillary antrum.

and supernumeraries (Figure 11.26). Another
cyst that should be considered in the differential
diagnosis is the orthokeratinized odontogenic cyst
(00C) (Figure 11.27), which frequently is associ-
ated with an unerupted tooth.!* A recent systematic
review revealed the paucity of detailed reports of
the clinical and radiological features of this lesion.!
The OOC potentially accounts for 10% of all for-
merly designated odontogenic keratocysts.* It is
important to distinguish it from the odontogenic



Figure 11.11. Conventional radiography and computed tomography (CT) of a radicular cyst arising in the maxilla’s anterior
sextant affecting the maxillary antrum (MA). (a) 30° occipitomental projection displaying complete radiopacity of the left
MA. Note that the petrous temporal bone is correctly below the floor of the antrum. There is no obvious buccal expansion,
but the medial wall appears to have been displaced into the left nasal cavity. (b) Coronal CT (bone window), at the level
of the maxillary canines, exhibits displacement of the lateral and medial walls and the roof of the MA. (c) Axial CT (bone
window), through the alveolus, displaying a radiolucency occupying the left anterior region. It is associated with buccal
expansion. (d) Axial CT (bone window), through the hard palate, showing an opacification of the entire MA. The anterior
wall has been substantially expanded. (e) Axial CT (bone window), at the level of the neck of the condyle, displaying sub-
stantial obturation of the antrum by a corticated lesion containing a homogeneous light radiopaque content. The medial
wall has been expanded. There is a residual air space at the anteriolateral angle of the MA.
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Figure 11.12. Periapical radiograph displaying a root-filled Figure 11.13. A periapical radiograph displaying as a
tooth, which exhibits new bone formation at the apex, nonroot—appearing antrolith within the maxillary antrum.
analogous to the involucrum observed in Figure 10.14. Adjacent to it is an extraction socket.

Figure 11.14. Periapical radiography (a) and cone-beam computed tomograph (CBCT; b) of an endostosis within the lateral
wall of the maxillary antrum (MA). (a) The superior surfaces are well defined, but the inferior margin is not. (b) The exostosis

is on the lateral wall of the MA. The lumen of the MA is otherwise completely normal; that is, the mucosa is not thick enough
to be visible and there is no fluid.

(@)

Figure 11.15. Periapical radiographs (a and b) taken 3 years apart. They display an antrolith, which has not changed in
site and shape during that period. (a) A well-defined radiopacity is sited just distal and superior to the apex of the second

premolar. (b) Three years later, the second premolar has acquired an amalgam restoration, but the antrolith has remained
unchanged in site and in shape.
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Figure 11.16. Postcontrast computed tomography (bone
window) of a mucosal antral cyst (or pseudocyst). The cyst
presents as a soft-tissue density structure partially filling
the maxillary antrum. The white “rim” denotes contrast
“enhancement” of the surface mucosal rather than a bony
cortex as observed in Figure 11.3(d). The surface mucosa
of the turbinates are also enhanced (compare with Figure
11.2). Therefore, this is a large mucosal antral cyst rather
than a lesion arising within the alveolus (compare with
Figure 11.11).
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Figure 11.17. The panoramic radiographs of two different
mucosal antral cysts (MAC; also called pseudocysts). (a)
This MAC is centered upon the maxillary first molar tooth.
Although this tooth has a moderate restoration, the likeli-
hood of pulpal necrosis is low. (b) This MAC’s subjacent
teeth are undergoing orthodontic treatment and therefore
presumably noncarious. There is agenesis of the second
premolar. Reprinted with permission from MacDonald-
Jankowski DS. Fibro-osseous lesions of the face and jaws.
Clinical Radiology 2004;59:11-25.



Figure 11.18. Cone-beam computed tomography (CBCT)
of the maxillary antrum (MA). (a) Axial CBCT, at the level
ofthe hard palate, displaying the nasopharynx; the mucosal
surface silhouetted against the air-filled space. One antrum
exhibits two dome-shaped opacities of a similar radioden-
sity as that of the nasopharyngeal tissues. These dome-
shaped radiopacities are likely to be mucosal antralcysts
or polyps. (b) Coronal CBCT section through the more
anterior radiopacity. The mucosa of the ipsilateral inferior
concha is swollen in comparison to the contralateral. The
middle conchae and ethmoid air cells appear normal. Note
1: Inferior orbital canal in the floor of the orbit. Note 2: The
osteum of the left MA. Figures courtesy of Dr. Babak
Chehroudi, Faculty of Dentistry, University of British
Columbia.
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Figure 11.19. Panoramic radiograph displaying a kerato-
cystic odontogenic tumor affecting the maxillary antrum
(MA). The MA displays a soft-tissue radiopacity. A tooth,
which appears like a premolar, has been displaced
upwardly into the MA almost to the floor of the orbit. The
root of a premolar has been displaced distally. The alveo-
lus is translucent.

Figure 11.20. Panoramic radiograph displaying a kerato-
cystic odontogenic tumor affecting the maxillary antrum
(MA). The MA displays a soft-tissue radiopacity separated
from a residual air-filled space anterior by a cortex. A tooth,
which is likely a third molar, has been displaced upwardly
into the MA to the level of the hard palate. The alveolus
appears to be hyperpneumatized. There is no cortex at the
maxillary tuberosity and adjacent posterior antral wall.



Figure 11.21. Computed tomography (CT) of a solid (multilocular) ameloblastoma affecting the anterior maxilla. (a) Axial
CT (bone window), at the level of the hard palate, revealing an ovoid lesion largely expanding out into the soft tissue of
the face. The cortex on this surface has been substantially eroded and perforated in places. There are some radiopaque
features extending partly into the lesion. The lesion has eroded and displaced the medial aspect of the anterior wall of the
maxillary antrum backward into the lumen. Multiple radiopacities are observed in the anterior aspect of the lesion. (b)
Coronal CT (bone window) reveals most of the features observed in (a). The multiple radiopacities are localized to the
superior aspect of the lesion. (c¢) Axial CT (bone window), through the inferior concha, displaying the most superior extent
of this lesion. It lies upon the surface of the anterior wall of the maxillary antrum. (d) Axial CT (bone window), through the
level of the hamulus, displaying the deepest reach of the lesion into the alveolus. The cortex at its anterior periphery appears
substantially absent. (e) Coronal CT (bone window) displays both the marked buccal expansion and its extent palatally into
the alveolus. It also displays the septa within the lesion and the marked erosion and absence of its buccal cortex toward
the gingival margin.

207



208 Part 3. Radiological pathology of the jaws

Figure 11.22. Magnetic resonance imaging (MRI) of a recurrent maxillary ameloblastoma invading the brain. This patient
has had numerous surgeries including a left maxillectomy; the surgical defect was filled with a radial forearm reconstruction
flap. (a) Axial postgadolinium T1-weighted MR, at the level of the base of the sigmoid notch, displaying an enhanced lesion
occupying the site of the maxillary antrum and the infratemporal space. (b) Coronal postgadolinium T1-weighted MRI, at
the level of the condyle, displays enhancement of a lesion invading a reconstruction flap used to rebuild the inferior and
lateral walls of the maxillary antrum. Above the maxillary antrum, the ameloblastoma has invaded the ethmoid air-cells, the
orbital apex, the dura mater of the anterior cranial fossa and the anterior part of the temporal lobe. Figure courtesy of Dr.

Montgomery Martin, British Columbia Cancer Agency.

neoplasms because it displays little tendency to
recur and has little if any association with NBCCS.

Seventy-five percent of the cases of odonto-
genic myxoma in a systematic review affect the
posterior sextant.” The odontogenic myxoma can
achieve substantial dimensions obturating the
antrum and expanding and eroded its walls (Figure
11.28).' The computed tomograph in Figure 11.28
displays striae that resemble a sunray pattern.
Although the odontogenic myxoma arising primar-
ily within the anterior sextant is not yet of substan-
tial dimensions, it can still involve the maxillary
antrum without the expansion observed in Figure
11.29. The odontogenic myxoma requires resection
to minimize recurrence.

Fibrous dysplasia (FD) affects the maxillary
antrum either from its origin within the alveolus
or within the base of the skull. The latter is obvi-
ously more likely to affect vision. A recent systemic
review has revealed that the literature based on
cases of FD arising within the alveolus affecting a
specific community very unlikely to cause ocular
problems."” Therefore, with the exception of the

occasionally sporadic case the patient’s vision is
unlikely to be threatened by FD arising within the
alveolus. Fifty-eight percent of FDs included by the
systematic review affect the maxilla.'” FD affecting
the maxilla enlarges it, sometimes grotesquely,
although retaining a broad resemblance to its origi-
nal (normal) shape (Figure 11.30a). The predomi-
nant pattern of radiodensity on conventional
radiography is generally ground glass.’®* Computed
tomography may display a wider range of radioden-
sities (Figures 4.5, 11.30-11.36). All maxillary cases
in a recent case series affected the maxillary
antrum.'® In a series of cases investigated by com-
puted tomography,'® in one case the lateral wall
displayed the fusiform expansion classically
observed in the mandible (Figure 11.32). As the
lesion grows, the lumen of the maxillary antrum is
gradually obliterated.! The vertical dimension of
the maxilla is increased both vertically and hori-
zontally, which gives rise to the clinically apparent
grossly expanded maxilla already observed in
Figure 11.30. In most cases of monostotic fibrous
dysplasia, affecting the jaws, arising within the
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Figure 11.23. A panoramic radiograph (a), coronal (b), and axial (c) computed tomography (CT) (bone windows) exhibit
a keratocystic odontogenic tumor (KCOT) within the lumen of the maxillary antrum. The KCOT presents on the panoramic
radiograph as a radiopacity above the hard palate and as a radiolucency below it, lying within the alveolus. The radiopacity
arises because its soft tissue attenuated the X-ray beam more than the air-filled antrum. The KCOT has obturated most
of the antral lumen. The radiolucency in the third permanent molar site of the alveolar bone arises from the KCOT, remov-
ing the normal bone for this site as it grows. The most obvious feature displayed is that of the unerupted third molar. This
is transversely impacted with its roots embedded into the attachment of the hard palate with the alveolus. Root formation
is stillincomplete. The overall presentation is that of a dentigerous cyst. The only clue that this may not be so is the attach-
ment of the lesion to the root surface. It is apical to the cementoenamel junction.

alveolus or at least close to it, the pterygoid body
and plates are not generally affected. The anteri-
orly apparent expansion of the maxillary FD
appears to use the pterygoid bone as a base to push
off against (Figures 11.32-34). Although occasion-
ally the pterygoid bone may be displaced back-
ward, in other cases it remains undisplaced but
with some posterior-laterally expanded dysplastic

maxilla lying against the lateral surface of the
lateral pterygoid plate (Figures 11.33, 11.34). The
vertical expansion raises the floor of the orbit, but
infrequently to such an extent to occasion ocular
signs, such as proptosis as observed in Figure
11.30. The more usual upward expansion of FD
arising within the jaws is exhibited in Figures 11.31
and 11.35a.
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Figure 11.24. Computed tomography (CT) of keratocystic odontogenic tumor (KCOT) affecting both maxillary antra (MA)
in a case of nevoid basal cell carcinoma syndrome (NBCCS). (a) Axial CT (bone window) displays KCOTs obturating both
MAs. The right MA has been completely obturated, whereas the left has been only partially obturated. The presence of the
residual air space (anteriorly) suggests that the MA is draining normally. Each MA displays an expansion of the posterior
aspect of the posteriolateral wall. The right KCOT contains an unerupted tooth the apex of which has been displaced
through the posteriolateral wall close to the MA’s zygomatic angle. (b) Coronal CT (soft-tissue window) with intravenous
contrast (note enhancement of the ophthalmic, facial, and right greater palatine arteries) displays complete obturation and
buccolingual expansion of the left MA (the medial wall has also been displaced medially). The right MA exhibits a residual

air space.

Polyostotic fibrous dysplasia can, in addition
to the jaws, affect other facial and skull bones,
including the base of the skull (see Figures 11.35,
11.36). Involvement of the last can threaten vision
by compressing the optic nerve. Other cases of
polyostotic fibrous dysplasia affecting the base of
the skull are displayed in Figures 17.23-17.25.

Radiopaque lesions such as ossifying fibro-
ma®**! and the odontoma* can grow upward into
the maxillary antrum. Seventeen percent of ossify-
ing fibromas affect the posterior sextant of the
maxilla.** Three of the four maxillary ossifying
fibromas affected the antrum, of which two obtu-
rated it.?°

The ossifying fibroma®“" and complex odon-
tomas?* are generally indistinguishable on conven-
tional radiographs. According to a synthesis of case
reports on large odontomas,* most are likely to
grow and occupy the entire vertical dimension of
the maxillary antrum (Figure 11.37). The tooth it
prevented from erupting is frequently reported as

20,21

being displaced upward to the floor of the orbit
(Figure 11.38).

Dense bone islands (idiopathic osteosclerosis)
are infrequently found in the maxilla.?® Osseous
dysplasia (OD) can arise in the posterior alveolus.**

The posterior sextant was affected in 73 %
of all cases with florid osseous dysplasia (FOD)
(Figure 11.39a-d),* but in only 9% of cases of
focal osseous dysplasia (FocOD).* Although the
OD lesions may achieve substantial dimensions
and protrude into the maxillary antrum as in
Figure 11.39e, they are infrequently associated with
symptoms.

Occasionally other rarer cysts and neoplasms
may affect the maxillary antrum; Figure 11.40
exhibits one such lesion, the ameloblastic fibro-
odontoma. Figure 11.40 displays the bone windows;
the corresponding soft-tissue windows were
reported by Piette et al.®

Radiopacities, such as Figure 11.41, associ-
ated with the floor of the antrum that may convinc-



Figure 11.25. Panoramic radiograph and computed tomography (CT; bone windows) of a dentigerous cyst arising from a
maxillary canine obturating most of the maxillary antrum (MA). (@) The panoramic radiograph displays the unerupted canine
with incompletely formed roots sited high within the MA. The second premolar, second molar, and third molar are unerupted.
(b) Axial CT, above the hard palate, displays the canine lodged at the MA’s medioanterior angle. It has expanded into the
anterior nasal cavity. The cystic cavity has obturated the anterior three-fourths of the MA’s lumen and has a well-defined
cortex. The posterior fourth is air-filled. The most posterior aspect of each MA contains the developing third molar (this is
obvious in (a). (c) Coronal CT, atthe level of the nasopalatine duct, exhibits the unerupted canine impacted into the medial
wall of the MA apex first. The cyst appears to be attached to the canine at the cementoenamel junction. The cyst has
expanded the buccal wall of the maxillary antrum and adjacent alveolus. (d) Coronal CT, at the level of the unerupted
second premolar, displays the cyst filling the inferior four-fifths of the MA. The upwardly displaced former floor of the antrum
is clearly present as a well-defined cortex. The residual air-filled space occupies the superior fifth of the MA’s lumen. The
medial wall of the MA has been displaced medially. (e) Coronal CT, at the level of the lacrymal ducts. The buccal cortex,
though largely eroded and indistinct, is clearly expanded.
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Figure 11.26. Conventional radiographs (panoramic radiograph and anterior occlusal and computed tomographs [CT]) of
a dentigerous cyst (DC) arising from a supernumerary (mesiodens) affecting the maxillary antrum (MA). (a) Panoramic
radiograph displaying the DC on the mesiodens obturating the MA. There is marked hyperpneumatization of the alveolus.
The DC has also caused substantial root resorption. (b) Anterior occlusal showing the mesiodens between the roots of the
central incisors. (c) Coronal CT taken at the level the inferior orbital nerve begins its course from the inferior orbital canal/
groove to the infraorbital foramen. It shows the DC obturating the entire MA and expanding its buccal and lingual cortices
widely. (d) Axial CT (bone window), through the alveolus, exhibiting substantial root resorption. (e) Axial CT, at the level
of the infraorbital foramen, exhibiting substantial expansion anteriorly and medially.
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Figure 11.27. Panoramic radiograph displaying an orthokeratinized odontogenic cyst (OOC) affecting the maxillary antrum
(MA). The posterior MA is radiopaque, whereas the anterior MA is still translucent. The radiopacity is bounded by a cortex
anteriorly. The root of associated unerupted third molar appears to be in intimate contact with the OOC. The tooth’s follicular
space is discernible over the entire crown and is unlikely to be continuous with the OOC.

Figure 11.28. Computed tomography (CT: bone windows) of odontogenic myxoma affecting the maxilla. It has extensively
involved the maxillary antrum (MA). (a) Coronal CT displays the substantial expansion, medially and laterally, at the level
of the maxillary premolars and infraorbital foramen/canal. The medial wall of the MA has been displaced and eroded,
whereas the lateral wall has been replaced by striae lined up in the direction of the expansion, presenting as a sunray
spicular pattern. A number of large “soap bubbles” are visible medially. The pattern between the anterior teeth appears
like the honeycomb pattern. (b) Coronal CT at the level of the first maxillary molar displaying almost complete obliteration
of the MA with the exception of the superiolaterally remnant of the lumen, which is no longer air-filled. The inferior aspect
of the MA has been expanded and eroded. The floor of the orbit has been displaced upward and the medial wall medially.
Part of the bone of the inferior concha has been preserved within the lesion. The bone around the roots of the first molar
has been resorbed. (c) Axial CT, at the level of the molar apices, displaying complete obliteration of the MA. The OM has
expanded anteriorly medially and laterally. The periphery of the lesion has parallel striae and loculi, whereas the center of
the OM is devoid of structure. (d) Axial CT, at the level of the infraorbital foramen, showing almost complete obliteration
of the left MA with the exception of a space (no longer air-filled) on the anteriolateral aspect of the lesion, extending from
the widened infraorbital foramen to the anteriolateral angle. Much of the posteriolateral wall is absent. There is a soft-tissue
expansion of the lesion through this perforation. The posterior aspect of this penetration is covered by displaced cortex,
which is juxtapositioned to the lateral aspect of the lateral pterygoid plate. It has a smooth contour and its edges overlap
the lateral aspect of the perforated bone. The medial wall has been displaced toward the nasal septum. The medial bony
wall is largely intact although substantially eroded. There are two bone density opacities within the lesion at the anterio-
medial angle of the MA. Figures (a), (b), and (d) reprinted with permission from MacDonald-Jankowski DS. Fibro-osseous
lesions of the face and jaws. Clinical Radiology 2004;59:11-25.
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Figure 11.28. (Continued).

Figure 11.29. Computed tomography (bone windows) of an odontogenic myxoma arising from the anterior sextant and
involving the maxillary antrum (MA). (a) Coronal CT, at the level of the maxillary canines, displays a well-defined multilocular
radiolucency expanding the buccal cortex. (b) Axial CT, atthe level of the anterior nasal spine, shows a radiolucency, which
has a largely smooth expanded buccal cortex, but a multiloculated medial border. The buccal surface has a small septum
on its internal aspect. The odontogenic myxoma's posterior corticated margin is extending back into the lumen of the MA.
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Figure 11.30. Computed tomography (CT) of fibrous dysplasia (FD) affecting the maxilla that presented with proptosis. (a)
A three-dimensional reconstruction of a case of fibrous dysplasia affecting the maxilla displays the affected side as a coarse
overgrowth of the normal bony profile. (b) A three-dimensional reconstruction of a case of fibrous dysplasia affecting the
maxilla displays an upward displacement of the orbital floor. (c) A coronal CT section behind the globe (eyeball). This bone
window exhibits a substantial soft-tissue element. The upward expansion is substantial and appreciably constricts the orbital
cavity in comparison to the contralateral orbit. (d) A coronal CT section behind the globe (eyeball). This soft-tissue window
more clearly displays the optic nerve and four rectus muscles of the eye.
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Figure 11.31. Computed tomograph (bone window) of fibrous dysplasia (FD) affecting the maxilla. It has obliterated the
maxillary antrum (MA). The FD has expanded the buccal aspect of the maxilla and slightly upwardly displaced the floor of
the orbit. The vertically—directed canal carries the inferior orbital nerve toward the infraorbital foramen.

A100

Figure 11.32. Computed tomography (CT; bone windows) of fibrous dysplasia (FD) affecting the left maxilla and the maxil-
lary antrum (MA). (a) Coronal CT, atthe level of the maxillary canines. The FD extends from the left malar to the midline.
Although the FD has also almost completely obliterated the MA in the coronal plane there are two air-filled spaces superi-
olaterally (zygomatic recess) and medially. The rounded outline of the antral part of the lesion is unusual for FD and is
more indicative of a benign neoplasm, whereas the poorly defined medial margin is indicative of FD. The floor of the orbit
is slightly displaced. The general radiopacity is a ground-glass pattern. The cortex of the inferior aspect of the lateral wall
is not apparent. There is an unerupted tooth within the FD and the follicular space is clear visible. The “boxes” represent
the density measurement sites (in Hounsfield units). (b) Axial CT, of the maxillary alveolus, displays the follicle of the
above-mentioned unerupted tooth. The follicle has no lamina dura. The buccal aspect of the alveolus has been substantially
expanded. (c) Axial CT, at the level of the base of the sigmoid notch. It exhibits the substantial expansion observed above.
The bone of the posterior MA appears normal, and the associated antral lumen is still patent and air-filled.



Figure 11.33. Axial computed tomograph of fibrous dysplasia completely obturating the maxillary antrum and in apposition
with the pterygoid body, which has not been displaced.

Figure 11.34. Computed tomography of FD in Figure 11.30 obturating the maxillary antrum (MA). There is a translucent
zone anteriorly. The FD is firmly juxtaposed with regard to the pterygoid plates and is also partly apposed to the lateral
aspect of the lateral plate. Reprinted with permission from MacDonald-Jankowski DS, Yeung R, Li TK, Lee KM. Computed

tomography of fibrous dysplasia. Dentomaxillofacial Radiology 2004;33:114—118.
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Figure 11.35. These coronal computed tomographs (CT; bone window) display fibrous dysplasia (FD) affecting the man-
dible, the maxilla, the zygoma, and the sphenoid. (a) FD affecting the hemimaxilla and contiguous zygoma. The maxillary
antrum has been completely obturated. Although the predominant pattern of radiodensity is the ground glass pattern, areas
of sclerosis and rarefaction are also apparent. The infraorbital canal running toward the infraorbital foramen is still patent
as a vertical slit. Although the affected hemimaxilla (and also the zygoma) displays substantial buccal expansion and
appreciable medially directed expansion of the lateral wall of the nasal cavity, upward expansion of the floor of the orbit is
minimal. The affected alveolus displays buccolingual expansion. The lack of a cortex on the buccal aspect of the alveolus
should provoke consideration that this may have been biopsied. (b) Medially directed expansion of the lateral wall of the
orbital cavity. The ethmoid air cells are being obturated by the FD affecting the sphenoid. The buccal cortex is intact. (c)
FD affecting the ipsilateral hemimandible and the greater wing and body of the sphenoid. The ethmoid air cells have been
completely obturated. (d) The ethmoid air cells have been completely obturated. The superior and inferior orbital fissures,
although narrower than the contralateral unaffected side are nevertheless still patent. The affected hemimandible exhibits
substantial buccolingual expansion.
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Figure 11.36. Computed tomography (CT) of polyostotic fibrous dysplasia affecting a maxillary antrum (MA) on one side
and the adjacent base of the skull. (a) Axial of another case of polyostotic fibrous dysplasia. The MA of the affected side
has been completely obliterated by the FD expanding outward both the anterior wall of the maxilla and the malar bone.
Nevertheless, the inferior orbital canal has been preserved as has the diameter of the nasolacrimal duct. The latter has
lost most of its cortex. The anterior portion of the lateral wall of the nasal cavity, although retaining its cortex has been
displaced medially. Although the base of the skull has also been extensively affected, the ipsilateral zygomatic arch has
not. Unlike the above canal and duct the FD has completely obliterated the foramen ovale and spinosum. Also it has
crossed the midline. The downwardly expanded base of the skull and the maxilla are still separated by the pterygomaxillary
fossa now both narrowed and lengthened. (b) Coronal cone-beam computed tomography (CBCT) displays the nasolacrimal
canal in a normal patient.

Figure 11.37. This panoramic radiograph displays a complex odontoma presenting as a well-defined radiopacity completely
obturating the posterior part of the lumen of the maxillary antrum. A capsule is apparent as radiolucent spaces on the
superior and anterioinferior aspects of the lesion. A cortex is clearly observed on the lesions anteriosuperior aspect. The
radiodensity of a substantial portion of the lesion is similar to that of teeth. It has displaced the root of the erupted maxillary
third molar mesially. Reprinted with permission from MacDonald-Jankowski DS. Fibro-osseous lesions of the face and jaws.
Clinical Radiology 2004;59:11-25.
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Figure 11.38. A panoramic radiograph (a) and a posterioanterior projection (b) display a well-defined radiopacity within
the maxillary antrum. Upon removal it was found histopathologically to be a complex odontoma. It has prevented the erup-
tion of a molar tooth.
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Figure 11.39. Panoramic radiographs of different cases of florid osseous dysplasia (FOD). Each case displays a different
presentation of the FODs sited in the posterior maxillary sextants and the maxillary antrum (MA). A radiolucent line sepa-
rating the FOD from the floor of the MA can be discerned wholly in (b), (c), and (d) and partially in (a) and (e). Figure (a)
reprinted with permission from MacDonald-Jankowski DS. Florid osseous dysplasia in the Hong Kong Chinese.
Dentomaxillofacial Radiology 1996;25:39—41. Figure (c) reprinted with permission from MacDonald-Jankowski DS. Fibro-
osseous lesions of the face and jaws. Clinical Radiology 2004;59:11-25.
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Figure 11.40. Computed tomography of ameloblastic fibro-odontoma affecting the maxillary antrum (MA). (a) Axial CT
(bone window) through the maxillary alveolus, displaying a well-defined egg-shaped corticated radiolucent area containing
central opacities. There is substantial buccal expansion. (b) Axial CT (bone window) through the middle of the nasal cavity,
displaying a well-defined corticated radiolucent area containing central opacities. The posterior aspect of the posteriolateral
wall of the MA has been outwardly displaced. There is a tooth crown impacted into the anteriomedial angle of the MA.
(c) Coronal CT (bone window) through the maxillary canine, displaying a well-defined corticated radiolucent area containing
central opacities. The floor of the orbit has been upwardly displaced.
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Figure 11.41. Cone-beam computed tomography (CBCT) of bilateral sinus-lift grafts. (a) A panoramic reconstruction dis-
playing the sinus-lift grafts are a bilateral pair of well-defined radiopacities within the posterior maxillary sextants. (b) A
CBCT coronal reconstruction displaying both radiopacities. The left sinus-lift graft is larger and more dense. (c) A CBCT
axial reconstruction of both sinus-lift grafts. (d) The sagittal reconstruction of the left sinus-lift graft showing the formation
of a new bony antral floor over it.

ingly look like pathology may be iatrogenic; they
are sinus-lift grafts.
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Chapter 12

Temporomandibular joint

The temporomandibular joint (TMJ) has three
basic components, the condylar head (Figure 12.1),
joint space, (Figure 12.2), and glenoid fossa and
articular eminence of the temporal bone (Figure
12.1). On conventional radiography, including pan-
oramic radiography, conventional tomography,
bone window helical computed tomography (HCT)
(Figure 12.3a), and cone-beam computed tomogra-
phy (CBCT) the joint space is visualized as a
radiolucent structure by virtue of its wholly soft-
tissue content. The only radiopacities that may be
observed occasionally within this space by the
aforementioned modalities are articular loose
bodies (Figure 12.2). These radiopacities range
from innocent joint mice (isolated bone fragments
from the condyle or temporal bone), synovial
chondromatosis,' and pseudogout (chondrocalcino-
sis).? The last two diseases can erode through the
skull base. Yokota et al. had included chondrosar-
coma and osteosarcoma in the differential diagno-
sis of a case of synovial chondromatosis.?

The anatomical components and disease
characteristics of the soft tissue of the joint space
are displayed by soft-tissue window HCT and espe-
cially by magnetic resonance imaging (MRI) (see
Figure 12.3b, c). Pereira et al. pioneered an incon-
clusive study using ultrasound.*

The first image usually taken of a patient
presenting with symptoms or signs indicating a
TMJ problem is the panoramic radiograph. This
provides the clinician with a lateral view of the
condylar head and neck. Although the width of the
focal plane of the panoramic radiograph is likely
to include the whole width of the condylar head,
the shape of the head can vary between patients.
Nevertheless, if the condyles are symmetrical in
shape and size, it is reasonable to assume they are
normal, particularly in the absence of symptoms.
The significance of flattened condyles, erosions,
and osteophytes (Figure 12.4) are considered later.

Oral and Maxillofacial Radiology: A Diagnostic Approach,
David MacDonald. © 2011 David MacDonald
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The size of the condylar heads can be assessed
first by ensuring that the patient has been properly
positioned within the panoramic radiographic unit
prior to exposure. This may be readily assessed by
comparing the width of the vertical rami and the
molar teeth of both sides. Any difference should
then be compared to the patient. If the patient
displays no difference, the image has been dis-
torted due to incorrect positioning.

After it has been determined that one side is
indeed larger, the clinician needs to determine
which side is abnormal, because the other, smaller
side could be hypoplastic. This can be appreciated
by an abnormally shaped vertical ramus and an
obtuse gonial angle (the angle formed by the lower
border of the mandible and the posterior margin
of the vertical ramus) (see Figure 10.30). Hypoplasia
of one side can result from a developmental acci-
dent such as hemorrhage of the stapedial artery in
utero with disruption of adjacent tissues including
the condylar growth center. It can also occur in
infancy due to radiotherapy. The midline of the
mandible is skewed toward the hypoplastic side
(Figure 12.5b). An increase in size could be due to
hyperplasia, neoplasia, or dysplasia.

Lesions affecting the condyle may arise either
primarily within it, such as the osteoma (Figure
12.5) and chondrosarcoma, or arise elsewhere in
the mandible and subsequently involve it, such as
osteogenic sarcoma (Figure 12.6) and fibrous dys-
plasia (FD) (Figure 12.7).

One report on cases of FD affecting an East
Asian community included 13 mandibular cases,
of which 12 affected the posterior sextant including
the ramus.’ Of these 12, 6 cases affected the
condyle. This high proportion of condylar involve-
ment was not observed for most other lesions
with a predilection for the posterior mandible
affecting the same community. Of the 31 cases out
of 36 ameloblastomas affecting the posterior
sextant of the mandible, 2 involved the condyle.®
Both were of the unicystic variant. One of these
cases is featured in Figure 1.34. It has not replaced
entirely the normal trabeculae of the condyle. The
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Figure 12.1. Temporomandibular joint—condyle and skull base.

condyle was involved by only 1 of the 13 mandibu-
lar KCOTs, which affected the posterior sextant.’
Only 1 of 6 mandibular cases of odontogenic
myxoma approached the condyle.® These results
would suggest that odontogenic neoplasms are
unlikely to reach the condyle even though the
majority arise within the posterior sextant.

Although the TMJ may be spared in most odon-
togenic neoplasms, certainly in the Southern Chinese
community from which the above reports®® were
derived, nevertheless it is likely to be challenged by
the change in jaw dynamics occasioned by these
large lesions and their subsequent management.

In the population at large it is not uncommon
for individuals to experience pain and stiffness
within one or both temporomandibular joints at

least once in their life. These are the clinical hall-
marks of the most common TMJ disease, temporo-
mandibular dysfunction (TMD).

Temporomandibular Joint Disorder

TMD has been subject throughout the decades to
almost the whole gamut of imaging and surgical
modalities. MRI was proposed a decade ago as the
“gold standard” for TMJ imaging but nevertheless
remains controversial.” Despite the existence of a
substantial body of literature in its support, some
have urged caution. Among them are Larheim®
and Limchaichana et al."! The latter’s systematic
review revealed that the published work was not
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Figure 12.2. Temporomandibular joint—joint.

sufficiently rigorous and that not one report had a
high level of evidence.

Limchaichana et al. stated that a verifica-
tion bias was created because the reports were
composed of patients in need of surgery and
thereby sicker than the representative population
that would be investigated upon the report’s find-
ings." Another reason is that they lack a “gold
standard.” This means that if the test and reference
methods co-vary, “the sensitivity and specificity
will often be too high.” Finally, no report consid-
ered “diagnostic thinking efficacy or therapeutic
efficacy.”"

According to Larheim’s consideration of the
literature on TMJ, abnormalities have so far not
been adequately assessed by clinical examina-
tion.! Larheim makes it very clear that a thorough
physical examination should be first performed in
order to identify the data that only imaging can
provide, before any treatment can be planned and
provided.”

Another of Limchaichana et al’s major criti-
cisms was that the reports varied too much in their
methodology, rendering any meta-analysis not pos-
sible." Such variation speaks to the still unsettled

nature of many of the fundamental principals upon
which management of TMD is based. A major
feature of Klasser and Greene’s address “The
changing field of temporomandibular disorders:
What dentists need to know” was the continued
uncertainty about the theoretical basis of TMD."
Nevertheless, they maintained that patients can be
effectively diagnosed and treated by dentists taking
a “low-tech and high-prudence” therapeutic
approach. Invasive, irreversible and aggressive
treatments should, therefore, be avoided.'
Although a panoramic radiograph gives an
overview of the condyle and adjacent structures,
markedly more joint components were accessible
with  sagittal  cross-sectional tomography.’
Unfortunately, tomography becomes time-
consuming, particularly if a bilateral investigation
is required. CBCT has been shown to produce
similar accuracy but in a much shorter time while
imparting perhaps lower radiation dose to the
patient.’*”® The other advantage is that CBCT
images “may be very ‘reader-friendly’ and easy to
become familiar with.” Both modalities were inef-
fective when required to identify flattening of the
condylar head, defects, and osteophytes.!*



Figure 12.3. The bone window computed tomograph (a) and magnetic resonance images (T1-weighted (b), and fat-
saturated T2-weighted (c) are of the same patient investigated for a painful joint after trauma). (a) This displays exquisite
bone detail. The soft tissue in this bone window is a uniform gray, punctuated only by the air-filled external acoustic meatus.
(b) The hypointensity of the cortices of the condyle and glenoid fossa is similar to that of the air-filled external acoustic
meatus. The T1-weighted MR image displays the soft-tissue anatomy in great detail. The isointense (grey) muscle fasiculae
of the lateral pterygoid muscle are clearly obvious inserting into the pterygoid fossa. The interarticular disc appears as a
hypointense (dark) structure in a normal relationship to the condylar head. (c) The hyperintense (bright white) area repre-
sents an effusion into the joint space and is indicative of ongoing inflammation. The hyperintense condylar marrow, which
appeared relatively hyperintense in (b) is now hypointense in the fat-saturated (fat-suppression) T2-weighted image.
Reprinted with permission from MacDonald-Jankowski DS, Li TK, Matthew I. Magnetic resonance imaging for oral and
maxillofacial Surgeons. Part 2: Clinical applications. Asian Journal of Oral Maxillofacial Surgery 2006;18:236—247.
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Figure 12.4. These T1-weighted magnetic resonance images (MRI) display the side displaying partial disc displacement
displayed normal disc position in the open mouth position (a) and anterior disc displacement in the closed mouth position
(b), whereas the side displaying complete disc displacement displayed anterior disc displacement both in the open (c) and
closed(d) mouth positions. The marrow of the condyle is normally fat-filled and is hyperintense on T1-weighted MRI. The
abnormal side exhibits an osteophyte, which gives the abnormal condyle the appearance of a bird’s head. The normal side
displays the meniscus (hypointense disc) properly interposed between the condyle and articular surface in both open and
closed positions. The abnormal side displays anterior disc displacement. Reprinted with permission from MacDonald-
Jankowski DS, Li TK, Matthew |. Magnetic resonance imaging for oral and maxillofacial Surgeons. Part 2: Clinical applica-
tions. Asian Journal of Oral Maxillofacial Surgery 2006;18:236—-247.
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Figure 12.5. The computed tomography of an osteoma
affecting the condylar head. (a) An axial computed tomo-
graph (bone window) displaying the osteoma. In compari-
son with the normal ovoid-shaped contralateral condylar
head, the affected condyle has substantially expanded in
all directions. It has substantially reduced the joint space.
(b) A three-dimensional reconstruction of the osteoma dis-
playing it as an expansion mainly of the medial pole of the
condylar head. There is a midline shift to the unaffected
side and marked facial asymmetry.

The appearance of the above osseous changes
of flattening of the condylar head and small osteo-
phytes, but associated with a smooth cortical out-
line, should be interpreted not as osteoarthritis but
as remodeling." Some flattening of the condyle has
been reported in 35% of symptom-free patients.'®
No erosions or osteophytes were observed in such
patients. '

For the assessment of internal derangement
of the TMJ, MRI is the modality of choice.”
These will now be briefly overviewed. MRI inves-

Figure 12.6. Axial computed tomograph (bone window) of
osteosarcoma affecting the condylar head. The primary
site in the body of the mandible recurred twice after wide
resections (See Figure 10.12). It has now spread to the
condyle. The axial section displays an outline of a normal-
sized and -shaped condylar head surrounded by a sun-
burst halo.

Figure 12.7. This coronal computed tomograph (bone
window) displays fibrous dysplasia affecting the mandible
involving the condyle. The superior or articular portion of
the condyle appears sclerotic and the neck is wider. Note
the lingula.

tigations largely used TI1-weighted image (see
Figures 12.3b and 12.4) to determine the position
of the articular disc.'® An imaging protocol, catego-
ries, and distributions of TMJ disc position in the
mouth-closed position are set out by Larheim and
Westesson.



Although disc displacement is significantly
more frequently prevalent in TMD patients than in
symptom-free volunteers, it can also appear in the
latter group. Because this does not occur in pre-
school children, it can be surmised that disc dis-
placement is an acquired phenomenon that may
develop early in life. Disc displacement on its own
is only part of the TMD story. The presence of joint
effusions and marrow abnormalities optimally dis-
played by MRI, suggest a subset of cases, which
have more severe joint pathology. Fifteen percent
of TMD patients display joint effusion and 30%
display bone marrow abnormalities."

Joint effusion, which is an excess of fluid in
the joint space (see Figure 12.3c) may be associ-
ated with joint pain and inflammatory changes"
and is not displayed by TI1-weighted images;
indeed, it is not even readily visualized on T2-
weighted images. To display a joint effusion, fat
suppression is necessary, which in turn reduces the
scanning time and, therefore, reduces the risk of
movement artifacts.

Fluid in the synovial spaces is displayed as a
hyperintense signal on T2-weighted MRI (see
Figure 12.3c). It has been observed in half of
symptom-free volunteers ranging from just dots or
as a line to a “moderate” amount. The amount of
fluid within the joint space must be a “marked”
accumulation, such as evident in Figure 12.3c, to
be described as an effusion. Larheim reported that
this effusion in two-thirds of cases was found
exclusively or predominantly in the upper com-
partment of the anteriolateral recess. Although the
discs of both joints of most patients were dis-
placed, effusion was predominantly unilateral. The
amount of effusion varied over time and correlated
well with the severity of pain."

The bone marrow appears normally as a
homogeneous bright signal on proton density
images and a homogeneous intermediate signal on
T2-weighted images. Edema of the marrow pres-
ents as a reduced signal on proton density and an
increased signal on T2-weighted images."™

The most reliable presentation of osteonecro-
sis on MRI is the appearance of edema and sclero-
sis of the marrow. Although the designation of
osteonecrosis has been awarded to this presenta-
tion as it is observed with regard to osteonecrosis
of the hip, this condition in the TMJ appears to be
less aggressive. Currently there is no published
evidence to suggest that patients presenting with
this phenomenon should be treated differently."
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Orhan et al. suggested that MRIs of TMIJs
should also be examined for evidence of inflamma-
tory disease, such as otomastoiditis, in adjacent
structures.*

Single photon emission computed tomogra-
phy fused with computed tomography (SPECT/CT)
images, permit attenuation correction of the SPECT
data for TMD by means of anatomical mapping.
However, the diagnostic efficiency is limited by the
10mm wide CT slices, which reduce the spatial
resolution.”

Petersson overviewed TMJ imaging and
related it to the 1992 edition of the Research
Diagnostic Criteria for Temporomandibular Dis-
orders (RDC/TMD).* This overview extended from
panoramic and conventional radiography through
MRI. Although he cautiously identified MRI as the
better but expensive modality, he concluded that
currently there is “no clear evidence for when (his
italics)” it should be used. He suggested that “there
is a need for high-quality studies on the diagnostic
efficacy of MRI that incorporates accepted meth-
odological criteria.”*

Juvenile Idiopathic Arthritis

Juvenile idiopathic arthritis (JIA, also called “juve-
nile rheumatoid arthritis”) is an autoimmune
oligo- or polyarticular disease affecting 1:500 chil-
dren.? Fifty-five percent of cases in a Greek region
suffered uveitis, which can result in blindness.**
Arvidsson et al. reported the craniofacial growth
disturbances related to TMJ abnormality in
Norwegian JIA patients that were followed up for
27 years.” TMJ involvement was 40% of JIA cases,
similar to that in other Scandinavian communities.
“Microstomia occurred with bilateral TMJ involve-
ment only and in 27% in the entire series of
patients.” Nevertheless, “growth disturbances did
not always follow TMJ involvement, not even
when affected early.”*

Simard et al. have just reported in their
nationwide study based on the five registries,
which included Swedish National Patient Registry,
Swedish Cancer Registry, and The Causes of Death
Registry.?® They found a significantly higher risk of
malignancy, particularly lymphoproliferative,
among those JIA patients diagnosed in the last 2
decades in comparison to the general population.
They suggested that this could be due to the newer
treatments, which may affect immune function.?®
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Chapter 13

Imaging of the salivary glands

Introduction

Imaging of the salivary glands includes almost the
entire range of imaging modalities, from conven-
tional imaging through computed tomography (CT),
magnetic resonance imaging (MRI), ultrasound
(US), and positron emission tomography (PET).
Figure 13.1 overviews the main glandular lesions
and their imaging strategies. The classical imaging
technique for salivary gland disease is sialography
(Figure 13.2). Although it temporarily slipped into
abeyance, it has experienced a renaissance due to
its central role in interventional sialography, a ther-
apeutic modality for the conservative (or minimal
surgical) treatment of obstructive glandular disease.
This conservative treatment can also be achieved
under US guidance and may include lithotripsy.
The basic principles of US were introduced in intro-
duced in Chapter 8.

Diseases affecting salivary glands can affect
one or more glands. Affected glands generally
appear swollen or enlarged. This may be accom-
panied by pain, particularly if acute onset, and
perhaps an alteration in saliva flow rate. The last
is usually reduced. Those arising from obstructive
disease or neoplasia most frequently affect one
gland, whereas those caused by systemic disease
affect more than one and frequently present bilat-
erally. Although the smaller major salivary glands
(submandibular and sublingual) can be affected by
the latter it is usually swelling of the larger parotid
glands that is most clinically obvious.

Bilateral Swelling

Bilateral swelling of the salivary gland can be of
rapid onset or chronic. The most frequent cause
for rapid onset of swelling and pain is mumps,
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whereas the chronic swellings are features of
Sjogren’s syndrome and human immunodeficency
virus (HIV) infection.

MUMPS

Acute sialadenitis, such as in mumps, are generally
readily diagnosed by their classical presentation
and so quickly self-resolving that there is little role
for radiology, particularly when mumps presents
within an epidemic and affects young patients.
Nevertheless, presentation in the older patient may
require appropriate imaging, such as US. Radiology
itself may provoke “iodide mumps,” a rare response
to intravenous contrast.

Hitherto, mumps was a significant public
health issue prior to the measles, mumps and
rubella (MMR) vaccine. As a result incidence of
mumps plummeted from the 1960s, only to
reemerge recently among adolescents and young
adults' and in many schools and universities in
North America and Europe.'” The morbidity is
very high: cerebrospinal fluid pleocytosis (occurs
in 50% of all cases), orchitis (up to 30%), and
spontaneous abortion (27%).? There may not be a
single cause; a lack of vaccination, an incomplete
vaccination, or a decline efficiency of vaccination
have been variously proposed.

US is generally not indicated, unless the
mumps manifests unilaterally. On US, mumps-
affected parotid has a rounded shape “with a
convex lateral surface and a hypoechogenic struc-
ture.”® Such a case is displayed in Figure 13.3. This
case was a middle-aged male, who presented with
a rapid onset of bilateral swelling of the subman-
dibular and parotid glands. Early diagnosis and
intravenous immunotherapy may minimize com-
plications of mumps.?

HIV-ASSOCIATED SALIVARY
GLAND DISEASE

Although all salivary glands are affected by HIV,
the parotid glands are most affected due to their
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Figure 13.2. Sialography of a normal submandibular gland. (a) Pre-sialogram panoramic radiograph displaying no radi-
opacities. (b) Panoramic radiograph showing a normal submandibular gland. The “blush” around the terminal ducts repre-
sents some overfilling of the acini. The submandibular gland is of uniform width and displays no filling defects. It follows a
horizontal route until it reaches the posterior margin of the myohyoid muscle and turns sharply downward to the hilum of
the submandibular gland. (c) A true occlusal image displaying the cannula inserted into the submandibular duct through

the submandibular papilla.

inclusion of lymphoid tissue. Three types of lesions
may be encountered: inflammatory reaction to the
virus, lymphomas, and infection.®

The inflammatory reaction is expressed by
benign lymphoepithelial lesions and AIDS-related
cysts. The benign lymphoepithelial lesions appear
on CT, MRI, and US as dilated cystic ducts within
hyperplastic lymphoid tissue. They frequently
cause the painless swellings of the parotid. This

may be bilateral in up to a fifth of cases. On the
other hand AIDS-related cysts appear on the above
modalities as multiple lesions, which are bilateral
in 80% of cases. These benign lesions are generally
not treated and may regress spontaneously.’
Primary salivary gland lymphomas can occur
in any gland and present as a painless mass. Severe
infections of the salivary gland can occur. Lymph
node hyperplasia affects half of the patients. The



Figure 13.3. Adult mumps. (@) Contrast enhanced soft-tissue window axial computed tomograph at the level of the first
cervical vertebra. Bilateral swollen parotid glands are displayed. The accessory lobe and the duct of the right parotid gland
are displayed. (b) Contrast enhanced soft-tissue window axial computed tomograph at the level of the third cervical vertebra.
Bilateral swollen submandibular glands are displayed. The facial vein is observed running on the lateral surface of the left
submandibular gland. (c) The grayscale ultrasound displays diffuse almost symmetrical swelling of both submandibular
glands. The parenchyma has a diffuse heterogeneous hypoechoic presentation, which is consistent with an acute sialadeni-
tis. There are no hyperechoic foci suggestive of sepsis. (d) Color Doppler ultrasound reveals hyperemia, which is consistent
with acute sialadenitis. Figures courtesy Dr. Eli Whitney; Oral Medicine, Faculty of Dentistry, UBC.



posterior cervical nodes are most frequently
affected. Needle biopsy in addition to imaging is
often required to determine whether the node is
reactive, infected or neoplastic. The last may rep-
resent Karposi’s sarcoma, Hodgkin’s lymphoma,
and non-Hodgkin’s lymphoma.®

SIALOSIS

Sialosis is a noninflammatory nonneoplastic phe-
nomenon, which manifests as recurrent painless,
usually bilateral, swelling, principally of the parotid
glands. US displays hyperechoic parotid glands.
Sialosis is associated with endocrine and deficiency
diseases. It also is associated with alcoholism, mal-
nutrition, and cirrhosis.
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SJOGREN’S SYNDROME

The 5-step American-European classification crite-
ria for Sjogren’s syndrome is set out and discussed
by Ellis.® Three-quarters of cases are in females in
the fourth to seventh decades. The parotid is
affected in 90%. Although bilateral disease is typi-
cal, one side may be more severely affected. The
recurring progressive swelling can be accompanied
occasionally by discomfort or even pain. Although
the lobar architecture is preserved, the progressive
parenchymal damage eventually results in the
typical sialectasis obvious on sialography (Figure
13.4). it should be noted that sialectasis is not
pathognomonic for Sjogren’s syndrome because it
can be secondary to infection of the salivary glands.

Figure 13.4. Panoramic radiographs exhibit sialectasis secondary to Sjogren’s syndrome. (a) The sialographic image
displaying irregular ducts and sialectasis or dilations within the substance of the parotid gland. There is a constriction of
the main duct distal to the ducts for the accessory parotid lobe. (b) The emptying film (the cannula is removed) demonstrates
no emptying, meaning that the constrictions of the main are preventing drainage. The emptying film demonstrates that

there is also a constriction close to the parotid papilla.
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Poul et al. reported that high spatial resolu-
tion US is more sensitive than sialography for the
investigation of Sjogren’s syndrome. Furthermore,
they reported that accuracy is increased when US
is carried out in conjunction with sialography.’

Although neoplasms of the salivary glands
have long been displayed by MRI; (see also
Kinoshita et al’s pictorial essay®), preliminary
work by a Japanese team presents MRI sialogra-
phy as an alternative to conventional sialography.
They compared normal and Sjégren’s syndrome
patients® with stimulated® and unstimulated sali-
vary flow."

Bacterial Sialadenitis

Acute sialadenitis, caused by bacteria rather than
a virus as in mumps are generally unilateral. Its
presentation on US may be similar to that observed
in Figure 13.3c and d, but may display hyperechoic
foci suggestive of air within the gland and are
indicative of sepsis. An example of this is Howlett’s
Figure 15. nevertheless, such foci are only occa-
sionally observed in such an infection. Gritzmann
et al. advise that in such situations a meticulous
grayscale US is required in order to detect moving
debris within an abscess. This abscess can then be
aspirated under US guidance.”

Chronic sialadenitis affecting the parotid is
common and manifests as recurrent often painful
swellings with purulent discharge.'* Chronic sial-
adenitis manifests on sialography as dilated irregu-
lar ducts and loss of normal saliva production
(manifest by reduced or no emptying following
removal of the cannula (Figure 13.5). Choi et al.’®
reported a correlation between the grades of inflam-
mation of the sialographic images and the amount
of retention of the contrast medium, and those
with the degree of salivation.

A cause of chronic sialadentitis is obstructive
glandular disease caused by calculi (Figures 13.6
and 13.7) and stenoses (see Figure 13.4). Marchal
et al.'® published under the auspices of the
European Salivary Gland Society the following sia-
lographic classification of salivary duct patholo-
gies, endoscopic classification of salivary lithiasis,
endoscopic classification of salivary stenosis, and
endoscoptic classifications of dilatations.

According to Ngu et al.,”” many of the 36%
of patients reporting the symptoms of obstructive
salivary disease suffered only a single episode. As

a result they do not display any abnormality on
sialography, Therefore, Ngu et al. recommend that
such cases should be initially investigated by US
in order to avoid unnecessary irradiation.

Sialolithiasis accounts for half of major sali-
vary gland disease. According to Iro et al.!® it
accounts for 60 cases per million per year. Its peak
occurs early in the fourth decade.

Although calculi are most frequently calcified
and visible on conventional radiology and on HCT,
some calculi, particularly of the parotid gland, are
noncalcified and therefore translucent. They may
be visualized only by US or by sialography as a
filling defect (see Figure 13.7).

According to McGurk et al.” the submandibu-
lar gland is most vulnerable to sialolithiasis. It
accounts for 63-94% of calculi in contrast to the
parotid’s 6-21%. The sublingual gland is infre-
quently affected. The distribution of calculi is
48.5% at the hilum of the submandibular gland,
29% in the submandibular duct, 9.6% in the
parotid duct, 7.6% in the submandibular gland,
3.6% in the parotid gland and 1.8% at its hilum.
Simultaneous bilateral calculi occurin 1% . McGurk
et al. also report that the size of submandibular
calculi is about 8.5mm in diameter, in contrast to
6.6mm for the parotid.'” They affirm that size
impacts management. Smaller calculi are more
easily eradicated by both lithotripsy and, if mobile,
basket delivery.

Traditionally, calculi lying anteriorly in the
duct within the floor of the mouth have been
released by a simple incision, whereas those more
posteriorly placed have frequently necessitated
adenectomy (removal of the gland) with its atten-
dant morbidity. Current developments in technol-
ogyandtechniquesin minimalinvasive management
of calculi and stenoses have afforded oral and max-
illofacial radiologists a unique opportunity to move
from their traditional diagnostic role into direct
patient treatment. This was made possible by inter-
ventional sialography using wire baskets. This has
since been joined by microendoscopy (and micro-
forceps) and lithotripsy. Retrieval of calculi by
basket or microforceps is the treatment of those
calculi with a diameter less than 7 mm.'®

Recently an European multicenter report on
minimally invasive management of salivary of
4,691 patients over 14 years has confirmed its reli-
ability in calculi elimination; 80% of the calculi
had been successfully removed leaving a function-
ally normal salivary gland.'® It should be noted that



Figure 13.5. parotid sialogram revealing dilated parotid duct system with incomplete emptying indicating reduced function.
(a) Pre-sialogram indicating no calculus or radiolucency. (b) Sialogram displaying extensive dilation of the parotid duct
system. It also reveals a well-defined radiolucency within the vertical ramus not apparent in (a). This artifact arose from
the delineation of escaped contrast medium of an air bubble within the posterior lingual sulcus. (c) Post-sialogram or emp-
tying image exhibits incomplete emptying. The artifact in (b) has now disappeared.
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Figure 13.6. Sialogram exhibiting a dilated intraglandular duct system with delayed emptying. (a) Pre-sialogram image
displaying a calculus. (b) Sialogram displaying a dilated intraglandular duct system. There is also a dilation within the
extraglandular duct just at the genu at the posterior margin of the myelohyoid muscle. Although the position of this dilation
is consistent with the position of the calculus, the central lucency within this dilation suggests that only part of the calculus
is calcified. (c) Immediate emptying shows incomplete emptying. (d) Emptying 5 minutes later shows complete emptying,
returning the image to its precontrast state observed in (a). Note: This case demonstrates the importance of taking a

precontrast image,

this recovery of function was not to its original
level. Nevertheless, only 3% of the gland ulti-
mately had to be removed. Although the remaining
17% of patients retained fragments of calculi they
are free of symptoms. Lithotripsy of the parotid

render 60% calculus-free and relieved a further
30% of their symptoms even although they still
retained fragments.

Strictures of the salivary gland, according to
Ngu et al."” are perhaps more common, and more



Figure 13.7. Sialogram showing a filling defect and sub-
stantial duct dilation, which remain unchanged after empty-
ing. (a) Sialogram displays a filling defect within the main
parotid duct. Both the main and accessory ducts of the
parotid display marked dilation. Little of the normal arbo-
real pattern of the parotid gland is obvious. (b) Only the
duct to the accessory lobe of the parotid has cleared,
indicating that it has normally functioning acini.
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important than previously perceived. This has also
been observed by those using microendoscopy.*
The reason could be because it is not possibly to
distinguish between strictures and calculi on the
basis of clinical presentation. This phenomenon is
best appreciated by sialography because it will
“simulate the meal-time scenario where copious
saliva is produced rapidly.” This is not possible
with other imaging modalities such as ultrasound,
CT, and MRI. Once the stricture has been identi-
fied, it can then be dilated by balloons.*!

Warthin’s Tumor

Warthin’s tumor (papillary cystadenoma lympho-
matosum), the second most common tumor of
the parotid gland, is a benign epithelial tumor
composed of glandular and cystic elements. Its
stroma has lymphoid tissue.?’ The ultrasound,
MRI, and HCT images of a case are compared in
Figure 17.18. Warthin’s tumor’s ability to concen-
trate pertechnetate (99mTc) results in positive
scintigraphy.®

Conservative surgery may have a 5-12%
recurrence, whereas total or subtotal parotectomy
has no recurrence.?® Warthin’s tumor is discussed
further in Chapter 17.

Neoplasms

Salivary gland neoplasms account for less than 3%
of all tumors.** Although the central role of needle
biopsy in the differentiation between malignant
and benign neoplasms is almost unanimously pro-
claimed by the literature,?*?® there are clear sup-
porting roles for advanced imaging modalities;
these are discussed in relation to pleomorphic sali-
vary adenoma (MRI in Chapter 6 and HCT in
Chapter 17) and malignant neoplasms of the sali-
vary glands in Chapter 18.

Needle biopsies are fine needle (aspiration)
and core needle; the former provides a specimen
for cytology, whereas the latter delivers a core of
tissue for histopathological evaluation. Recent
reports came down strongly in favor of the core
needle method.””*® Pratap et al.’’ preferred US-
guided core needle biopsy because it is very safe
(only one case with complications, a subclinical
hematoma). They found that only 4% of the core
biopsies were not diagnostic in contrast to 26 % for
fine needle aspiration cytology.
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Breeze et al. using core biopsies acquired
under US guidance,” cautioned that because the
samples are usually taken from the center of the
lesion, the capsule is usually absent. This may lead
to a wrong diagnosis, because infiltration of the
capsule in an otherwise histopathological benign
lesion would have been missed.

Palpation and MRI were superior to US for
prediction of a tumor’s location according to de Ru
et al.?® It is important to add at this point that the
quality of US and its interpretation is very depen-
dent upon the excellence of the equipment and the
technical and interpretative abilities of the opera-
tor. Furthermore, the use of US guided needle biop-
sies by surgeons with or without input by the
radiologist is likely to continue to grow because it
is more likely to be more readily available than an
MRI, which at best gives the predictions as to
whether a lesion is benign or malignant.®

The literature is mixed in its reporting of the
relative effectiveness of fine needle biopsies and
MRI. Generally both are similarly predictive of
benign and malignant lesions. Paris et al. reported
that both together reduced false negatives.’® US-
guided needle biopsy was highly specific for malig-
nancy,* enabling more reliable preoperative patient
counseling and reduced pathological surprises at
operation and after the surgical specimen had been
acquired. Inohara et al. added that MRI should be
reserved until the needle biopsy “shows the indica-
tion for surgical intervention.”*

PLEOMORPHIC SALIVARY ADENOMA

Pleomorphic salivary adenoma (PSA), also more
simply called pleomorphic adenoma, is the most
common salivary gland neoplasm. Although it is
benign, its capsule is not always intact and it has
satellite micronodules. Early diagnosis and treat-
ment is important because it may undergo malig-
nant transformation, particularly if it has persisted
for over 10 years.*

Although formerly large PSAs were detected
as filling defects in sialograms in modern practice,
it may be best to first evaluate it by US, if available,
and more definitively by MRI (see Figures 6.2-4,
11 and 17.17).

Although the superficial parotid and other
salivary glands are readily accessible to investiga-
tion by US and needle biopsy, this is less true for
the deep extension of the parotid. Brunese et al.
observed that multiphasic CT with an 8-minute

acquisition permitted differentiation of all PSA
from Warthin’s tumors and malignant salivary
gland neoplasms.” The PSA is further discussed
in Chapter 17.
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Chapter 14

Fractures of the face and jaws

Fractures of the facial skeleton occur due to assault,’
traffic accidents,* and sporting accidents.’ The last
has become increasingly important primarily due
to the increased popularity of skiing and snow-
boarding.? Although snowboarding injury cases are
twice as likely to produce facial fractures than
those caused by skiing, skiing is more likely to
result in more than one facial fracture.’ The traffic
accident cases, despite regulations with regard to
seat belts, helmets, and child seats, account for
46% of all facial fractures in a recent Brazilian
urban report, whereas assault and sports account
for 26% and 6%, respectively.?

Cross-sectional imaging is frequently required
for fractures of the skeleton of the midface. These
fractures are generally complex (Figures 14.1-
14.3), reflecting the midface’s complex anatomy,
which contains the eyes and nose. The classical
fracture patterns of fractures of the middle third of
the face are the LeFort I, II, and III, (Figure 14.1)
and the zygomatic (also called malar) fractures
(Figure 14.2).

Of the fractures caused by violence reported
by Salonen et al., the most common was the frac-
ture of the nasal bones (35%). LeFort and zygo-
matic fractures account for 8% and 18%,
respectively.! Twenty-six of their 48 cases of LeFort
fractures were asymmetrical. Six of the 22 sym-
metrical cases each displayed bilateral LeFort I, II,
and III fractures. Figure 14.3 displays a 3-D recon-
struction of a violent assault case displaying all
three LeFort fractures, fractures of the nasoeth-
moid complex and the mandible.

Fractures of the mandible are usually simple
(Figures 1.12, 14.3-14.5) because of the mandi-
ble’s shape. The mandible may be described as a
bent long bone with a synovial joint at each end.
Nevertheless, complex fractures of the mandible
can also occur (Figure 14.6.). Furthermore, sub-
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stantial swelling, which makes the clinical evalu-
ation of the patient difficult, can quickly follow
severe facial trauma. Thai et al. reported that the
clinical examination was accurate in only two-
thirds of mandibular fractures,* thus emphasizing
the importance of radiology to the assessment of
the fractured mandible.

The panoramic radiograph had been held by
some to be an “unofficial gold standard” for
imaging fractures of the mandible.” Roth et al.
reviewed both the panoramic radiographic and
HCT images of 217 patients.® They found that HCT
identified more fractures, particularly those of the
angle, ramus, and condylar neck, than the pan-
oramic images.® Preda et al. reported that many of
their patients with complex maxillofacial fractures
benefited from the HCT’s short scan time because
of their multiple trauma and possible damaged
organs that were not yet fully stabilized.”

Dean et al. reported that although the inci-
dence of life-threatening hemorrhage of facial frac-
tures is low (0.33%), when it does occur the risk
of death is high.® Nearly a quarter of their 19 cases
died after receiving a mean of 9.5 units of red
blood cells. Although other injuries contributed to
the deaths in most cases, they reported no deaths
inthe casestreated by arterial ligation.® Nevertheless,
due to ligation’s higher morbidity, Dean et al.
advise the use of radiological embolization (by
angiography) as a better alternative. Their protocol
(see their Figure 10) clearly indicates that radiolo-
gists should perform this.®

The traumatic force that caused the facial
injury is more likely to cause serious injury to the
eye, the cervical spine, and the brain than a severe
hemorrhage. Salonen et al. reported that 44% of
assault victims with facial fractures had not only
sustained multiple noncontiguous facial fractures
(likely to result from repeated blows), but 26 % had
orbital fractures and 6% had base-of-the-skull frac-
tures.! Although a suggestion that HCT could be
considered routinely for facial injuries would be in
conflict with the need for clear clinical indications
for radiography, the decision to prescribe CT may



Figure 14.1. The LeFort fractures of the midface. Red—LeFort |. Blue—LeFort Il. Green—LeFort Ill (fracture through the

base of the skull and therefore a neurosurgical referral). Acknowledgment: Bruce McCaughey, Senior Photography/Audio-
Visual technician; Faculty of Dentistry; University of British Columbia.

Figure 14.2. Zygomatic fracture, also called malar fracture. Acknowledgment: Bruce McCaughey, Senior Photography/
Audio-Visual technician; Faculty of Dentistry; University of British Columbia.
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Figure 14.3. A computed tomographic 3D reconstruction of a case features multiple facial fractures. (a) LeFort I; (b) LeFort
II; (c) LeFort lll; (d) zygomatic fracture; (e) fractured mandible—midline; (f) fractured mandible—condyle; (g) Nasal complex
fracture. Note: Left zygomatic bone articulations with adjacent frontal and temporal bones are still intact. Acknowledgment:
Dr. lan Matthew; Faculty of Dentistry; University of British Columbia. Figure 14.3c reprinted with permission from MacDonald-
Jankowski DS, Li TK. Computed tomography for oral and maxillofacial Surgeons. Part 1: Spiral computed tomography.

Asian Journal of Oral Maxillofacial Surgery 2006;18:68—77.

have been made to address the imaging needs of
other head and neck specialists, who may have a
more pressing interest in the same patient.
Holmgren et al. found that 84% of those head
trauma cases investigated by HCT did not require
a further HCT to investigate concurrent facial
trauma.’

Jamal et al. suggest that an ophthalmic exam-
ination should be undertaken preoperatively of all
zygomaxillary fractures, because 10% of these
fractures are associated with major or blinding
injuries to the eyeball itself and a further 6% with
traumatic optic neuropathy.”

Lee et al. reported that fractures of the orbital
floor and medial wall each accounted for a third

of all orbital fractures.” In addition to the blow-out
fracture in which the orbital contents expand into
adjacent cavities, there are also blow-in fractures."
Enophthalmos is indicative of a severe orbital
blow-out."? HCT permits better appreciation of
injury to the optic nerve at its passage through the
optic canal at the time of first presentation. Early
use of CT in the diagnosis of nasoethmoid orbital
fractures in conjunction with aggressive treatment
will optimize the success of the outcome, minimiz-
ing later postoperative deformities."

Cervical spine fractures accompany 6.7% of
all maxillofacial fractures in the United States of
America.!* Elahi et al. reported that the 6 and 7
cervical vertebrae were affected in 41% of their
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Figure 14.6. Computed tomography of comminuted frac-

Figure 14.4. Panoramic radiograph displaying an undis-
placed fracture through the paramedian mandible of this
12-year-old. The two fracture lines indicate fracture of the
buccal and lingual cortex rather than comminution.

Figure 14.5. Posterioanterior projection of the mandible
showing a fracture on the left. The mandible is pencil-thin.

cases of cervical spine injury.” Therefore all seven
cervical vertebrae should be included in any
imaging protocol of the cervical spine. Mithani et
al. report that fractures of the upper face are associ-
ated with injury to the middle and lower cervical
spine, and unilateral mandibular fractures are asso-
ciated with injury to the upper cervical spine.!

ture of the mandible. This fracture is accompanied by sig-
nificant facial and neck swelling. Figure courtesy of Dr.
Martin Aidelbaum, Faculty of Dentistry, University of British
Columbia.

Fractures of the middle face are associated with
base-of-skull fractures and intracranial injury.'®
Bilateral middle facial fractures are more associ-
ated with death."

The use of CBCT technology (see Chapter 5)
has been successfully transferred to the operating
room or theater by incorporation of a C-arm.
Pohlenz et al. reported that two-thirds of their 177
patients imaged with such a unit were facial and
mandibular fracture cases.!” Postoperatively this
technology allowed immediate revision of the
surgery. Although at the time of writing (2010)
there appears to be no other objective reporting of
the application of CBCT to the diagnosis and man-
agement of facial fractures, Shintaku et al., using
HCT literature on facial fractures, have endeavored
to illustrate how CBCT may be applied to facial
fractures.'®
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Chapter 15

Osseointegrated implants

Introduction

Prosthodontics has become one of the more excit-
ing areas in dentistry due to the development of
two disruptive technologies: osseointegrated
implants and cone-beam computed tomography
(CBCT). Although the American Academy of Oral
and Maxillofacial Radiology (AAOMR) recom-
mends that some form of cross-sectional imaging
be used for preimplant assessment' not all jurisdic-
tions demand this; the European Association for
Osseointegration (EAO) does not.? It declares that
the “choice of technique is based on the lowest
dose giving the required diagnostic information.”
Nevertheless, this report did not include CBCT
compelling the European Academy of Dental and
Maxillofacial Radiology (EADMFR) to issue its
“Basaic principles for the use of dental cone beam
CT.”

In many communities, the osseointegrated
implant, which will now be simply referred to as
the “implant,” has become the treatment of choice
for replacement of one or more missing teeth.
Current implant placement can be successful when
the cases have been properly selected and the pro-
cedure properly executed. A recent systematic
review reported survival of implants placed in the
completely edentulous mandibular and maxillary
arches.” The results are summarized in Table 15.1.

Although training for implants is clearly a
postgraduate activity in most jurisdictions, this
training includes an in-depth understanding in the
field of oral and maxillofacial radiology, dentoal-
veolar surgery, and the principles of modern
prosthodontics. Because different specialties are
involved, a team approach is commonly required
to optimize planning.

Success of the dental implant depends largely
on the thorough preoperative assessment of the
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patient’s medical and oral condition. With regard
to the latter, the oral and maxillofacial radiologist’s
role is superlative. This requires assessment of the
alveolar bed on and around the prospective
implant. The anatomy, quantity, and quality of
alveolar bone determines the suitability for implant
placement and the appropriate size, length, and
position of the implant (Figures 15.1, 15.2). All
implant planning is made with some form of radio-
graphic investigation. The range of imaging
methods for implant assessment varies consider-
ably. It can be anything from simple intraoral peri-
apical radiography to helical computed tomography
(HCT) and CBCT (Table 15.2). Other imaging
methods such as magnetic resonance imaging
(MRI) and ultrasonography (US) have been
explored with limited success and will not be con-
sidered further.

Because conventional intraoral and pan-
oramic radiographs can provide only anatomical
information in the 2-dimensional (2-D) mesiodistal
plane, some form of tomographic or 3-dimensional
(3-D) imaging is needed to demonstrate anatomy
in the buccolingual plane. This enables measure-
ment of the width of the alveolar bed. These images
can be obtained in an analog (film) or in a digital
format. Each has its own measuring and calibra-
tion system to ensure relatively accurate measure-
ment. Projection magnification, which varies
widely, particularly for panoramic radiography, has
to be accounted for.

To maximize the chance for successful osseo-
integration, implants have to be placed accurately
in the alveolar bed in a 3-D space. The objective
is to have an adequate area of contact between the
implant and sound alveolar bone, while avoiding
anatomical hazards such the as mandibular canal,
incisive canal, maxillary antrum, and submandibu-
lar fossa. Although Vazquez et al. have shown that
panoramic radiography can be considered a safe
preimplant assessment modality for routine poste-
rior mandibular implants “if a safety margin of
at least 2mm above the mandibular canal is



Table 15.1. Summary of the survival of implants from the systematic review of
implants in completely edentulous arches

Mandible Maxilla

Fixed Removable Fixed Removable
5-year survival 97% 96% 88%
10-year survival 91% 95% 81%
15-year survival 82% 70%

Figure 15.1. The panoramic and cross-sectional reconstructions of cone-beam computed tomography of two cases (a,b
and c,d) display edentulous alveolar processes with good bone height and quality for both jaws.

Figure 15.2. The panoramic and cross-sectional reconstructions of cone-beam computed tomography of two cases (a,b
and c,d) display edentulous alveolar processes with reduced bone height and quality for both jaws. Note that for both cases
the floor of the maxillary antrum is separated from the oral mucosa by only a cortex, This is particularly apparent in b.
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Table 15.2. A comparison of the main features of 6 imaging modalities that can be employed in preimplant assessment

Intraoral radiography -+ N
Panoramic radiography -+ N
Linear tomography +++ Y
Complex motion tomography ++ Y
Helical computed tomography + Y
Cone-beam computed tomography ++ Y

None if paralleling Upright
technique is used

++++ Upright
- Upright
++ Upright
Supine
Upright

< < Z2 Z2 Z2

N Z2 Z2 <

<

Key: EPR, electronic patient record; N, no; Y, yes.
The number of + (+ to +++++) indicates an increased facilitation of quality of a feature.
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Figure 15.3. Cone-beam computed tomography (CBCT)
displaying perforation (indeed, replacement) of the labial
cortex by the implant. This implant has failed.

respected,”” buccal or lingual cortical plate perfora-

tion can occur easily without adequate apprecia-
tion of the buccolingual dimension (Figure 15.3).
Therefore, this objective can be achieved only
when the anatomy of the alveolar bed is clearly
visualized in a multiplanar or a 3-D format. Many
anatomical hazards, mandibular and incisive
canals, foramina, concavity of cortical plate, and
thin alveolar ridges cannot be demonstrated with
conventional radiography; these will be considered
at the end of this chapter. Therefore, cross-sectional
imaging is required. The cross-sectional imaging
modalities that have been applied to preimplant
assessment are linear tomography, complex-motion
tomography, HCT, and CBCT.

LINEAR TOMOGRAPHY

This type of tomography is not recommended by
the AAOMR for implant imaging.' Linear tomogra-
phy has been reported to be subject to distortion.°
Some dental panoramic machines include linear
tomography. Linear tomography demonstrates the
anatomy of a section of the jaws in a flat bucco-
lingual plane. Typical slice thickness is about
3-6mm and each examination series would consist
of three to four tomographic cuts covering a one- to
two-teeth region. There is typically a magnification
of 1.4. Special calibrated rulers or magnified overlay

transparence are used to measure the exact dimen-
sion of the jawbone on the film.

The general spatial resolution of the images
is poor (Figure 15.4), but it still provides an image
of sufficient quality to show obvious anatomical
features, such as the maxillary sinus and the sub-
mandibular fossa. When no other superior imaging
method is available, linear tomography is superior
to conventional 2-D imaging alone.

The panoramic radiographic machine has to
be adjusted to perform linear tomography with a
custom-made head positioning device such as a jaw
registration block. The procedure is complicated
and technique-sensitive because the imaging plane
is determined by the exact head positioning. Unless
very experienced, most clinicians find this exami-
nation troublesome. The inferior image quality and
complicated procedure have limited its utility.

COMPLEX MOTION TOMOGRAPHY

Complex motion tomography includes spiral and
hypocycloidal tomography. Bou Serhal et al. dem-
onstrated that their spiral conventional tomo-
graphic unit displayed very good localization of the
mandibular canal “if the clinician takes into con-
sideration the maximal overestimation encoun-
tered with this technique and if precautions are
taken during the radiographic procedure, e.g., posi-
tioning of the head and immobility during scan-
ning.”” Hypocycloidal conventional tomography
is reported to create the best blurring of objects
outside the focal trough. Spiral conventional
tomography has been demonstrated to provide
very good display of the mandibular canal. A more
recent report indicated that spiral tomography sig-
nificantly changed presurgical treatment plans.®
Complex motion tomography was most fre-
quently used for preimplant assessment, prior to
the advent of CBCT. The Scanora (Figure 15.5)
and Cranex both use spiral tomography, whereas
the CommcCat uses hypocycloidal motion. Their
complex motion produces very even blurring of
objects outside the focal trough, thus enhancing
the clarity of the structure of interest. The Scanora
uses a rotating anode X-ray tube, which has a
much higher loading factor and a smaller focal
spot. The quality of these sectional images is sig-
nificantly better than the linear ones. With a larger
swing angle, the slice thickness can be reduced to
2mm. A typical examination series would cover a
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Figure 15.4. Linear tomography of implant site preimplant (a,b) and postimplant (c,d) assessment. Views a and c are
panoramic radiographs. Views b and d are linear tomographs. The spatial resolution is poor.

one- to two-teeth region. The magnification factor
for Scanora in buccolingual tomography is 1.7. A
typical series of projections for a one- to two-teeth
region takes around 2 minutes. The spiral move-
ment of the film cassette holder in front of the
patient’s face can induce dizziness in sensitive
patients. Patients are advised to close their eyes
during exposure because any patient movement
during exposure would cause unacceptable move-
ment artifacts.

Both linear and complex-motion (especially
spiral) tomography can be acquired using an analog
(film) or a digital system. The radiation dose for
one or two sections is similar to one panoramic
radiograph. Multiple implant sites require multiple
exposures. A full mouth assessment would take up
to 15 projections and would be very time consum-
ing. Therefore, complex motion tomography is best

used for planning of relatively simple implant cases
that need only one or two implants.

HELICAL COMPUTED TOMOGRAPHY

HCT requires a dedicated high amperage power
line in order to sustain the high tube current and
long exposure. Special cooling of the CT room is
needed to remove the heat generated by the tube
head. Therefore, it is best situated in a hospital.
The basics of HCT are discussed in Chapter 4.
The major advancements in HCT are in large
partdue to improved computer power and upgraded
image sensors. The scan time can be very rapid.
The scan for the maxillofacial region for implant
planning in a 64-slice machine is around 5-10
seconds. The reconstruction time is only a couple
of seconds; by the time the patient has left the HCT
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Figure 15.5. Scanora unit (a). The panoramic radiograph (b) and two transverse sections (c) of an unerupted maxillary

tooth.

table, the images are ready for viewing. The work-
station of the machine, besides storing patient files,
is also loaded with a wide range of image viewing
software, such as multiplanar reformatting, 3D
reconstruction using surface shade display, or
volume rendering methods. Most of these are intro-
duced in Chapter 4.

The original viewing software for implant
planning is called Dentascan (General Electric,
Pittsfield, USA), which is still extensively used.
This is a form of multiplanar reformatting, which
reformats sectional images perpendicular to the
dental arches. The results are high-quality diagnos-
ticimagesthat are calibrated to life size and printed
on films. The clinician can make measurements
directly on films using a standard metric ruler to
obtain accurate dimensional measurement of the
alveolar bed and jawbones. Because the image is
set to be perpendicular to the occlusal plane, mea-
surement in an oblique plane is not possible.

All image data from HCT is stored in Digital
Imaging and Communications in Medicine (DICOM)
format. It was created by the National Electrical
Manufacturers Association (NEMA, USA) to aid the
distribution and viewing of medical images, such
as CT, MRI, and US. This image file format is not
compatible with ordinary personal computers.
Special DICOM viewer software has to be included
to view the files.

Some clinicians still prefer to have the CT
images printed on analog format (films) for easy
viewing. However, images once printed cannot be
adjusted for window width and window level (see
chapter 4). There is a loss of information in the
transfer of data from the scanning computer to the
printer. Unless frequently calibrated, the radio-
graphic printer can lose its dimensional accuracy
after repeated use. In time, the volume of CT films
can grow considerably, complicating storage and
easy file retrieval. Digital diagnostic images are



best viewed digitally, that is using a computer
monitor. Clinic layout must be changed to facilitate
easy assess to a large, high-quality computer
monitor both for dentist and patient viewing (see
Chapter 2.).

Modern HCT provides high-quality sectional
images with good spatial resolution. Its benefit is
somewhat offset by relatively high radiation dose
and high equipment costs. The typical radiation
dose for an HCT is at least 100 times that of similar
examination by linear or spiral tomography.?
Considering that implant treatment is for rehabili-
tation of dentition rather than for detecting life-
threatening pathology, the high radiation dose
imparted by HCT is rightly a concern for the clini-
cians and their patients.

Most HCT facilities are operated by medical
radiologists and radiographers and give priority to
medical patients. Some dental practitioners may
find that the medical CT center has difficulty
understanding the special needs of dental implant
surgery. Unless there is good communication and
understanding between the medical radiologist and
referring dental practitioner, the full benefit of HCT
may not be realized. For the best results, there
should be zero gantry tilt and the patient’s occlusal
plane should be vertical. It is difficult to assess and
align the occlusal plane in an HCT supine setting.
The head holder is rigid and not adjustable.

CONE-BEAM COMPUTED TOMOGRAPHY

CBCT scanners have been available for craniofacial
imaging since 1999 in Europe and 2001 in the
United States. At present, all major manufacturers
of dental X-ray equipment have CBCT. Some
machines are cone-beam only equipment (see
Figure 5.5a); others are add-on extras onto stan-
dard panoramic radiographic machines (see Figure
5.5b). The hybrid machine offers the choice of a
standard panoramic radiographic and a cone-beam
volumetric scan. The basics of CBCT have been
addressed in Chapter 5.

The detector on CBCT can be an image inten-
sifier or amorphous silicon flat panel detector
(FPD). FPD produces high spatial resolution and
contrast in hard tissue. In preimplant assessment,
it is more important to exam the hard-tissue
anatomy. Therefore, it is better to use CBCT with
an FPD. The size of the detector’s field of view
(FOV) also determines the volume of tissue
includedin each scan. Therangeisfrom 37 x 50 mm
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to 160 x 220mm. This covers a region of from one
or two teeth to the whole skull to suit individual
clinical requirements. For complete implant plan-
ning, it is advisable to have a machine that covers
at least one whole jaw and the occlusal table of
the opposing arch. This enables implant planning
to be done with the opposing occlusion in mind.
The amount of occlusal clearance may determine
the site for implant placement.

Unlike HCT, CBCT was designed and devel-
oped for dental practice. CBCT is compared with
HCT in Table 15.3.

The scan time for CBCT is between 10 to 40
seconds depending on the required spatial resolu-
tion. The radiation dose can be less than linear or
spiral tomography for multiple sites in the same
arch.

The machine itself is relatively simple. Only
one center of rotation is needed for CBCT com-
pared to the complex rotational geometry required
for the modern panoramic radiographic unit. CBCT
basically consists of an X-ray generator on one end
and FPD on the other end for a simple rotational
movement. The need for repair and maintenance
is minimized improving its reliability. CBCT usually
operates at a higher kV than the panoramic radio-
graphic unit. The range is from 75 to 120kV. Some
machines use pulsed X-ray for further dose
reduction.

A major problem in any CT scanning of the
jaws is image artifacts caused by metallic restora-
tion in the dentition. Such artifacts in fan-beam
systems (see Figure 5.1), as used in HCT, occur
only in the axial (horizontal or parallel to the
occlusal plane), whereas in cone-beam systems
(see Figure 5.1), as used in CBCT, they also occur
in the vertical plane.’ Nevertheless, because the
region affected by the beam hardening receives
information from other angles, the streaks are
shorter than they would be for HCT.’

High density alloys in crowns (the atomic
number of gold is 79) and large amalgams (the
atomic number of mercury is 80 and of silver is
47) significantly attenuate the primary X-ray beam.’
This produces opaque radiating lines around the
restorations or apparent radiolucencies on the
adjacent teeth due to extensive beam hardening
(see Figure 4.9). The patient should be positioned
so that the occlusal plane is parallel to the central
ray. This would limit the streak artifact to the
coronal part of the dentition. The more important
alveolar bone and adjacent vital structures can still
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Table 15.3. Cone-beam computed tomography versus helical computed tomography

Advantages

1. Cost of CBCT is approximately 4—8 times less than HCT.

Because the CBCT is substantially lighter; no floor strengthening is required.

2
3. The CBCT's footprint is smaller.
4

CBCTs have better spatial resolution (i.e., smaller pixels) than the best HCT; 0.1 to 0.4 mm voxel size,
respectively. The spatial resolution of CBCT is often higher than practically needed for implants, which is usually

0.2mm voxel size.

5. CBCT, unlike HCT, uses isotropic cuberilles; therefore, the spatial resolution is just as good in the Z (long) axis

as it is in the XY (axial) plane. See Chapters 4 and 5.

© ©o N o

different CBCT makes.

No special electrical requirements are needed for CBCT.
Unlike HCT, the room does not need to be cooled for CBCT.
CBCT is very easy to operate and to maintain; little technician training is required.

Radiation dose is considerably less than with a medical CT. Radiation dose can vary substantially between

10. CBCT exposes the patient in the upright position, the same as for a panoramic radiograph, and is associated with

good patient tolerance

11. When the use of CBCT units with a field of view (FOV) of 8cm x 8cm or less and is confined to the jaws, they
need to be read only by a specially trained general dental practitioner or specialist.

Disadvantages

1. Because the contrast resolution for CBCT is only 12 to 14 bits in contrast to 16 to 24 bits for HCT, differences
between soft tissues can be appreciated only in the latter.

2. Both because of the preceding point and the fact that the patient is investigated in the upright position in CBCT,

intravenous contrast cannot be used for CBCT.

3. CBCT units using a lower kilovoltage may experience spray artifacts from titanium implants. Titanium may cause
less artifact with high kilovoltages because of its lower atomic mass (see discussion in text).

4. Related to Advantage Point 11, when the (FOV) of the dataset of HCT is greater than 8cm x 8cm and/or
includes extragnathic structures, the images need to be reviewed and reported on by a radiologist.

be visualized without artifact. The use of higher
kV helps reduce the streak artifact because of
better penetrating power. A conclusion of Draenert
et al’s report is that a unit operating at a higher
kilovoltage may minimize metallic artifacts.” They
found that their 4-row multidetector computed
tomography (MDCT), operating with a kV of 120,
accurately reproduced an implant in vitro in con-
trast to the original NewTom (9000) operating at
85kV. Other possible reasons could be fewer
primary rays, software problems, X-ray beam
geometry, and filtration. This important issue has
not yet been fully addressed at the time of this
writing (2010). Extensive bridgework or other res-
torations using metal can disrupt any CT image

(Figure 15.6). In extreme cases, when the patient
needs to have bridgework replaced and implant
placement, the bridge can be removed prior to
exposure by CBCT.

All implants are made of titanium, which has
an atomic number of 22. Although it does not
cause metallic artifacts when scanned by 120kV
MDCT,’ Draenert et al. queried whether that would
also hold for a 120kV CBCT, because of other con-
founding factors already mentioned.’ This is par-
ticularly important for CBCTs taken of a patient
who already has implants (Figure 15.7). Recently
Schulze et al. reviewed the beam hardening of two
CBCT units, in vitro.” Schulze et al. compared the
beam hardening at 80kV and 110kV. They found
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Figure 15.6. (a) Sections showing measurements (Dolphin) made on data from an iCAT scan. (b) 3D reconstruction of
the mandible with the mandibular canal indicated by a green line. Figures courtesy of Dr. Babak Chehroudi, Faculty of

Dentistry, University of British Columbia.

that the beam hardening was more pronounced for
80KkV."

Currently, increasing numbers of dental prac-
titioners have installed CBCTs in their clinics,
mainly because of the unprecedented diagnostic
power and convenience provided by CBCT. The
use of CBCT for implant planning has become the
generally accepted modality for pre- and postop-
erative assessments (Figure 15.7). Furthermore,
CBCT (iCAT) imparts less radiation to the eye lens,

all three major salivary glands, and the thyroid
than HCT and the Scanora.”

Computer-Aided Planning

Because CBCT is routinely prescribed—particularly
in North America and Asia—for preimplant assess-
ment, the anatomy of the jaws and adjacent struc-
tures, such as the maxillary antrum and nasal



Figure 15.7. Cone-beam computed tomography of a case that has had maxillary antral lift. (a,b) The reduced height of
the maxillary alveolus. (c,d) The increased height after maxillary antral lift. (e,f) Implant has osseointegrated. Figure 11.41
displays bilateral maxillary antral lifts. Although there is good osseointegration between the implant and the bone, it is
deficient on the implant’s distal aspect.
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cavity, are demonstrated with a high spatial resolu-
tion and viewed in multiplanar reformatting or
3-D, which facilitates computer-aided planning.
This also provides a simulation of the preoperative
situation and the projected postoperative result in
3-D. This patient to virtual-patient simulation to
patient is enormously facilitated by the use of sur-
gical stents (discussed later). The resultant recon-
structions (simulations) facilitate clinician-patient
communication. Although this kind of reconstruc-
tion is made possible only by CT scanning and
special computer software, it is still reliant upon
the surgeon positioning the implant of the correct
size precisely in the sites chosen by the clinician
who will provide the definitive restoration. This
not only presupposes that a surgical stent is sup-
plied with the prescription to the surgeon, but that
the entire dataset has been carefully reviewed to
identify anatomical features that may complicate
the desired outcome. These anatomical features are
not just the mandibular canal, mental foramen,
and maxillary antrum, but also other important
structures such as accessory mental foramen, man-
dibular incisive canal, lingual foramen, concavities
(particularly on the lingual mandible), floor of the
mouth, nasopalatine (incisive) canal, and thin and
inclined incisal alveolar ridges.

After scanning, all anatomical data is calcu-
lated in a 3-D matrix but stored as a series of axial
slices (Figure 15.8). Depending on the resolution
and slice thickness, the number of axial slices can
range from 30 to 300. Common axial, coronal, and
sagittal views are not the best way to demonstrate
anatomy in the dentomaxillofacial complex. The
macxilla is pyramidal and the mandible is U-shaped;
hence they not easily interpreted in simple planar
originations. The HCT scan is usually viewed using
special software to reformat images in a curved or
oblique plane. It is even better to view the jaws
with 3-D reconstruction.

In 3-D reconstruction, clinicians can select
different thresholds for tissues of different densi-
ties. These thresholds set the range of CT number
(Hounsfield unit, HU) for pixels to be displayed.
The reconstructed image can selectively display
teeth, bone, or soft tissue. A combination of differ-
ent tissues with different transparency and color
can give very realistic reproduction of the patient’s
anatomy (see Figure 4.8). This type of multilayer
3-D display is also called volume rendering. Until
quite recently, this sort of 3-D volume rendering
processing could be done only on a medical CT
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workstation by very expensive hardware and
software.

Some advanced software provides computer-
aided diagnosis and planning. Representative soft-
ware are Simplant (Materialise, Leuven, Belgium),
NobelGuide (Nobel Biocare, Zurich, Switzerland)
and Dolphin Implanner (Dolphin Imaging and
Management Solutions, Chatsworth, USA). These
have been especially developed to assist dental
practitioners to perform preoperative planning.
They contain the size and shape of commonly
available implants for the clinician to select and
place in the patient’s alveolar bed as captured by
CBCT. The clinician can appreciate the placement
of the implant in a virtual computer simulation.
This provides the clinician with a presurgical 3-D
review of the desired postoperative result. The best
position of the implant is often oblique. Therefore,
the 3-D presentation of alveolar ridges is much
better than any section simply orientated in axial,
coronal, or sagittal planes—the standard recon-
structions of the data capture by HCT. Furthermore,
the spatial resolution of the 3-D of data captured
by CBCT is superior to that of HCT, not simply
because of its far superior spatial resolution in the
axial plane, but also in the Z axis (patient’s long
axis) due to its isotropic cuberilles (see Figure 5.3)
in contrast to the anisotropic cuberilles of HCT (see
Figure 4.6).

Failure to osseointegrate is perhaps the most
important reason for failure (Figure 15.9), but it is
not the only one. In addition to pain and numb-
ness, placing an implant into any neurovascular
structure, both within and outside the bone (Figure
15.10), may result in life-threatening hemorrhage.
Even if the implant avoids those structures and
does successfully osseointegrate, it may still be
considered a failure because its position would not
allow an aesthetically and/or functionally accept-
able result. In order to minimize all of these causes
for failure a stent is recommended.

The rigid surgical guide stent with bur holes
can be used to guide drilling and implant place-
ment to a high degree of precision. Figures 15.11
and 15.12 display two different stents. Both have
metal-lined holes to facilitate the precise placement
of drilled holes. The stent in Figure 15.12 permits
the direct screwing of the stent to the bone to
ensure that the holes are cut precisely at the site
required by the clinician who will provide the
definitive prosthesis; this enhances the final aes-
thetic result of the restoration. This type of stent
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Figure 15.8. (a) Sections showing measurements (Dolphin) made on data from an iCAT scan. (b) 3D reconstruction of
the mandible with the mandibular canal indicated by a green line. Figures courtesy of Dr. Babak Chehroudi, Faculty of
Dentistry, University of British Columbia. Note: The radiopaque structure just below the angle of the mandible. This position

is consistent with calcification within a lymph node.

is particularly useful in difficult cases or when
multiple implants are needed.

In addition to the more common anatomical
concerns to avoid the mandibular canal and maxil-
lary antral cavity there are others of at least equal
importance. These are the accessory mental fora-
men, mandibular incisive canal, lingual foramen,
floor of the mouth, submandibular fossa, nasopala-

tine (incisive) foramen, buccal concavity of the
maxilla, and thin and/or inclined alveolar ridges.

ACCESSORY MENTAL FORAMEN

Accessory mental foramina have been reported in
7% of CBCTs in one study." Nine out of the fifteen
cases observed ran distoinferiorly from the anterior



Figure 15.9. Cone-beam computed tomography (a,b)
showing failure of osseointegration. The implant is com-
pletely surrounded by a radiolucent space.

loop of the intraosseous mental nerve. Naitoh
et al’s Figure 6b displays a case course obliquely
through the buccal cortex to reach the foramen.'

MANDIBULAR INCISIVE CANAL

Makris et al. reviewed 100 CBCTs." They reported
the mandibular incisive canal to be 1.5cm from the
mental foramen to the symphysis. The entire canal
was visible in only 18% of cases. It displayed a
marked tendency to be closer to the buccal cortex
at the mental foramen (85% buccal to 10% lingual)
to an increased tendency for the lingual cortext at
the symphysis (60% buccal to 35% lingual).”
Walton reported that 24 % of patients with implants
in the symphysis reported neurosensory distur-
bance.!* This was temporary in almost all cases.
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Figure 15.10. Helical computed tomography (a,b) display-
ing an implant inserted into the mandibular canal.

LINGUAL FORAMEN

The traditional anatomy textbook describes lingual
foramen as a rare opening in the lingual side of
mandible along the median sagittal plane. It some-
times shows up in periapical radiographs of man-
dibular incisors as a small well-defined, corticated
foramen substantially apical to the apices of inci-
sors. It is considered to contain only blood vessels
but no nerves. Makris et al. reported that 81% of
their 100 dried mandibles investigated by CBCT
revealed one lingual vascular canal.” They reported
that in those cases with only one foramen, it was
above the genial spine, whereas the supplemental
foramina were below the spines.” This is consis-
tent with Rosano et al’s in vitro findings.” They
reported that 70% of cases have one foramen
above the spines and one or two foramina below
the spines."” Figure 15.13 shows five examples of
lingual foramina and intraosseous canals. The fact
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Figure 15.11. (a) Stone model of upper jaw exhibiting the edentulous anterior site that will receive implants. (b,c) The
surgical stent made of acrylic with metal lined holes to guide the drill.

Figure 15.12. The surgical stent made of acrylic with
metal lined holes to guide the drill. This stent differs from
thatof Figure 15.11 because it has additional holes so that
the stent may be stablized by screwing it into the alveolus
prior to drilling the holes for the implants.

that they convey blood vessels raises the possibility
of uncontrolled bleeding into the floor of the mouth
if damaged.

FLOOR OF THE MOUTH

The blood supply of the anterior sextant of the
mandible is completely supplied by branches of the
sublingual arteries, which penetrate the bone by
way of the lingual foramina.’® Furthermore, the
close proximity of the sublingual arteries to the
lingual cortex, particularly at the symphysis, makes
them vulnerable to damage if that cortex is perfo-
rated.” Rosano et al. have identified 16 published
cases of life-threatening hemorrhage associated
with dental implantation.”® There are three more
recent reports of hemorrhage.'*'® Both angulation
and the size of the implant need to be carefully
considered to avoid perforation of the lingual
wall.”

THE SUBMANDIBULAR FOSSA

The submandibular fossa can be difficult to exam-
ine clinically. This lingual concavity of the poste-



rior body of the mandible can be very deep and
markedly limit the height of alveolar bone avail-
able for the implant; then it may need to be inserted
at an angle. Parnia et al. classified the degree of
concavity of the submandibular fossa, into three
groups; Type I (less than 2mm, 20%). Type II
(2-3mm, 52%) and Type III (more than 3 mm,
28%)." Although such a perforation into the very
vascular floor of the mouth may cause a life-
threatening hemorrhage, injury to salivary glands—
although infrequently reported—has happened.?
Furthermore, such injury may result in plunging
ranulae,**
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VARIATION IN NASOPALATINE
(INCISIVE) CANAL

The nasopalatine canal in the maxilla has a highly
variable diameter, path, and morphology. The
diameter of the narrowest part of the canal can
range from 3 to 8 mm. Figure 15.13 displays a range
of normal nasopalatine canals. The diameter is
often not uniform throughout its course. Because
the position of the canal may not be exactly in the
midline, it is important before any implant is placed
in the maxillary central incisal region that CBCT is
performed to examine this anatomy. An implant

Figure 15.13. Lingual canals observed on cone-beam computed tomographic images. (a) 1 lingual canal and a narrow
maxillary ridge. (b) 1 lingual canal and a narrow maxillary ridge. (c) 2 lingual canals and a narrow ridge in both jaws. (d)
3 lingual canals and a narrow mandibular ridge. (e) 3 lingual canals and a narrow ridge in both jaws. Note also the normal

incisive (nasopalatine) canals.
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Figure 15.14. Variety in shape of incisive (nasopalatine) canals (a,b,c) observed on cone-beam computed tomographic
images. Figure 15.14a displays an early nasopalatine duct cyst.

placed into the nasopalatine canal can lead to a
failure in osseointegration. Furthermore, nasopala-
tine nerve damage will cause numbness of the
incisive papilla. Figure 15.14 show examples of
nasopalatine canals unusual to the point of abnor-
mal. Figure 15.14a displays an early nasopalatine
duct cyst (see Chapter 9) that should be recognized
and treated at this stage.

BUCCAL CONCAVITY IN THE MAXILLA

It is common to have a concavity on the cortex
buccal to an extraction site. The degree of this
concavity would affect the position of the implant.
Buccal fenestration can easily occur if no detailed
preoperative radiographic assessment has been
made (Figure 15.13). Failure to assess the buccal
concavity can lead to fenestration of the alveolar
bone, recession of the gingival margin, and expo-
sure of the implant’s thread.

THIN AND INCLINED ALVEOLAR RIDGE

The alveolar ridge in the incisal region of both jaws
can be very thin (Figures 15.13, 15.14c). If the
narrowest part of the ridge is less than 3mm,
implants are contraindicated, unless bone grafting
has been successfully performed. Furthermore, the
vertical angulation of this narrow alveolar ridge
can form an acute angle to the standing teeth. This
phenomenon is more common in the maxillary

canine and premolar region. Implant planning in
this region could consider inserting the implant at
an acute angle to the suprastructure. An angled
abutment may be needed.

Conclusions and Closing Remarks

The recent introduction of CBCT has completely
revolutionized oral and maxillofacial radiology and
implantology. In spite of the substantial body of
literature that has emerged, only very little of it so
far approximated the highest standard of clinical
evidence. Therefore, its use, as with any other
radiological investigation, needs to be clearly indi-
cated for that particular patient. Nevertheless,
there is a duty of care that all clinicians bear: to
ensure that each potential implant patient has been
properly evaluated so that each implant can be
safely placed within the patient with the greatest
chance of success. Due to an overall reduction in
radiation dose, increased availability, facility of
simulation, and an understanding of the risks of
implant placement, it is becoming more difficult to
justify not using 3-D imaging as part of preimplant
planning.

Dental practitioners who use CBCT in their
clinic for implant treatment often are not specially
trained in oral and maxillofacial radiology. Should
there be any other pathology, such as jaw cysts or
neoplasm in the jaws, it can easily be missed



because the most attention will be given to the
implant sites. Failure to identify, diagnose and
treat, review, or refer is considered at least unpro-
fessional conduct in almost all jurisdictions.
Therefore, it is very important to fully discharge
this professional responsibility by carefully review-
ing all regions of the scan in a systematic way.
Such a review should also include the soft tissue
outlined by air (see Point 1 Disadvantages in Table
15.3). Should there be doubt concerning any radio-
graphic features, the case should be referred to an
oral and maxillofacial radiologist for a full report.
The EADMFR guidelines firmly advocate that the
entire dataset of any CBCT investigations of areas
outside the jaws and any CBCT investigation using
an FOV greater than 8cm x 8cm should be
reviewed by an oral and maxillofacial or medical
radiologist in order to identify pathology so that it
can be promptly investigated and appropriately
treated.”> The range of the more common and/or
important extragnathic pathology that is likely
to present on medium-to-large FOV CBCT are
addressed in Chapters 16 through 18.

Those CBCTs with a FOV of 8cm x 8cm or
less and whose use will be confined to the jaws
(which may include the floor of the nose and the
temporomandibular joint), can also be interpreted
by an adequately trained nonradiologist dental
practitioner.?
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Radiological pathology of the extragnathic
head and neck regions







Chapter 16
Introduction

This chapter introduces some important anatomi-
cal and technical aspects of the radiology of those
lesions that present outside the maxillofacial
regions. The extragnathic head and neck will be
considered as two separate anatomical regions, the
skull and the neck. The benign and malignant
lesions affecting either or both of these regions are
addressed respectively in Chapters 17 and 18.

The Skull

This section places particular emphasis on the
base of a skull, which appears increasingly within
moderate-to-large fields of view (FOVs) for cone-
beam computed tomography (CBCT) (Figure 16.1).
Although it is generally held that this area is prop-
erly the purview of the medically trained head and
neck or neuroradiologist, it is important that the
oral and maxillofacial practitioner prescribing and
interpreting these images be aware of some of the
important lesions that may incidentally present
(Figure 16.2). Knowledge of such lesions enable
those practitioners to recognize the abnormality
and refer it promptly and appropriately. It is
expected that datasets of moderate-to-large FOVs
would be reported by a radiologist (see Chapter 5).

BASIC ANATOMY OF THE SKULL BASE

The anatomy of the skull base is both complex and
subject to much variation, such as asymmetrical
pneumatization and the appearance of the foram-
ina, which can present as pseudolesions.! The base
of the skull is divided into three fossae: anterior
cranial fossa (ACF), middle cranial fossa (MCF),
and posterior cranial fossa (PCF).* The boundary
between the ACF and MCF is the posterior margin
of the lesser wing of the sphenoid. The boundary
between the MCF and PCF is delimited by the
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posterior superior margin of the petrous temporal
bone and the posterior clinoid process of the body
of the sphenoid. The emphasis of this chapter is
placed on the MCF and PCF because they are most
likely to appear on the moderate-to-large FOV
CBCT images. Of these, the portions of the base of
the skull that are most likely to be captured are the
clivus and petrous temporal bone (Figure 16.3).
Some important lesions that may affect the orbit
have been considered, because the orbit is just as
likely to be captured as the MCF and PCF.

The sella turcica (ST), sometimes called the
pituitary fossa is a salient point in cephalometry
essential for the diagnosis and treatment planning
of craniofacial abnormalities. Although significant
differences in skeletal class of the face and jaws
were found only between Skeletal Class II and
Class III (the former has smaller ST diameters, the
latter has larger diameters),® this opportunity
should also be used for assessment of the size and
shape of the ST that may arise from other causes.
The dimensions of a normal ST are set out in Table
16.1.* The dimensions of the ST are larger in the
older patient.*

CROSS-SECTIONAL IMAGING OF THE
SKULL BASE-MRI AND CT

Current imaging of skull base relies heavily on
computed tomography (CT) and magnetic reso-
nance imaging (MRI). Helical computed tomogra-
phy (HCT) is superior to MRI for evaluating bone
erosion and destruction, particularly if the unit
used has a high spatial resolution. A rudimentary
knowledge of skull base structures and foramina
is required for both interpreting the spread of
cancer through the skull base and searching for
certain neurogenic tumors (such as schwanno-
mas). Some cases occur within foramina. In par-
ticular, the pterygopalatine fossa, sphenopalatine
foramen, foramen rotundum, inferior orbital
fissure, carotid canal, and jugular/hypoglossal
foramina should be studied (see Figure 16.3).
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Figure 16.1. A flowchart of the important and/or more frequently occurring lesions affecting the skull.
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Figure 16.2. Cone-beam computed tomography (CBCT)
as part of the assessment of a patient being considered
for osseointegrated implants in both jaws. This was made
on an iCAT type of CBCT unit with its large field of view.
It can be seen that the base of the skull has been captured
in (b). Figures courtesy of Dr. Babak Chehroudi, Faculty of
Dentistry, University of British Columbia.

MRI is introduced in Chapter 6. It is excellent
for visualizing soft-tissue involvement, including
the bone marrow. For the head and neck, precon-
trast MR images are usually first acquired in axial/
sagittal planes with T1-weighting. T1-weighted
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Table 16.1. Dimensions between 6-year-olds and 21-year-
olds of both genders (derived from Axelsonn et al.®

6 years Length 8.8 SD 1.5 858D 1.3
Depth 6.3 SD 0.8 6.6 SD 0.7
Diameter 10.0SD 1.3 9.8SD 1.3
21 years  Length 8.9 SD 0.9 8.48D 1.6
Depth 7.3 8D 1.1 7.2SD 1.2
Diameter 11.3SD 11 11.7SD 11

images show anatomy well with good contrast
between muscles and intervening fat planes (Figure
16.4a,b). This is because on T1-weighted images
muscles are relatively dark (isointense) and fatty
tissue is bright, or more accurately of high signal
intensity (hyperintense). In adults, bone marrow
is normally bright due to fatty infiltration. When
tumor, infection, or inflammation displaces fatty
marrow, it becomes “dark” on T1-weighted images,
making MRI exquisitely sensitive for detecting
these pathologies (e.g., Figure 18.19c). Be aware
that in younger people the bone marrow is not yet
fatty and may be normally dark on T1-weighted
images. Fatty marrow replacement occurs at differ-
ent times in different bones; in the mandible it
generally happens between 10-15 years of age. T1-
weighted scans are also called “anatomy scans” or
“fat scans” (see Chapter 6).

MR images are then acquired with T2-
weighting (Figure 16.4d). On these images, struc-
tures containing a high percentage of water are
bright or hyperintense. Hence tissues that are neo-
plastic, edematous or inflamed tend to be bright
on T2-weighted images. T2-weighted images are
also called the “pathology scans” or “water scans”
(see Chapter 6)).

By definition, muscles and brain tissue are
considered isointense on T1- & T2-weighted
images—their signal intensities are used as a refer-
ence to label other structures as hyper- or hypoin-
tense. T2-weighted images are always acquired
before giving MRI contrast. MRI contrast has a
significant effect on T1-weighted images.

After intravenous administration of gadolin-
ium contrast, some normally T1-weighted isoin-
tense structures will become hyperintense or
bright. The nasal mucosa will vividly enhance;



Figure 16.3. Computed tomography; normal axial sections (bone windows). (a) At the level of the base of the sella turcica,
showing ethmoid and superior mastoid air cells. The vertical semicircular canals of the inner ear are visible within the
petrous temporal bone (arrows). (b) At the level of the left internal auditory canal (double arrows). The cochlea of the inner
ear are visible (single white arrow) and the “signet ring” shape of the left horizontal semicircular canal is seen (black arrow).
The ossicles of the middle ears are visible, more so on the left (white arrowhead). The left inferior orbital fissure is marked
with a black arrowhead. The ethmoid, sphenoid and mastoid air cells are visible. (c) At the level of the condylar head. The
foramen ovale (short white arrow) and spinosum (long white arrow) are visible. The left carotid canal is seen ending medi-
ally at the foramen lacerum (black arrows). The pterygopalatine fossa is shown on the left (white arrowhead) and the
sphenopalatine foramen on the right (thin white arrow). The conchae (turbinates) are partially visualized in the nasal cavity.
(d) At midmaxillary sinus level. The nasal cavity and posterior nasopharynx are visible. The hypoglossal canal (white arrow)
and jugular foramen (black arrow) are visible on the left. The mastoid air cells are extensively pneumatized.
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Figure 16.4. Normal magnetic resonance imaging (MRI) soft-tissue contrast pre- and postcontrast. (a) Axial non-contrast
T1-weighted MRI. Note the bright subcutaneous fat (short white arrow) and the fatty marrow in the clivus (long white arrow).
The lateral pterygoid muscle (short black arrow) and cerebellar hemisphere (long black arrow) both exhibit isointense T1-
weighted signals. (b) Axial postgadolinium fat-saturated T1-weighted MRI. Compare this to noncontrast T1-weighted image
(a) and see how brightly normal nasal mucosa enhances. Compare the subcutaneous fat signal with that from (a); it is now
dark due to the fat saturation. (c) Sagittal non-contrast T1-weighted MRI. Note the high signal in the clivus corresponding
to fatty marrow (arrows). (d) Axial non-contrast T2-weighted MRI. Note the normally bright cerebrospinal fluid surrounding
the medulla (long arrow). The thin layer of inflamed mucosa in the left maxillary sinus also displays a hyperintense T2-
weighted signal (short arrow). Note: Other good examples displaying the effect of fat saturation on postgadolininium
T1-weighted MRI are Figures 18.15 and 18.25.
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looking at the nasal septum and turbinates on T1-
weighted images is a good way of determining
whether MR contrast has been administered
(compare Figures 16.4a,b). Many inflammatory,
infectious and neoplastic lesions will also enhance
with contrast. In order to see these optimally, a
technique called “fat saturation” is usually used in
the head and neck. This decreases the signal from
normal fat, making it dark and allowing patho-
logic enhancement to stand out (Figure 16.4b).
Postcontrast fat-saturated T1-weighted images are
excellent for detecting malignant lesions (see
Figures 18.2(e,f), 18.5(c), 18.6(b,c), 18.7, 18.8(b,c),
18.9, 18.11, 18.12(c), 18.15(a,b,c), 18.16, 18.17,
18.18(b), 18.20(c,d), 18.24(b,d), 18.25, 18.29,
18.30(b,c)) as well as many benign pathologies
affecting the skull base (Figures 17.2(b), 17.5(a,b),
17.6, 17.9(c), 17.10(b,c), 17.12(a,b), 17.13(b),
17.14(c), 17.15, 17.19(c)). MRI is contraindicated
in certain cases—for example, patients with either
a pacemaker or an intraocular metallic foreign
body (see Chapter 6). In these patients CT imaging
will be done.

Swellings of the Neck

RELEVANT ANATOMY AND
CLASSIFICATIONS

Imaging of swellings of the neck, in particularly
those of the suprahyoid, form an important part of
oral and maxillofacial practice. The clinician clas-
sically divides the neck into its anatomical trian-
gles and locates the lesion in question accordingly
(Figure 16.5). The oral and maxillofacial (OMF)
clinician should be aware that head and neck radi-
ologists commonly consider lesions according to
alternate compartments and spaces (Table 16.2).
Such awareness will enhance the quality of the
OMF clinician’s communication with his/her radi-
ologist so as to optimize patient care.

Since there are these and other different ways
to classify head and neck anatomy it is important
to know something about each classification and
how they differ before using them as a template to
study pathology.

Classical anatomists divided the neck into
simple triangles based on superficial muscular
landmarks that could be easily appreciated via
surface anatomy or superficial dissection.’® This
schema is useful for clinical examination and plan-

Figure 16.5. Classical triangles of the neck. Synonyms are
listed: 1 = submaxillary or diagastric or submandibular tri-
angle; 2 = submental or suprahyoid triangle; 3 = superior
carotid triangle; 4 =inferior carotid triangle; 5 = occipital
triangle; 6 = subclaviantriangle. Collectively,1 +2 + 3 + 4 =
anterior triangle and 5 + 6 = posterior triangle.

ning surgical approaches to the neck. After the
advent of cross-sectional imaging techniques, a
new system became popular based on cervical
fascial planes that divide the neck into compart-
ments.® This system is clinically relevant because
these planes can limit and guide the spread of
disease occurring within a compartment. Because
lymph nodes occur in multiple compartments and
are interconnected by lymphatics, nodal classifica-
tion by fascial planes is less relevant. Different
systems of cervical lymph node classification have
evolved. Therefore, we have separate systems in
use, each with its advantages and disadvantages.

CLASSICAL TRIANGLES OF THE NECK

The neck is divided initially into two triangles:
anterior and posterior by the midplane of the ster-
nocleidomastoid muscle. The anterior triangle is
further divided by the omohyoid and diagastric
muscles into the submental triangle (also termed
suprahyoid), submaxillary triangle (also termed



Table 16.2. Deep spaces of the suprahyoid neck
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Muscles Masticator space
Prevertebral space

Vessels and nerves Carotid space

Salivary glands Parotid space

Submandibular space

Sublingual space
Lymphoid tissue and mucosa
Potential spaces

Danger space

Retropharyngeal space

Pharyngeal mucosal space
Parapharyngeal space

Muscles of mastication
Prevertebral and paraspinal muscles

Carotid artery, internal jugular vein, cranial
nerves IX — XII

Parotid gland
Submandibular gland
Sublingual gland

Tonsils, pharyngeal mucosa

Fat, vessels, nerves; located between masticator,
carotid, and pharyngeal mucosal spaces

Potential space; a pathway for prevertebral
abscess enlargement

Fat and lymph nodes

diagastric or submandibular) and superior/inferior
carotid triangles. The posterior triangle is split by
the omohyoid muscle into a large occipital triangle
and a smaller subclavian (also called the supracla-
vicular or omoclavicular triangle).

Submandibular triangle
The submandibular triangle is particularly relevant
to oral pathology. Primary lesions are generally
observed on clinical inspection, ideally while still
small and symptom-free. On occasion the symp-
toms may not immediately suggest a malignancy;
a floor-of-the-mouth squamous cell carcinoma
(SCC) causing an obstruction of the submandibu-
lar duct may produce symptoms suggestive of a
submandibular duct calculus. The need for imaging
at this stage may not be immediately obvious.
Nevertheless, advanced imaging such as MRI can
reveal the degree of invasion (see Figure 18.22).
Those SCCs, which appear more posteriorly in the
oral cavity, are larger and/or already have invaded
bone, so advanced imaging is now indicated. This
emphasizes the importance of early and appropri-
ate imaging—the SCC can be detected, diagnosed,
and treated early so as to improve the prognosis.
Cysts such as ranulas and dermoid cysts are
not life-threatening unless they achieve substantial
dimensions to threaten the airway. Figure 6.8
shows a sublingual dermoid cyst.

Anterior triangle

The principle organs are the thyroid and parathy-
roid glands and larynx. Laryngeal SCC is the most
common malignancy of the throat.” Figure 18.27
displays a case. Figure 18.4 demonstrates a case of
chondrosarcoma affecting the larynx. The pathol-
ogy of those lesions causing swelling of the thyroid
are many and will not be considered.

Posterior triangle

The posterior triangle contains numerous lymph
nodes that can become enlarged from metastatic,
infectious, or inflammatory disease. This is its
main relevance to the OMF clinician.

FASCIAL COMPARTMENTS OF
THE NECK

The fascial planes of the neck form the boundaries
of a compartmental anatomic classification scheme
that is often used by head and neck radiologists.
The fascia are initially divided into two layers:
superficial and deep. The superficial cervical fascial
compartment lies beneath skin, containing subcu-
taneous fat, the platysma muscle, and vessels and
nerves. The deep cervical fascia divides the remain-
der of the neck into multiple anatomic compart-
ments or “spaces” and defines the aerodigestive
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tract; a description of these is set out in Table 16.2.
These spaces are most often used when describing
pathology occurring above the hyoid bone. Because
the suprahyoid region is generally most relevant to
OMF pathology, the infrahyoid region, except for
some laryngeal cancers, is not covered here.

PHARYNGEAL MUCOSAL SPACE

This contains the pharyngeal mucosa and the
tonsils. Nasopharyngeal carcinoma (NPC) arises
from squamous mucosa in this space and is an
important lesion, particularly among those of East
Asian origin. The incidence of NPC has declined
in Chinese immigrant populations compared with
natives in China.® Figure 18.15 exhibits an NPC
that occupied the entire posterior pharyngeal wall
and has spread to retropharyngeal nodes and the
chain of lymph nodes under the cover of the ster-
nocleidomastoid muscle.

PAROTID, SUBMANDIBULAR, AND
SUBLINGUAL SPACES

The parotid submandibular and sublingual glands
are encased in their own individual spaces. Though
the parotid is the largest of the salivary glands, it
tends to have a higher proportion of benign to
malignant neoplasms than the submandibular,
sublingual, and minor salivary glands. Examples
of MRI of pleomorphic salivary adenoma (PSA) are
seen in Figures 6.2-6.4, 6.11, and 17.17. Malignant
neoplasms arising in this gland are displayed in
Figures 18.12-18.14.

MASTICATOR SPACE

The masticator space contains the muscles of mas-
tication, i.e., the pterygoids, temporalis, and mas-
seter muscles as well as the inferior alveolar nerve
(V3). Intrinsic lesions are uncommon; this space
is most often invaded by pathology from outside
its borders, such as SCC (see Figures 18.16, 18.17,
18.20).

CAROTID SPACE

The carotid space contains the carotid artery,
jugular vein, and vagus nerve. Carotid body tumors
are relatively rare tumors arising from neuroendo-
crine cells at the carotid bifurcation—hence, within
the carotid space. These are also called paragan-

gliomas and are described later in Chapter 17.
Many of the deeper and larger lymph nodes lie
adjacent to this space.

PREVERTEBRAL, DANGER,
RETROPHARYNGEAL, AND
PARAPHARYNGEAL SPACES

The prevertebral, danger, and retropharyngeal
spaces are normally very thin, approximating col-
lapsed tubes lying immediately anterior to the ver-
tebral column. The prevertebral spaceisimmediately
anterior to the vertebral bodies and extends from
the skull base to the coccyx. The danger space lies
anterior to the prevertebral space and stops inferi-
orly at the diaphragm. If an abscess forms in this
space, the infection can easily spread inferiorly
into the chest—hence, the “danger.” The retropha-
ryngeal space lies between the danger and premu-
cosal spaces. It contains lymph nodes that often
become involved with metastatic disease in head
and neck cancers. The parapharyngeal space
resides between the masticator, carotid, and pha-
ryngeal mucosal spaces and contains mainly fat.
When tumors are nearby, the pattern of displace-
ment of this space is useful for determining where
the tumor originated.

There are more named fascial spaces than
those listed above. The reader who wants to
become more familiar with all the spaces is referred
to excellent books by Harnsberger’ and Som and
Curtin."

The new level-based systems, designed to be
used with cross-sectional imaging are discussed in
Chapter 18 (see Figure 18.31 and Table 18.1).
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Chapter 17
Benign lesions

The following are some common (and not so
common) benign swellings affecting the skull base
and suprahyoid region. All of these tumors can be
seen on either CT or MRI, although as noted earlier,
destructive bony pathology is usually better seen
on CT.

Pituitary Adenoma

Pituitary adenomas (Figure 17.1) are benign tumors
that arise from the adenohypophysis, or anterior
lobe of the pituitary gland. They may be endocri-
nologically active and secrete the same hormones
that the pituitary normally produces, only in excess
amount. The most common “functioning” pituitary
tumor is a prolactinoma’; the excess prolactin may
produce amenorrhea and galactorrhea in women
and impotence in men. Both prolactinomas and
“nonfunctioning” adenomas occur at approxi-
mately the same frequency: 25% of total. Nonfunc-
tioning tumors may present with decreased visual
acuity when the tumor begins to compress the
adjacent optic chiasm (Figure 17.2). Other lesions
that may resemble pituitary adenomas include
aneurysms, meningiomas, and schwannomas.
Craniopharyngiomas and Rathke’s pouch cysts
also occur in the sella but are predominantly cystic
instead of solid.

Craniopharyngioma

Craniopharyngiomas are complex cystic, predomi-
nantly suprasellar, mass lesions that are frequently
partially calcified.> They are thought to arise
from remnants of Rathke’s pouch, an embryologic
structure that migrates superiorly from the primi-
tive oral cavity to eventually form the adenohy-
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pophysis or anterior lobe of the pituitary gland.
Craniopharyngiomas comprise 6-13% of all pedi-
atric brain tumors and have a bimodal age distribu-
tion, peaking between 5-14 years and after 65
years of age.** Three-quarters of these tumors are
suprasellar, with most of the remaining lesions
combined sellar-suprasellar. Rarely are they com-
pletely intrasellar. The craniopharyngioma usually
presents as a small enhancing solid nodule within
or adjacent to a lobulated cystic lesion with enhanc-
ing walls. The cystic part is often divided into
multiple compartments, each with a slightly differ-
ent though homogeneous T1- and T2-weighted
MRI signal intensity. When they become large
enough, craniopharyngiomas can produce obstruc-
tive hydrocephalus by blocking the foramen of
Monroe (Figure 17.3).

Rathke’s cleft cysts can sometimes mimic cra-
niopharyngiomas.® These lesions also arise from
Rathke’s pouch and are seen in the same location.
Unlike craniopharyngiomas they are generally
purely cystic (no solid component), rarely calcify,
and minimally enhance with intravenous (IV) con-
trast.>” They also rarely produce symptoms.®

Intracranial Aneurysms

Intracranial aneurysms are focal dilatations of cere-
bral blood vessel walls with various shapes—some
saccular, others fusiform. Arterial aneurysms are
commonly caused by injury to the blood vessel
walls from atherosclerosis and/or focal hemody-
namic pressure. These aneurysms usually occur at
vessel bifurcations, most often affecting the middle
cerebral, supraclinoid internal carotid, posterior
communicating, cavernous carotid, anterior com-
municating, and vertebrobasilar arteries in descend-
ing order of frequency.” The prevalence of
unruptured intracranial aneurysms (UIA) is esti-
mated to range between 0.4-6%, depending on the
study design.”® There is a 4% increased risk of
having a UIA if a first-degree relative has a cerebral
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Figure 17.1. Postgadolinium T1-weighted MRI images of a pituitary adenoma. (a) Sagittal plane displays a round, enhanc-
ing adenoma of intermediate-high signal intensity (arrow). Note the air-filled sphenoid sinus below it and anterior to the
slightly more hyperintense and homogeneous marrow-filled clivus. (b) Coronal plane displays the adenoma (long arrow).
Its well-defined lateral margins touch the medial surface of the cavernous sinus bilaterally. The optic chiasma is seen
immediately above as an isointense horizontal bar (short arrow pointing to right side of chiasm). The lateral pterygoid
muscles are just inserting into the pterygoid pit of the condylar neck.

aneurysm." Over the course of a lifetime, the risk
of an aneurysm rupturing is substantial, estimated
from 20% to 50%'%; risk increases with the size of
the aneurysm. In a 1998 systematic review, Rinkel’
found that in aneurysms under lcm the risk is
0.7% per year, and for over 1cm 4% per year
with an overall annual risk of 1.9%.%%!* Posterior
circulation aneurysms, symptomatic aneurysms,
and female gender carry a higher risk of rupture.
Incidental aneurysms less than 0.5 mm carry a low
risk and conservative management is recom-
mended." An increased incidence of cerebral
aneurysm is seen in patients with autosomal domi-
nant polycystic kidney disease, fibromuscular dys-
plasia, Marfan’s and Ehlers-Danos syndromes, and
cerebral arteriovenous malformations.®

Since the consequences of intracranial aneu-
rysm rupture can be devastating, imagers must
keep a careful eye out for these lesions on routine
exams. Larger aneurysms are easily seen on post-
contrast CT as well-circumscribed, brightly enhanc-
ing structures related to cerebral vessels (Figure
17.4a). Occasionally, an aneurysm wall will calcify,
making it easy to see on a noncontrast CT. The
appearance of aneurysms on MRI varies depending

on the way imaging data was acquired. On T2-
weighted images the aneurysm will appear as a
dark, hypointense well-circumscribed structure
(Figure 17.4b). The inside of the aneurysm is dark
rather than bright on T2-weighted images due to
the presence of flowing blood. On postcontrast T1-
weighted images aneurysms have a heterogeneous
internal appearance due to a combination of flow
artifact and contrast effect (Figure 17.4d). Smaller
aneurysms can be detected with special magnetic
resonance techniques (magnetic resonance arteri-
ography) or conventional catheter angiography.

Paragangliomas

These tumors arise from specialized neuroendo-
crine neural crest cells called paraganglia that are
formed in association with autonomic ganglia
throughout the body. Since clusters of paraganglia
are also called glomus bodies, paragangliomas are
also termed glomus tumors. In the head and neck
they are found in specific locations with attached
names: at the carotid bifurcation (called a carotid
body tumor or historically chemodectoma), jugular



Figure 17.2. Postgadolinium T1-weighted MRI of a considerably larger pituitary adenoma than that displayed in Figure
17.1. It now encases the cavernous portion of the carotid arteries and markedly compresses the optic chiasm, displacing
it superiorly. (a) The sagittal plane displays a lobular enhancing adenoma of intermediate—high signal intensity with het-
erogeneous enhancement. Note that the tumor has traversed the sellar floor to completely fil and expand the adjacent
sphenoid sinus. Tumor has also eroded and remodeled the marrow-filled clivus, pushing the superior clival border inferiorly.
(b) An axial postgadolinium fat-saturated T1-weighted MRI at the level of the superior surface of the orbit; the superior
rectus muscles are displayed. The encased carotid arteries are observed as signal voids (arrows) as is the basilar artery
on the anterior aspect of the midbrain. (c) The coronal plane displays the same adenoma. It completely encases the cav-
ernous portion of the carotid arteries. Inferiorly, it fills the sphenoid sinus. The roof of the nasal cavity has been displaced
slightly downward. The superior expansion has compressed the optic chiasm and brought the adenoma into broad contact
with the hypothalamus. The lateral pterygoid muscles are just inserting into the pterygoid pit of the condylar neck.
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Figure 17.3. Magnetic resonance imaging of a craniopharyngioma producing unilateral intraventricular hydrocephalus. (a)
Sagittal postcontrast T1-weighted MRI| showing a large complex cystic suprasellar craniopharyngioma. Note the character-
istic heterogeneous solid enhancing portion (short arrows) and the large associated cyst with enhancing walls (long arrows).
(b) Coronal postcontrast T1-weighted image from the same patient in (a). The solid (short arrows) and cystic (long arrows)
parts of the lesion are displayed. The left cyst compartment has a higher signal than its fellow; different cyst MRI signal
levels are a common feature of this tumor. The mass is obstructing the right side of the foramen of Monroe, producing
unilateral right intraventricular obstructive hydrocephalus. Note the dilated right lateral ventricle (arrowhead).(c) Axial T2-
weighted image from the same patient in (a). The cystic portion of the tumor is well seen (arrows). Note the dilated right
frontal and temporal ventricular horns; hydrocephalus caused by the tumor.
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Figure 17.4. Computed tomography (CT) and magnetic resonance imaging (MRI) of intracranial aneurysms. (a) Axial
postcontrast CT of a distal right middle cerebral artery aneurysm (arrows).Cerebral aneurysms are usually homogeneously
bright on postcontrast CT unless they have internal thrombus; then they will have heterogeneous internal density. (b) Axial
T2-weighted MRI of a terminal internal carotid artery aneurysm (arrow). Note the low signal within the aneurysm due to
the presence of flowing blood. The sharp reader will notice a mixed signal oval structure just posterior and medial to the
aneurysm. This is a small craniopharyngioma. (c) Coronal T2-weighted MRI from the same patient in (b). Again the aneu-
rysm is seen as a well-circumscribed hypodense structure. The cystic craniopharyngioma just medial to it is bright. d)
Coronal postcontrast T1-weighted MRI from the same patient as (b). Note the mixed signal within the aneurysm due to a
combination of flow artifact and intravascular contrast. Most aneurysms are better defined on T2-weighted cuts. Just medial
to the aneurysm is a small craniopharyngioma with enhancing walls.
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foramen (glomus jugulare), in the tympanic cavity
(glomus tympanicum), and along the extracranial
course of the vagus nerve (glomus vagale). Ninety-
nine percent of paragangliomas above the shoul-
ders arise in these spots, with just over half at the
carotid bifurcation.!®* Women predominate, ranging
from 67% in a European community’ to 96% in
a Latin American study.'® Malignant transforma-
tion is rare.'” Most paragangliomas are discovered
incidentally during radiological examination for
another lesion. These are very vascular tumors and
enhance brightly with intravenous contrast (Figures
17.5,17.6).

Schwannomas

Schwannomas are nerve sheath tumors that arise
from cells that produce layered myelin covering
peripheral nerve axons. They can occur in any
peripheral nerve and the majority are benign. In
the head and neck, schwannomas are found mostly
in cranial nerves but also in nerves arising from
cervical roots. They tend to present late because
they are slow growing. Most schwannomas occur
sporadically, except in neurofibromatosis type 2
(NF2), a rare autosomal dominant disorder that is
characterized by multiple inherited schwannomas,
meningiomas, and ependymomas (also -called
MISME syndrome).*® One of the key diagnostic fea-
tures of NF2 is the presence of bilateral vestibular
schwannomas.

The most common site for schwannomas in
the head and neck is the vestibular division of the
8th cranial nerve, hence the vestibular schwannoma.
The vestibular schwannoma has also been called
acoustic neuroma, which is a misnomer because it
occurs very rarely in the acoustic (cochlear) branch
of this nerve. Unilateral hearing loss from compres-
sion of the adjacent acoustic branch of the 8th
nerve is the most common presenting symptom.
Small vestibular schwannomas can be completely
intracannalicular—i.e., residing within the internal
auditory canal (see the right-sided tumor in Figure
17.7). As they get larger they expand the bony
canal and travel medially, compressing the brain-
stem (Figures 17.8, 17.9).

The next most common cranial nerve
schwannomas arise in the trigeminal, facial, glos-
sopharyngeal, vagus, and spinal accessory nerves,
in descending order of frequency. These can occur
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both intracranially and extracranially. A jugular
foramen schwannoma can resemble a glomus jug-
ulare tumor on postcontrast CT and MRI images;
compare Figures 17.5 and 17.10.

Meningioma

Meningiomas are tumors arising from the lepto-
meningeal coverings of the brain. They are the most
common primary intracranial tumor and are almost
always benign. Meningiomas occur in different
intracranial locations but have a uniform imag-
ing appearance: homogeneous bright postcontrast
enhancement with smooth well circumscribed bor-
ders (Figures 17.11-17.14). They are usually globu-
lar in shape but can occur as plaques (called “en
plaque”; see Figure 17.13). When meningiomas
occur next to bone they often induce sclerosis
(Figures 17.11b, 17.13); this is one way that they
can be differentiated from paragangliomas and
schwannomas arising in skull base foramina.
Meningiomas are slow growing and when large
enough, will cause symptoms from mass effect
on local structures. They can sometimes occur
extracranially—e.g., in the optic nerve sheath (Figure
17.14) and rarely within the cerebral ventricles.

Orbital Hemangioma

This tumor is mentioned here because it is the
most common orbital tumor in adults; hence, it
is most likely to be seen by the OMF practitioner.
Like schwannomas, meningiomas, and paragan-
gliomas they present as a well-circumscribed
brightly enhancing mass (Figure 17.15). Intraorbital
schwannomas and paragangliomas are very rare.

Arachnoid Cysts

Arachnoid cysts are benign, incidental intracranial
lesions that are not uncommon. They occur in the
arachnoid membrane in characteristic locations;
most commonly the middle cranial fossa (Figure
17.16a,b). Arachnoid cysts may enlarge very slowly
over time, producing mild scalloped pressure
erosion along the adjacent inner table (Figure
17.16¢). They are almost always asymptomatic.



Figure 17.5. Magnetic resonance imaging (MRI) and computed tomography (CT) of carotid paragangliomas. (a) Axial
postgadolinium fat-saturated T1-weighted MRI of a left carotid paraganglioma (arrow). Note how the internal carotid artery
(black arrowhead) and external carotid artery (white arrowhead) are splayed just above the carotid bifurcation. This is a
consistent feature of this tumor. (b) Coronal postgadolinium fat-saturated T1-weighted MRI from same patient as (a) showing
the longitudinal extent of the mass. (c) Coronal enhanced CT of a different patient. Note how the internal carotid artery has
been displaced laterally (arrow). The tumor enhances brightly (arrowhead).
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Figure 17.6. Magnetic resonance imaging (MRI) and computed tomography (CT) of a jugular paraganglioma (also called
glomus jugulare). (a) Axial postgadolinium fat-saturated T1-weighted MRI of a left glomus jugulare tumor (arrows). Note
the resemblance to the jugular schwannoma in 17.9. Glomus tumors tend to be slightly more irregular in shape than
schwannomas. Unlike schwannomas on T2-weighted imaging they have a “salt and pepper” internal appearance; the dark
“pepper” spots are flow voids from numerous internal vessels (not shown). (b) Coronal postgadolinium fat-saturated T1-
weighted MRI from same patient as (a) showing a glomus jugulare (arrows).

Pleomorphic Adenoma (Benign
Mixed Tumor)

Pleomorphic (salivary) adenoma (PSA) (see Figure
13.1) also known as benign mixed tumor is the
most frequent salivary gland tumor.?** Eighty-four
percent of these occur in the parotid gland, with
the rest distributed through the other major and
minor salivary glands.”® The peak incidence occurs
in middle-aged females. Clinically PSAs are usually
asymptomatic until they become large enough to
palpate.*®) These tumors are treated by excision but
recur in 32 % of cases. Seven percent of cases prog-
ress to malignancy, most commonly carcinoma
ex pleomorphic adenoma (also called malignant
mixed tumor).” PSAs generally present as a well-
circumscribed enhancing intraparotid mass that is
hypointense on T1-weighted images and isoin-
tense to hyperintense on T2-weighted images. On
both CT and MRI, smaller lesions are more homo-
geneous with mild to moderate enhancement;

the larger lesions are more heterogeneous with
areas of internal cystic change/necrosis (Figure
17.17).

Warthin’s Tumor

Warthin’s tumor is the second most common benign
parotid neoplasm after PSA.*® This lesion is also
called papillary cystadenoma lymphomatosum due
to lymphoid aggregates in the tumor that are unre-
lated to lymphoma. There is a 2:1 male predomi-
nance and 88% of patients are smokers.** The
peak incidence lies between the fifth and second
decades of life.* Multiple tumors are seen in 20%
of cases, and Warthin’s is the most common sali-
vary tumor to present bilaterally.?®%

Warthin’s is a slowly growing tumor that
usually presents as a painless mass just above the
angle of the mandible. On CT or MRI these lesions
are well encapsulated and mildly enhance using
standard contrast injection protocols. The smallest
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Figure 17.7. Magnetic resonance imaging (MRI) of small bilateral vestibular schwannomas in neurofibromatosis Type 2.
(a) Coronal postgadolinium T1-weighted MRI shows enhancement of bilateral vestibular schwannomas (arrows). (b) Axial
T2-weighted echo planar MR| shows the left tumor protruding into the perimesencephalic cistern, whereas the right lesion
is mostly intracanalicular (arrows). (c) Axial postgadolinium T1-weighted MRI; both schwannomas enhance (arrows).

lesions are predominantly solid; as they enlarge
they become inhomogeneous and cystic due to
epithelial-lined spaces that contain numerous pap-
illary fronds (Figure 17.18).*° On MRI, these lesions
exhibit hypointense T1-weighted and heteroge-
neous hyperintense T2-weighted signals.

Inverted Papilloma

Inverted papillomas are uncommon, slowly
growing predominantly unilateral benign tumors of
the nasal mucosal surface.’*?. These most often
occur in the lateral nasal wall near the middle



Figure 17.8. Computed tomography (CT) and magnetic resonance imaging (MRI) of a typical vestibular schwannoma. (a)
Axial postcontrast CT showing an enhancing left cerebellopontine angle vestibular schwannoma (soft tissue window). (b)
Axial T2-weighted MRI shows the common ice-cream-cone shape; the handle of the “cone” is formed by tumor within the
internal auditory canal whereas the “ice-cream ball” is produced by tumor in the perimesencephalic cistern. This lesion is
indenting the middle cerebellar peduncle (brachium pontis). (c) Axial postgadolinium T1-weighted MRI| shows the usual
bright enhancement with oft-seen internal cystic change and/or necrosis.
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Figure 17.9. Magnetic resonance imaging (MRI) of a variant vestibular schwannoma. (a) Axial T2-weighted MRI displaying
a left cerebellopontine angle mass. This lesion does not exhibit the characteristic ice-cream-cone shape because it is
predominantly extracanalicular. Note the tumor-associated cyst adjacent to the posterior edge of the lesion (arrow); these
occur in a minority of cases. The cyst is the same signal intensity as cerebrospinal fluid (CSF). (b) Axial postgadolinium
fat-saturated T1-weighted MRI showing characteristic bright enhancement of the vestibular schwannoma. Note how the
tumor-associated cyst's signal intensity tracks that of the CSF (arrow).

meatus. This tumor is presented here to illustrate
that even benign tumors can be quite locally
destructive; so much so that they can resemble
malignant lesions radiologically: compare Figure
17.19 with examples of squamous cell carcinoma
(SCC) in Figures 18.16, 18.17, and 18.20. Secondary
malignancy, usually SCC, will arise in 5% of these
lesions.*

Tornwaldt Cyst

Tornwaldt (also known as “Thornwaldt”) cysts are
small solitary congenital cysts that are located in
the high posterior nasopharynx between the longus
coli muscles (Figure 17.20). They arise from small
foci of primitive pharyngeal mucosa that were
dragged superiorly from their original location by
the ascending notochord on its way to meet the
skull base. Most Tornwaldt cysts range from 0.2-
1.0cm in size although they can range up to 3 cm.

Because they contain mucus they are bright on
T2-weighted MRIs and isointense to muscle on T1-
weighted MRI and CT.* The rim may slightly
enhance with either CT or MRI contrast. These
lesions are benign and usually discovered inciden-
tally. The incidence at autopsy is 4%.*

Osteomas

Osteomas are focal benign neoplasms composed of
mature bone. In the head and neck these are
usually quite dense with imaging characteristics
similar to cortical bone (Figure 17.21). Osteomas
can be found in the mandible, maxilla,*® paranasal
sinuses, calvarium,* and adjacent to the external
auditory canal. They can be sessile or peduncu-
lated. These lesions usually occur sporadically but
are also seen in Gardner’s syndrome; a rare auto-
somal dominant inherited condition associated
with malignant colonic polyps.’’
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Figure 17.10. Computed tomography (CT) and magnetic resonance imaging (MRI) of a schwannoma enlarging the right
jugular foramen. (a) An axial CT (bone window), at the level of the condylar heads, displaying a well-defined radiolucency
produced by a schwannoma in the right jugular bulb; eroding into the mastoid air cells laterally and the clivus medially. The
sharp zone of transition between tumor and bone is characteristic of benign lesions. (b) Axial postgadolinium fat-saturated
T1-weighted MRI shows the usual bright enhancement seen in schwannomas. (c) Coronal postgadolinium fat-saturated T1-
weighted MRI revealing the schwannoma as a well-defined isointense structure compressing the right internal jugular vein.

Thalassemia

Thalassemia is an uncommon group of inherited
defects in the hemoglobin molecule that can lead
to severe anemia, most prominently in the homo-
zygous beta thalassemia subtype. The anemia trig-
gers extensive red marrow proliferation in the

medullary bony cavity; this produces coarse thick-
ened trabeculae, widening of the medullary cavity,
and cortical thinning. In the skull, new bone
forms beneath the periosteum in response to the
expanding marrow, causing a typical hair-on-end
appearance (Figure 17.22).*** Other hematopoetic
conditions that can affect the skull in a similar
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Figure 17.11. Magnetic resonance imaging (MRI) and computed tomography (CT) of a cerebellopontine angle meningioma
mimicking a vestibular schwannoma. (a) Axial postgadolinium T1-weighted MRI showing an enhancing hemisphere-shaped
left cerebellopontine angle (CPA) meningioma (white arrow). This is similar in appearance to the variant vestibular
schwannoma seen in Figure 17.9. Occasionally CPA meningiomas will spread out onto adjacent dura, forming a “dural
tail”; this feature is not seen with vestibular schwannomas. (b) Axial CT showing subtle bone sclerosis induced by the
meningioma in the apex of the right petrous temporal bone (long arrow). The meningioma is barely visible on this bone
window (arrowhead). A vestibular schwannoma will not induce sclerosis and, unlike a CPA meningioma, often produces

widening of the internal auditory canal.

manner include sickle cell disease, polycythemia
rubra vera, and hereditary spherocytosis.

Fibrous Dysplasia

The presentations of fibrous dysplasia (FD) are dis-
cussed in Chapter 9. FD is a sporadic disorder of
osteoblastic differentiation and maturation causing
medullary bone to be replaced with fibrous tissue.
The fibrous tissue produces expansion, leading to
deformity of the involved bone. The radiographic
appearance of the medullary cavity changes mark-
edly since it is now filled with dysplastic bone.
Typically this has been described as having a
ground-glass appearance on plain films.* In addi-
tion to this other descriptors have been used for
computed tomography, including “peau d’orange,”
“whorled,” “pagetoid,” and “smokey”* (Figures
17.23, 17.24). FD is a nonhereditary condition

although it can be associated with genetic mutation,
i.e., in McCune-Albright syndrome* (Figure 17.25).

Paget’s Disease

Paget’s disease (historically called osteitis defor-
mans) is a disorder of bone remodeling character-
ized by increased and disorganized bone turnover.*
This produces bony expansion and deformity, not
unlike FD. Both conditions evolve very slowly and
in the skull can produce lionlike facies termed
leontiasis ossea (see Chapter 10). Unlike FD, Paget’s
goes through three stages: an early lytic phase, also
called osteoporosis circumscripta, in which bone
resorption predominates; a “mixed” phase; and a
sclerotic phase in which the bones become dense.
The imaging findings between the two conditions
still overlap; the interested reader is referred to an
article by Tehranzadeh et al.*



Figure 17.12. Magnetic resonance imaging (MRI) of a left cavernous sinus meningioma. (a) Axial postgadolinium fat-
saturated T1-weighted image of a left cavernous sinus meningioma extending posterolaterally onto the petrous temporal bone
(arrows). (b) Coronal postgadolinium fat-saturated T1-weighted MRI showing the same meningioma as in (a). The tumor is
encasing the left cavernous sinus (arrow) and extending medially into the sella where itis mildly displacing the pituitary stalk to
the right (arrowhead).

Figure 17.13. Magnetic resonance imaging (MRI) of a meningioma encasing the right greater sphenoid wing, producing
marked hyperostosis. (a) Axial CT (bone window) of a right greater sphenoid wing meningioma producing marked hyper-
ostosis (long arrows). Note how the hyperostosis has extended medially to involve the right anterior clinoid process (arrow-
head). (b) Axial postgadolinium fat-saturated T1-weighted MRI showing the same tumor as (a). The central hyperostotic
bone is dark. The tumor surrounding the bone enhances brightly and has a layered “en plaque” morphology rather than
the usual globular shape (arrows). Note how the intraorbital component of the meningioma is producing proptosis.
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Figure 17.14. Computed tomography (CT) and magnetic resonance imaging (MRI) of a left optic nerve sheath meningioma.
(a) Axial postcontrast CT showing a meningioma arising from the left optic nerve sheath (arrows). (b) Axial T2-weighted
MRI displays the same meningioma as isointense to brain. (c) Axial postgadolinium fat-saturated T1-weighted MRI showing

characteristic bright enhancement through the meningioma.
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Figure 17.15. Magnetic resonance imaging (MRI) of a hemangioma within the orbital apex. (a) Axial postgadolinium fat-
saturated T1-weighted MRI displays characteristic bright enhancement of a hemangioma in the right orbital apex (arrow).
(b) Coronal postgadolinium fat-saturated T1-weighted MRI showing the same hemangioma (arrow).
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Figure 17.16. Computed tomography (CT) and magnetic resonance imaging (MRI) of intracranial arachnoid cysts. (a) Axial
postcontrast CT of a left anterior temporal arachnoid cyst. This is a very common location for this benign lesion. (b) Axial
T2-weighted MRI of the same cyst in (a). Since the cyst contains cerebrospinal fluid (CSF), the cyst signal is identical to
that of CSF elsewhere surrounding the brain. (c) Axial T2-weighted MRI showing a posterior fossa arachnoid cyst.
Scalloping of the adjacent inner table of the skull is a characteristic feature of arachnoid cysts (arrows). A benign devel-
opmental variant called a mega cisterna magna is found in the same location and can look almost identical; though lacking
inner table scalloping.
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Figure 17.17. Computed tomography (CT) of parotid pleomorphic adenoma. (a) Axial postgadolinium CT showing a pleo-
morphic adenoma arising in the left submandibular gland. The tumor is well circumscribed with a heterogeneous internal
appearance. Note the biopsy tract (arrow). (b) Axial postgadolinium CT showing recurrent pleomorphic adenoma arising
in a post right parotidectomy surgical bed. Note the similar internal architecture to (a).
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Figure 17.18. Computed tomography (CT), magnetic resonance imaging (MRI), and ultrasound of Warthin’s tumor. (a)
Axial postgadolinium T1-weighted CT of Warthin’s tumor in the right parotid gland (arrows). This is an intermediate-size
Warthin’s tumor and already exhibits moderate internal low density compatible with cystic change. (b) Coronal postgado-
linium T1-weighted MRI of same patient in (a) showing a heterogeneous well-circumscribed right parotid mass (arrows)
consistent with the pathologically proven diagnosis of Warthin's tumor. (c) Ultrasound image of same tumor in (a) and (b).
The hypoechoic (dark) areas are consistent with cystic change within the otherwise solid tumor. Images courtesy of Dr.
Sven Aippersbach.
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Figure 17.19. Computed tomography (CT) and magnetic resonance imaging (MRI) of an inverted papilloma arising in the
left maxillary sinus. (a) Coronal postcontrast CT showing extensive bone destruction from a left maxillary sinus inverted
papilloma. Although considered benign, this tumor has many of the characteristics seen in malignant tumors (see Chapter
17). (b) Axial postcontrast CT of same patient. Note how the tumor has invaded anteriorly into the pterygopalatine fossa
(arrowhead) and nasal cavity (small arrow). The intervening left sphenopalatine foramen is completely obliterated. (c) Axial
postgadolinium fat-saturated T1-weighted MRI. Note how the bones are not seen as well, but the soft tissue component
of the tumor is better visualized. The tumor has crossed midline into the medial right middle cranial fossa.
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Figure 17.20. Computed tomography (CT) and magnetic resonance imaging (MRI) of a patient with a Tornwaldt's cyst.
(a) Axial noncontrast CT (soft-tissue window) at the level of the insertion of the lateral pterygoid into the pterygoid pit of
the condyle reveals a round well-defined cystic lesion on the high midline posterior nasopharyngeal wall (white arrow). (b)
Axial T2-weighted MRI of patient (a) shows hyperintense signal within the cyst—the same as cerebrospinal fluid surround-
ing the brainstem. These cysts are benign and always occur in this location.

Figure 17.21. Computed tomography of osteomas affecting the medial orbital walls and jaws. (a) Lateral radiograph of the
skull in a patient with Gardner’s syndrome showing dense lesions superimposed on the anterior orbit and multiple radiopaci-
ties in the jaws (arrows). Figure 10.11 displays the panoramic radiograph of this case. (b) Axial CT of the same patient in
(a) showing osteomas arising from the medial wall of both orbits (arrows). On the right the lesion is displacing the medial
rectus muscle laterally and slightly indenting the right optic nerve, producing mild proptosis. This lesion is separated from
the adjacent bone by a radiolucent zone. Reprinted with permission from Lee BD, Lee W, Oh SH, Min SK, Kim EC. A case
report of Gardner syndrome with hereditary widespread osteomatous jaw lesions. Oral Surg Oral Med Oral Pathol Oral
Radiol Endod 2009;107:e68-72.

298



Figure 17.22. Computed tomography (CT) of thalassemia. (a) The scout view displays the characteristic hair-on-end tra-
becular pattern involving the entire calvarium. The maxillary antrums have been completely obliterated due to the expanding
bone. (b) Axial CT section (bone window) displays complete obliteration of the sphenoid sinus and most of the ethmoid air
cells. The overall presentation is that of thick coarse trabeculae. The cortex in places is partially replaced. This is particularly
obvious in the medial orbital walls. Note how the ethmoid sinuses are not involved; this is due to lack of red marrow in
these bones. (c) Coronal section (bone window) through the anterior clinoid process displays complete obliteration of the
sphenoid sinus and complete replacement of normal bone everywhere with thickened coarse trabeculae.
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Figure 17.23. Computed tomography of fibrous dysplasia affecting the base of the skull and frontal bone. (a) A postero-
anterior conventional radiograph of the skull displaying a mixed density expansile lesion with associated loss of the left
orbital roof. (b) Axial CT (bone window) displaying a dysplastic lesion replacing the body of the left sphenoid, pterygoid,
and maxilla. The appearance of the bone is peau d’'orange with radiolucent areas. The dysplastic lesion has expanded into
the orbit, producing proptosis (exophthalmos) of the right eye. (c) Axial CT (bone window) at the level of the roof on the
nose and right orbit. The dysplastic bone is partially radiolucent with interspersed radiopacities as observed in (a).
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Figure 17.24. Computed tomography (CT) (bone windows) of fibrous dysplasia (FD). (a) Axial CT at the level of optic canal
and clinoid processes. Calcification of the petroclinoid ligaments is apparent (white arrows). FD affects the left sphenoid,
ethmoid, and temporal bones. The dysplastic bony process barely crosses the left temporo-occipital suture to affect the
occipital bone. The left petrous temporal bone is completely affected. The adjacent mastoid air cells are almost completely
absent. The left vertical semicircular canal is apparent and the sclerosis bordering it similar to the unaffected side. The
dysplastic bone exhibits a ground-glass appearance. (b) Axial CT at the level of the globe (eyeball) and right condylar head.
The body and greater wing of the left sphenoid bone are affected. The right foramina ovale (long black arrow) and spinosum
(short black arrow) are clearly visible just posterior to extensive lateral right sphenoid sinus pneumatization. (c) Axial of
T2-weighted MR, atthe level of the globe (eyeball). The dysplastic bone is mostly hypointense; although some parts exhibit
slightly higher signal intensity in inverse proportion to the amount of dense bone in different parts of the lesion. d) Coronal
postgadolinium T1-weighted MRI displaying increased signal in the dysplastic bone; now isointense to hyperintense.
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Figure 17.25. Sagittal computed tomograph of McCune-
Albright's syndrome. Fibrous dysplasia (FD) has affected
the sphenoid bone, clivus, and occipital bone in addition to
the hard palate, maxilla, and mandible. This case does not
display basilar invagination (BI; also called basilar impres-
sion). Note 1: FD affecting the base of the skull may be
affected by (BI). Bl is determined by observing the relation
of the dens to either the McGregor’s or Chamberlain’s line.
Note 2: McGregor’s line (red) joins the posterior margin of
the hard palate withthe under surface of the occipital bone.
The tip of the odontoid should NOT be more than 7mm
above this line. Note 3: Chamberlain’s line (yellow) joins
the posterior margin of the hard palate with the opisthion
(posterior margin of foramen magnum) of the squamous
occipital bone. The tip of the odontoid should NOT be more
than 5mm above this line.
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Chapter 18
Malignant lesions

This chapter focuses on the imaging of malignant
lesions arising in bone or soft tissue structures of
the skull and aerodigestive tract. Ninety percent of
such malignant lesions are squamous cell carcino-
mas arising from the oral cavity or pharynx; these
are dealt with at the end of the chapter.

Malignant Lesions Affecting the
Bones of the Skull Base

MULTIPLE MYELOMA

Multiple myeloma, introduced in Chapter 9, is a
malignancy of plasma cells found in bone marrow
and lymphatics. It occurs in older people and in
North Americait is approximately twice as common
in African-Americans as in Caucasians (3-10 cases
per 100,000). This disease most commonly has a
widespread distribution through the bone marrow
cavities though occasionally can present as a soli-
tary lesion (solitary plasmacytoma). It is the most
common primary bone tumor affecting the cranial
vault. Myeloma in the calvarium will cause
punched-out lucent lesions. These, in advanced
cases, lead to a salt-and-pepper appearance. On CT
there will be loss of the trabecular pattern in the
marrow space (Figure 18.1).!

CHORDOMA

Chordomas are rare, slowly expansile malignant
neoplasms thought to arise from embryonic noto-
chord remnants. They can occur anywhere in the
axial skeleton. Thirty-five percent arise in the skull
base, predominantly in the midline and usually
involving the clivus and/or dorsum sellae.* The
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average age at diagnosis is approximately 50 years.
Chordomas rarely metastasize and are locally
aggressive, producing symptoms from cranial nerve
compression and destruction of local skull base
structures.® As such, these patients often present
with diplopia due to third and sixth nerve involve-
ment.* On computed tomography (CT) chordomas
are seen as lobulated midline mass lesions, often
with flecks of internal calcification (Figure 18.2a,b).
On magnetic resonance imaging (MRI) they are
hyperintense on T2-weighted images (Figure 18.2c)
with heterogeneous enhancement on postgadolin-
ium sections® (Figure 18.2d).

OSTEOSARCOMA AND
CHONDROSARCOMA

Osteosarcoma and chondrosarcoma (introduced in
Chapter 10) are the first and second, respectively,
most frequent malignant tumors of bone. Despite
this, extragnathic osteosarcoma affecting the skull
base or vault is very rare; reported cases are often
radiation-induced.®’ Imaging findings in the skull
are similar to those in the jaws.

Chondrosarcomas of the skull base most
often arise at synchondroses between membranous
bones; especially in the petroclival fissure (Figure
18.3). In contrast to chordomas that occur in the
midline, these tumors arise in a paramedian posi-
tion. Lower-grade lesions expand locally producing
cranial nerve deficits much like those caused by
chordomas. The higher-grade lesions rarely metas-
tasize, but if they do, it is usually to the lungs.
Chondrosarcomas can also occur in the cavernous
sinus, superior midline nasal septum, and laryn-
geal cartilage (Figure 18.4).5° They are composed
of chondroid matrix; hence on CT they often con-
tain an irregular lattice of internal calcification.
Chondrosarcomas are well-circumscribed lobulated
tumors that exhibit low to isointense T1-weighted
signals, hyperintense T2-weighted signals, and het-
erogeneous enhancement on MRI.



Figure 18.1. Multiple myeloma affecting the skull. (a)
Lateral projection of the skull. Note the salt-and-pepper
appearance of the cranial vault produced by numerous
myelomatous deposits. (b) Axial CT (bone window). Note
the focal loss of bony trabeculae within the clivus (long
arrow) and the left basal pterygoid plate (short arrow).

OLFACTORY NEUROBLASTOMA

Olfactory neuroblastoma (esthesioneuroblastoma)
is a malignant tumor arising from olfactory epithe-
lium in the nasal vault; most commonly at the
cribriform plate. It is an uncommon lesion, com-
prising 3% of all intranasal tumors" and 5-6% of
malignant nasal masses. It most often presents
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with symptoms of unilateral nasal obstruction with
or without epistaxis. Due to initial lack of severe
symptomatology these tumors present late and are
often large at the time of diagnosis. Radiologically
these lesions will traverse the cribriform plate,
forming an intracranial component.!* On CT and
MRI they vividly enhance, filling one or both sides
of the nasal cavity. They are locally invasive
(Figures 18.5, 18.6) and will rarely metastasize to
retropharyngeal nodes."

NASAL LYMPHOMA

Primary nasal lymphoma is more frequent in East
Asians, being quite rare in Caucasians. The most
common subtype is diffuse large B-cell lymphoma
(Figure 18.7), followed by T<cell natural killer
(T/NK)." It is mentioned here to point out that
lymphoma can mimic many different types of
tumors in different parts of the body, and the nasal
cavity is no exception. Note the similarity to both
olfactory neuroblastoma (see Figure 18.5, 18.6),
and sinonasal undifferentiated carcinoma (Figure
18.8). This tumor can also mimic the far more
common squamous cell cancer, which also has a
high prevalence in East Asians.

SINONASAL UNDIFFERENTIATED
CARCINOMA (SNUC)

Sinonasal undifferentiated carcinoma (SNUC) is a
bad actor. This extremely malignant neoplasm
grows rapidly and metastasizes early (Figure 18.8).
It has a poor prognosis despite aggressive multi-
modality therapy.”*-. Histologically it is a neuro-
endocrine carcinoma, belonging to the same group
as olfactory neuroblastoma. SNUC accounts for
approximately 3% of upper aerodigestive tumors
and most often occurs in the nasal cavity. As such,
it often exhibits intracranial and orbital invasion
when diagnosed.'>!® The symptoms it produces at
presentation are common to other sinonasal dis-
eases (nasal obstruction, unilateral pain, epistaxis).
On CT and MRI, these tumors look similar to squa-
mous cell cancer; an enhancing locally destructive
mass.

MALIGNANT SALIVARY
GLAND NEOPLASMS

Malignant salivary gland neoplasms can be divided
into epithelial and nonepithelial tumors. The



Figure 18.2. Computed tomographic (CT) and magnetic resonance imaging MRI of chordoma. (a) An axial postcontrast CT
(soft-tissue window) of a well-defined chordoma destroying the clivus and extending anteriorly to fill the sphenoid sinus and
abut posterior ethmoid air cells (arrows). Posteriorly the lesion grossly indents the brainstem and displaces the basilar artery
to the left. (b) Coronal postcontrast CT (soft-tissue window) of the same lesion in (a) expanding the sphenoid sinus and
destroying the right lateral wall (arrows). The condylar heads and odontoid process are displayed. The arteries exhibit greater
enhancement than the right jugular vein. (c) An axial T2-weighted MRI at the level of the optic nerve traversing the optic
canal, displaying a heterogeneous, well-defined chordoma centered in the dorsum sellae. It is expanding into the left tem-
poral lobe and the midbrain. The optic chiasm is not seen since it is displaced superiorly. d) An axial postgadolinium fat-
saturated T1-weighted MRI at a level near (c). (e) Sagittal postgadolinium T1-weighted fat-saturated MRI showing a
well-defined lobulated lesion destroying the clivus and extending anteriorly over the dorsum sellae into the pituitary fossa.
It has also expanded posteriorly against the midbrain and pons. (f) Coronal fat-saturated T1-weighted MRI of the same
lesion.



Figure 18.2. (Continued).

epithelial neoplasms can be further subdivided into
carcinomas that differentiate toward acinar, ductal,
myoepithelial, or mixed cell types; low- or high-
grade adenocarcinomas; and carcinomas arising
from benign mixed tumors (malignant mixed
tumors). In most series, mucoepidermoid carci-
noma is the most common epithelial salivary car-
cinoma'®® followed by adenoid cystic carcinoma.
Other common types of salivary gland carcinomas
include acinic cell carcinoma and polymorphous
low-grade adenocarcinoma. There are a host of
other rare carcinomas including basal cell, clear
cell, cystadenocarcinoma, oncocytic, mucinous,
salivary duct, sebaceous, squamous, adenocarci-
noma not otherwise specified (NOS), myoepithelial,
epimyoepithelial, and small and large cell undif-
ferentiated tumors (see later in this chapter).
Malignant mixed tumors include carcinoma ex
pleomorphic adenoma and carcinosarcoma. Nonep-
ithelial tumors include various types of lymphomas
and mesenchymal neoplasms, such as malignant
schwannomas, fibrosarcomas, et cetera. This clas-
sification scheme follows that put forth by Ellis at
the U.S. Armed Forces Institute of Pathology (AFIP).*!
The reader should be aware that there is some
variation in the literature regarding nomenclature
and classification of salivary gland tumors. For
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instance, many adenocarcinomas will also com-
monly be called carcinomas. Adenocarcinoma NOS
is a catchall classification for those salivary malig-
nancies that show ductal or glandular differentia-
tion but cannot be easily placed in a specific
category. The most common tumors will be
described here. In general, the relative incidence of
salivary gland malignancy is inversely proportional
to the size of the gland with the highest frequency
of malignancy found in the minor glands.

MUCOEPIDERMOID CARCINOMA

Mucoepidermoid carcinomas (MEC) are distrib-
uted equally between major and minor salivary
glands.” In the major salivary glands, MEC most
commonly occurs in the parotid.”® In the minor
salivary glands this tumor vies with adenoid cystic
carcinoma for the most frequent malignant neo-
plasm.*® The average age at diagnosis is 56 years
with an age range between 13 and 85 years. MEC
occurs sporadically but is also associated with
prior exposure to therapeutic ionizing radiation.?®
Histologically, MEC contains multiple cellular
elements including squamous and mucin-secreting
cells. The latter cell type accounts for its inhomo-
geneous enhancement on CT and MRI. Low-grade



Figure 18.3. Computed tomography (CT) and magnetic resonance imaging (MRI) of a right petroclival fissure chondrosar-
coma. (a) Axial postcontrast CT (soft-tissue window) displaying a well-defined chondrosarcoma centered in the right pet-
roclival fissure, eroding into the right inferolateral clivus and expanding laterally into the jugular foramen. This is a typical
location for this tumor. (b) Axial T1-weighted MRI of the same patient in (a). The lesion (white arrows) has traveled poste-
riorly through the right jugular foramen into the posterior cranial fossa and has extended anteromedially into the right fossa
of Rosenmuller (white arrowhead). (c) A sagittal T1-weighted MRI displaying inferior extension of the lesion through the
jugular foramen and down the jugular sheath.
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Figure 18.4. An axial postcontrast computed tomography
(CT) (soft-tissue window). Low-grade chondrosarcoma
involving the right thyroid cartilage of the larynx. The lesion
does not enhance but has a hypodense center, suggestive
of necrosis.

tumors present as a well-defined heterogeneous
mass with sharp margins, low T1-weighted and
low T2-weighted signals. Higher-grade—i.e., more
malignant—MECs exhibit less well-defined borders
with greater enhancement (Figure 18.9).

ADENOID CYSTIC CARCINOMA

Adenoid cystic carcinoma is a slow-growing, insidi-
ous, locally invasive tumor. On CT it presents as
an enhancing mass, sometimes with adjacent bone
erosion (Figure 18.10). On MRIthe tumor is usually
seen as a Tl-weighted hypointense, mildly T2-
weighted hyperintense lesion that moderately
enhances (see Figure 18.11). These characteristics
are not specific and are also seen in other head
and neck neoplasms. Lower grade tumors are often
well circumscribed and high grade lesions tend to
have a poorly defined border. The mean age at
diagnosis is 50 years and like mucoepidermoid
carcinoma there is a wide age range (13-89 years).%

One particularly bad behavior of adenoid
cystic is perineural spread; this is seen in 69 % of
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cases and is associated with increased treatment
failures.?*” Perineural spread is diagnosed on CT
via widening of associated neural foramina (Figure
18.10) and on MRI as postgadolinium enhance-
ment within foramina (Figures 18.11b, 18.12b).*®
These findings are often subtle and due to a high
pretest probability, a pathologic diagnosis of
adenoid cystic carcinoma should prompt careful
radiologic examination of all neural foramina asso-
ciated with cranial nerves that pass through or
nearby the lesion. MRI is currently the best modal-
ity for this; reaching a sensitivity of 95 % .*° Imaging
detection of perineural spread is important because
30-45% of perineural invasion is clinically asymp-
tomatic® and the presence of perineural spread
correlates with a decreased 5-year survival rate.*!
Radiation oncologists will also try to include visible
regions of perineural spread in their treatment
plan. Perineural spread is also seen with squamous
cell carcinoma and occurs much less frequently
with other head and neck neoplasms.

ACINIC CELL CARCINOMA

Acinic cell carcinomas are unusually slow-growing
neoplasms containing clusters of cells with serous
acinar differentiation. The mean age at diagnosis
is 52 years.*® The majority occur in the parotid
gland (86%),* and acinic cell carcinoma is the
most common malignant salivary neoplasm to
present bilaterally (3% of cases®). On CT and MRI,
the appearance is nonspecific, similar to other
small benign (and some malignant) salivary gland
tumors (Figure 18.13). Diagnosis is usually obtained
by fine needle aspiration biopsy.

OTHER RARE MALIGNANT
SALIVARY NEOPLASMS

A sampling of rare salivary gland neoplasms are
presented in Figure 18.14. The appearance of these
lesions correlates with their degree of biological
aggressiveness; for example, the mucinous adeno-
carcinoma in Figure 18.14c is destroying bone,
so it is more likely a high-grade lesion. Otherwise
the appearance is generally nonspecific with regard
to the histological subtype, and diagnosis is made
by biopsy or excision rather than by imaging.
Figures 18.14a-d are epithelial neoplasms. Figure
18.14e is a nonepithelial tumor: diffuse large B-cell
lymphoma.



Figure 18.5. Computed tomography (CT) and magnetic resonance imaging (MRI) of an olfactory neuroblastoma involving
the left nasal cavity, ethmoid air cells and orbit. (a) Axial CT (bone window) at mid orbital level showing opacification of
the left ethmoid air cells. The bony left ethmoid sinus is partially destroyed. Tumor has extended through the medial wall
of the left orbit to elevate the left medial rectus muscle and produce mild proptosis. (b) Axial T2-weighted MRI at the level
of the superior orbital cavity displays a well-defined mildly lobulated isointense lesion centered in the left nasal cavity (white
arrows). Just posterior to the mass is a fluid-filled sphenoid sinus showing high T2 signal (black arrow). Another small fluid
collection is seen lateral to the mass (white arrowhead). (c) Coronal postgadolinium fat-saturated T1-weighted MRI display-
ing a lobulated enhancing mass filling the left nasal cavity and ethmoid air cells. It is expanding laterally into the orbit and
maxillary antrum. Tumor is extending through the cribriform plate to indent the olfactory gyrus of the left frontal lobe (arrow).
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Figure 18.6. Computed tomography (CT) and magnetic resonance imaging (MRI) of an olfactory neuroblastoma centered
in the nasal cavity and extending upward through the floor of the anterior cranial fossa. (a) Axial CT (bone window) showing
involvement of the ethmoid air cells. (b) Axial postgadoliniun fat-saturated T1-weighted MRI showing enhancement of the
neuroblastoma. The nonenhancing posterior part consists of proteinacious fluid. (c) Coronal postgadolinium fat-saturated
T1-weighted MRI showing the neuroblastoma. Note that the mucosa of both antral floors and of the inferior concha are
thickened and hyperintense, suggesting that they are inflamed.
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Figure 18.7. Coronal postgadolinium fat-saturated T1-
weighted magnetic resonance imaging of a large B-cell
lymphoma affecting the left nasal cavity, ethmoid, and
maxillary sinuses.

Squamous Cell Carcinomas of the
Aerodigestive Tract

Squamous cell carcinoma (SCC) arises from the
epithelial layer of the nasopharynx, oral cavity, and
larynx and is the most frequent primary malig-
nancy observed in dental practice. In Canada, an
estimated 3400 new cases of oral cancer occurred
in 2008 with a 2:1 male to female ratio. In 2005,
the age-standardized incidence rates for nasopha-
ryngeal, lip, floor of mouth, oropharyngeal, hypo-
pharyngeal, and laryngeal sites were 0.61, 0.76,
0.56, 0.32, 0.55 and 2.85 cases per 100,000, respec-
tively. Up to 95% of these cancers are SCCs.* The
median age at diagnosis is 60 years with a 5-year
combined survival of approximately 60%.* The
most important associated risk factors for oral
cancer are tobacco and alcohol. Smokers have a
5-25 times higher risk of oral cancer,” and 75% of
all oral cancers are attributable to smoking. Heavy
alcohol consumption (>30 drinks/week) increases
the risk by 9 times®; combining alcohol and
smoking increases the risk by 15 times or more.*®
The presence of dentures is not a risk factor in
itself though sores caused by ill-fitting dentures

have been associated with increased SCC inci-
dence.***® Viral-induced carcinogenesis plays a
role; human papilloma virus infection is strongly
associated with oropharyngeal SCC.***' Epstein-
Barr virus has also been associated with aerodiges-
tive SCCs, particularly in nasopharyngeal carcinoma
(NPC: SCC of the nasopharynx), though it is so
ubiquitous that it has been hard to prove a causal
role.**** For NPC there is a significantly higher
incidence in East Asians. It is thought to be related
to eating salted fish with high levels of nitrosa-
mines.” The worldwide age distribution for NPC
is bimodal with peaks between 15-24 and 65-79
years.*

In the aerodigestive tract SCC will typically
present a surface abnormality (e.g., erythroplakia,
leukoplakia) or a palpable mass. SCC tends to
occur in characteristic locations; in the nasophar-
ynx the fossa of Rosenmuller (FOR) is a common
site (Figures 18.15-18.17). Posterior NPCs initially
produce mild nonspecific symptoms—i.e., Eusta-
chian tube obstruction leading to chronic otitis
media, referred pain to the ear, or epistaxis. This
makes them challenging to discover at an early
stage. As the tumor advances it will characteristi-
cally begin to invade adjacent cranial foramina,
most commonly traveling superiorly through the
foramen ovale into Meckel’s cave (the cave of dura
mater which contains the trigeminal ganglion) to
produce trigeminal nerve symptoms.*” From here
the tumor can extend into the cavernous sinus,
occasionally affecting the intracavernous portion of
the abducens (6th cranial) nerve to produce lateral
rectus muscle palsy and hence diplopia.*® Once in
the cavernous sinus, tumor can travel anteriorly to
reach the superior orbital fissure and immediately
below this extend through the foramen rotundum
(Figure 18.16d) into the pterygopalatine fossa. The
fossa of Rosenmuller tumor can also travel anteri-
orly to wrap around the lateral pterygoid plate into
the infratemporal fossa. From here cancer can
extend medially to enter the pterygopalatine fossa
(Figure 18.16a), sometimes connecting to its fellow
that has traveled to the same location through the
cavernous sinus and foramen rotundum. Tumor in
the pterygopalatine fossa can pass medially through
the sphenopalatine foramen into the nasal cavity
(Figure 18.16a). There are other locations where
NPC can enter the skull; sometimes tumor will
travel superiorly through the carotid canal, petro-
clival fissure (Figure 18.16a,c), and/or hypoglossal
canal. The latter course will cause hypoglossal
nerve dysfunction leading to unilateral tongue



Figure 18.8. Computed tomography (CT) and magnetic resonance imaging (MRI) of a sinonasal undifferentiated carcinoma
(SNUC) invading the base of the skull. (a) Axial CT (soft-tissue window) showing a soft-tissue mass obliterating the right
ethmoid air cells. The SNUC has destroyed much of the lateral wall of the nose and has invaded the medial aspect of the
orbital cavity. The right eye now exhibits proptosis. (b) Axial postgadolinium T1-weighted MRI reveals mildly heterogeneous
enhancement though the SNUC. The involvement of the orbital cavity is more marked and the eye displays more proptosis.
(c) Coronal postgadolinium T1-weighted MRI reveals enhancement throughout the SNUC. Extensive invasion of the right
orbit with encasement of the medial orbital muscles and destruction of the floor of the anterior cranial fossa is obvious. The
tumor is compressing the inferior part of the left frontal lobe.
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Figure 18.9. Magnetic resonance imaging (MRI) of high-grade mucoepidermoid carcinoma (MEC) of the right parotid gland.
(a) Axial postgadolinium fat-saturated T1-weighted MRI showing a right parotid MEC (arrows). Note how the posterior
border is less well defined, suggestive of a high-grade lesion (arrowhead). (b) Coronal postgadolinium fat-saturated

T1-weighted MRI of the same patient in (a).

atrophy (Figure 18.17a,b). Once inside the skull
tumor can elevate the dura (Figure 18.16a), occa-
sionally forming a mass large enough to compress
the brain (Figure 18.16c). From here, tumor will
rarely cross the dura to invade cerebral tissue.
NPC will also directly invade bone of the skull
base; this is the next most frequent route to intra-
cranial invasion after foramen ovale.”” Clival inva-
sion also occurs frequently. MRI is much more
sensitive than CT for detecting early clival inva-
sion; the earliest sign of bone invasion is loss of
high T1 fatty marrow signals. This can occur before
any bone loss is evident on CT. CT has the upper
hand when it comes to evaluating the severity and
extent of bone destruction. Early to moderate bone
invasion by aggressive carcinoma will produce a
permeative or moth-eaten pattern on CT where the
overall bone density decreases and the bone mark-
ings become indistinct (Figure 18.18; see also
Figure 18.10 for the same pattern produced by
adenoid cystic carcinoma). Without treatment the

bone involvement will progress, producing com-
plete destruction or a lytic pattern (Figure 18.19).
When the bone is completely destroyed the dark
cortical margin will disappear on MRI (Figures
18.20d; 18.21a,b).

Compared to the naso/oro/hypopharynx,
SCC arises less frequently in the paranasal sinuses
(PNS). The majority of PNS SCCs occur in the
maxillary sinus (46%).* This is of particular inter-
est to the OMF practitioner because most maxillary
sinus SCCs present at an advanced stage *>*'; hence
bone destruction resulting from this tumor will
often be visible on panoramic radiographs (Figure
18.20a).

Due to an extensive lattice of retropharyngeal
lymphatics and relatively innocuous initial symp-
toms, approximately half of patients with NPC will
initially present to their clinical attendants with
palpable, often bilateral metastatic cervical ade-
nopathy. The lymphatic drainage of the nasophar-
ynx is such that enlarged retropharyngeal nodes



Figure 18.10. Computed tomography (CT) of adenoid
cystic carcinoma arising within the sphenoid sinus produc-
ing neural foraminal widening and a permeative bone
pattern. (a) An axial postcontrast CT through the roof of
the orbit showing obliteration of the sphenoid sinus with
bone destruction with invasion of adjacent structures.
Tumor is seen traveling through foramen rotundum (black
arrow) and the left cavernous sinus (white arrow), dilating
the former structure. (b) A coronal CT bone window, at the
level of the pterygoid plates, showing extensive pterygoid
and mid-sphenoid permeative infiltration with tumor. The
white arrow points to a mildly enlarged left foramen rotun-
dum; its fellow is also enlarged.
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Figure 18.11. Postgadolinium fat-saturated T1-weighted
magnetic resonance imaging (MRI) of adenoid cystic car-
cinoma arising in the right fossa of Rosenmuller. (a)
Adenoid cystic carcinoma producing a right fossa of
Rosenmuller mass (arrow). This is similar to the far more
common squamous cell cancer seen here. The lesion is
compressing the Eustachian tube, causing the right
mastoid air cells to fill with fluid and become inflamed. (b)
Coronal section from the same patient. Tumor is extending
superiorly from the right fossa of Rosenmuller (oblique
arrow) through foramen ovale (vertical arrow).



Figure 18.12. Computed tomography (CT) and magnetic resonance imaging (MRI) of adenoid cystic carcinoma showing
perineural spread. (a) Axial CT (soft tissue window) showing an adenoid cystic carcinoma arising in the left parotid gland
(arrow). (b) Axial postgadolinium T1-weighted MRI of same patient as (a). Abnormal enhancement is present in the genicu-
late ganglion of the left facial nerve (arrow) due to retrograde perineural spread from tumor invading the facial nerve within
the left parotid gland. (c) Axial postgadolinium fat-saturated T1-weighted MRI of a different patient showing perineural
spread of adenoid cystic carcinoma along the left lateral cutaneous nerve (arrows). The original lesion was in the left sub-
mandibular gland; this was excised and the tumor recurred in the latter nerve. d) Sagittal noncontrast T1-weighted MRI
showing a thickened lateral cutaneous nerve from adenoid cystic carcinoma perineural spread.
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Figure 18.13. Axial postcontrast computed tomography
(CT) (soft-tissue window). Acinic cell carcinoma of the left
parotid gland. Note the mild rim enhancement (arrow).

are frequently seen*; by definition these nodes lie
medial to the internal carotid arteries. They are
also named the “nodes of Rouviere” after Henri
Rouviere (1876-1952) (see Figure 18.15a and
Figure 18.29, later in this chapter). Metastatic
internal jugular and posterior cervical triangle
chain adenopathy is also commonly seen with
NPC.

The oral cavity includes the lips, buccal
mucosa, both alveolar ridges, the anterior 2/3 of
the tongue, retromolar trigones, the floor of the
mouth and the palate.’ In this region the most
frequent site of SCC occurrence is the lip (related
to sun exposure), followed by the tongue and floor
of the mouth. SCC also arises in the retromolar
trigone, gingival and buccal and gingival mucosa.

SCC of the retromolar trigone are uncommon,
spread early, and carry a poor prognosis.”* The
presence of bony invasion is an important piece of
information for establishing prognosis and guiding
therapy for these and other oral cancers. CT is the
most often used modality for assessing cortical
bony invasion for which it is effective.** For this
location it is important to reconstruct additional
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images in the coronal plane for best sensitivity.
This is because any bony defects associated with
retromolar trigone tumors will lie nearly parallel to
the axial plane. In order to optimally detect such
defects an imaging plane perpendicular to the axis
of the lesion should be selected (see Figure 18.24).
MRI can also be used for evaluation of bone
involvement.*

SCCs arising from the lateral and superior
surfaces of the tongue are usually first discovered
by the patient or OMF practitioner due to observ-
able ulceration and/or a palpable mass. Although
these tumors are easily seen by direct observation,
they can be challenging to detect on CT studies
due to bone hardening artifact from the adjacent
mandible. Floor of mouth SCCs can be difficult to
detect on CT since their enhancement can be
masked by similar enhancement from normal adja-
cent sublingual salivary glands. Such carcinomas
are more easily seen on MRI. Anterior floor-of-
mouth carcinomas will occasionally obstruct the
submandibular (Wharton’s) duct at its ostium,
causing duct dilatation. Such dilatation is a valu-
able clue to the presence of a small occult anterior
floor of mouth carcinoma (Figure 18.22). Occasion-
ally these tumors will erode into the adjacent man-
dible; this is best detected on CT and also an
important piece of information for presurgical
planning.

The oropharynx lies posterior to the oral
cavity and includes the posterior third of the
tongue, bounded by the circumvallate papillae, the
posterior pharyngeal wall, the soft palate and
uvula, and the palatine tonsils. It ends superiorly
at the junction of the hard and soft palate, inferi-
orly at the hyoid bone/valleculae, and anteriorly at
the palatoglossal arch, i.e., the anterior tonsillar
pillars. The posterior pharyngeal wall abuts the
second and third cervical vertebrae.

Oropharyngeal soft palate SCCs will eventu-
ally destroy the hard palate and spread onto the
tonsillar pillars. This tumor can involve the pala-
tine branches of the maxillary nerves en route to
exhibit perineural spread.>® Such behavior is more
common with adenoid cystic carcinoma but is also
seen with SCC.

In the palatine tonsil almost all SCCs arise in
the anterior pillar. Smaller lesions are sometimes
challenging to detect here via cross-sectional
imaging and are best seen on clinical exam. As the
tumor enlarges it will first extend superiorly and
inferiorly, invading the tongue base and soft palate



Figure 18.14. Rare malignant salivary gland neoplasms. (a) Axial T2-weighted MRI of a carcinoma ex pleomorphic
adenoma of the right parotid gland (b) Axial postcontrast CT of a myoepithelial carcinoma of the left parotid gland. (c) Axial
postcontrast CT of a carcinosarcoma of the right submandibular gland. d) Axial postcontrast CT of a mucinous adenocar-
cinoma destroying the left mandible. Not only has it substantially destroyed the vertical ramus, but it has displaced the
remnant buccally as defined by a broken line of dots just under the masseter muscle. Note the metallic spray artifact
anteriorly. (e) Axial postcontrast CT of diffuse large B-cell lymphoma involving both parotid glands.
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Figure 18.14. (Continued).

(Figure 18.23). Highly aggressive lesions will travel
laterally, traversing the boundaries of multiple
fascial compartments to reach subcutaneous fat
(Figure 18.24). Tonsillar and soft palate cancers
commonly metastasize to retropharyngeal, internal
jugular, and posterior cervical triangle chain nodes
(Figure 18.24c,d).

SCC of the tongue base are often initially
silent and when discovered tend to be larger and
more advanced. From an imaging perspective these
SCCs are difficult to detect on contrast-enhanced
CT because they are nearly isointense to surround-
ing normal enhancing glossal lymphatic tissue
(i.e., the lingual tonsil). Radiologically the tongue
base is a major “blind spot” where tumors can
hide; hence this area should be carefully evaluated
whenever the OMF practitioner is confronted
with metastatic adenopathy with no obvious pri-
mary cancer. MRI is much more sensitive than CT
vis a vis the tongue base and is the primary modal-
ity used for assessment here (Figure 18.25); PET-CT
is even more sensitive than MRI.

SCCs of the anterior tongue and floor of the
mouth will metastasize to submental, submandib-
ular, and jugular chain nodes, often bilaterally.
SCCs of the posterior tongue will more often metas-
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tasize to internal jugular and posterior cervical
triangle chain nodes.

Hypopharyngeal cancers are uncommon,
accounting for less than 1% of all new cases in
Canada. The hypopharynx lies posterior to the ary-
epiglottic folds and extends between the hyoid
bone and the cricopharyngeus muscle (approxi-
mately the lower edge of the cricoid cartilage).
Below the cricopharyngeus the hypopharynx con-
tinues on as the cervical esophagus. In North
America the majority of hypopharyngeal SCCs
(65-85%) arise in the pyriform sinus. This is
important because the pyriform sinus is another
“blind spot” where tumors are difficult to detect
on postcontrast CT; 10-20% of hypopharyngeal
SCCs are found on the posterior wall and 5-15%
in the post cricoid area.””*®

Laryngeal cancer is the most common upper
aerodigestive tract SCC; in 2005 these were four
times as prevalent as the next nearest contender:
cancer of the lip. Ninety-five percent of laryngeal
cancers are SCCs and these cancers are five times
more common in men.* An estimated 12,290 new
cases was expected to occur in the USA in 2009
with 3,660 deaths.*® The larynx lies anterior to the
hypopharynx and extends between the glosso/
pharyngoepiglottic folds and cricoid cartilage. It
can be divided into supraglottic, glottic, and infra-
glottic portions; the glottis comprises the true vocal
cords. Although the majority of laryngeal SCCs
occur in the glottis (Figure 18.26), metastatic ade-
nopathy occurs much more frequently with supra-
glottic tumors due to the relatively rich supply of
lymphatics in this location (Figure 18.27).

“UNKNOWN PRIMARY” CANCER OF
THE HEAD AND NECK

When a patient presents with predominantly basal
metastatic cervical adenopathy and no clinically
obvious primary tumor the chest and abdominal
pelvic regions should be searched for a primary
lesion via CT. Lung tumors can metastasize to the
basal cervical region and tumors in the abdomen
can travel up paraspinal lymphatics to lodge in the
left prescalene node near the thoracic duct. The
latter node is called a sentinel or signal node
because of its ability to signal the presence of
tumor in the abdomen. It is also named Virchow’s
node after Ruldolf Virchow (1821-1902).50¢
When metastatic nodal disease is found pre-
dominantly in the mid- and upper neck a search



Figure 18.15. “Classic” nasopharyngeal carcinoma (NPC) of the fossa of Rosenmuller with nodal metastases. (a) Axial
postgadolinium fat-saturated T1-weighted MRI through the superior nasopharynx showing squamous cell carcinoma in the
left fossa of Rosenmuller (arrows). This is a common location. (b) Axial postgadolinium fat-saturated T1-weighted MRI at
the level of the maxillary alveolar ridge a large metastatic left retropharyngeal node is seen (arrows). This is also termed
a “node of Rouviére.” These nodes are by definition located medial to the internal carotid artery (large arrowhead). There
is also a tiny right node of Rouviére present. (c) Axial postgadolinium fat-saturated T1-weighted MRI at a level through the
floor of the mouth. An enlarged metastatic left internal jugular chain node is seen (white arrow). The submandibular glands
exhibit more enhancement than usual due to recent radiotherapy. d) Sagittal T1-weighted image showing an enlarged
posterior cervical triangle chain node (arrow). Note: The difference fat saturation makes. Whereas (a), (b), and (c) use fat
saturation to make the fat of the cutaneous fat “dark”, in that of (d), which does not use fat saturation is “bright”.



Figure 18.16. A postgadolinium fat-saturated T1-weighted magnetic resonance Image (MRI) of a large right fossa of
Rosenmuller nasopharyngeal carcinoma (NPC) with invasion of multiple skull base foramina. (a) Axial MRI through the
level of the petrous temporal bones showing a large right fossa of Rosemuller NPC. Tumor is extending anterolaterally
through the sphenopalatine foramen (black arrowhead) into the pterygopalatine fossa (long white arrow). Carcinoma is also
extending posteriorly through the right petroclival fissure (black arrow) to form a mound on the posterior surface of the
petrous temporal bone (short white arrow). Tumor has extensively invaded the right paravertebral, danger, retropharyngeal,
and masticator spaces. The right pterygoid muscles are almost completely encased. (b) Axial MRI through the level of the
hard palate. Tumor is encasing the right internal carotid artery (black arrow) and traveling through the right hypoglossal
foramen (white arrow). (c) Coronal MRI showing tumor extending superiorly from the right infratemporal fossa through the
foramen ovale (short black arrow) and the petroclival fissure (long black arrow). A tumor mass is seen in the medial right
middle cranial fossa (white arrow). d) Coronal MRI anterior to (c) showing tumor within the right foramen rotundum (arrow).
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322 Part 4. Radiological pathology of the extragnathic head and neck regions

Figure 18.17. Left fossa of Rosenmuller nasopharyngeal
carcinoma (NPC) invading left hypoglossal foramen,
causing left tongue atrophy. (a) Axial postgadolinium fat-
saturated T1-weighted MRI showing large left fossa of
Rosenmuller cancer invading through the hypoglossal
foramen (white arrow), encasing the left hypoglossal nerve
en route. The left internal carotid artery (black arrowhead)
and left medial pterygoids muscle are also encased. (b)
Coronal postgadolinium fat-saturation T1-weighted MRI
showing the effect of left hypoglossal nerve encasement.
The left side of the tongue exhibits mild fatty atrophy
(arrows).

for an upper aerodigestive tract carcinoma should
be initiated; 70-90% of these cases are SCC.*
Postcontrast CT and/or MRI is performed and if a
primary tumor isn’t found multiple biopsies are
taken, initially from suspicious regions and then
from a grid layout. If these investigations are nega-
tive, a fluorodeooxyglucose (FDG) PET-CT is indi-
cated. FDG PET-CT will detect the primary tumor
in 25-30% of cases where CT and MRI have
failed.®*** Although still superior to CT/MRI,
PET-CT is least sensitive toward detecting primary
tumors in the tongue base and tonsils.® If the
PET-CT is negative, and a primary tumor not found,
a diagnosis of “unknown primary” head and neck
cancer is made. In 5% of these cases the primary
tumor will never be found despite intensive
workup.%

Current treatments for unknown primary car-
cinoma are mostly guided by empiric strategies
based on traditional histology although more
recently genetic and molecular profiling is starting
to play a role.%”

Other Causes of Malignant Cervical
Node Enlargement

There are other malignant causes of cervical ade-
nopathy, including metastatic disease from else-
where in the body, lymphoma, and leukemia.
These can present as multiple discrete enlarged
nodes, (e.g., chronic lymphocytic leukemia, Figure
18.28a,b), and/or confluent masses (diffuse large
B-cell lymphoma, Figure 18.28c,d). In addition
there are numerous nonneoplastic conditions that
cause enlarged cervical nodes; a discussion of
these is beyond the scope of this book. The inter-
ested reader is referred to review articles by Ferrer®
and Kaji et al.”

Detection of Metastatic Disease in
Cervical Lymph Nodes

The “gold standard” for detection of metastatic
tumor in lymph nodes has always been histology,
recently aided by molecular techniques.” CT, MRI,
and ultrasound are only able to detect metastatic
nodal disease indirectly, based on anatomic and
functional distortions produced by tumor inside
the node. On the most basic level metastatic disease



Figure 18.18. Nasopharyngeal carcinoma (NPC) invading the clivus producing a “permeative” bone pattern. (a) Axial bone
window CT showing extensive permeation of the clivus, medial temporal and medial sphenoid bones (long arrows). Note
that the bone is not grossly destroyed though the bony density is moderately decreased. A small posterior nasopharyngeal
mass is present (short arrows). (b) Axial postgadolinium fat-saturated T1-weighted MRI| showing enhancing tumor extending
from the posterior nasopharynx through the same bones. Tumor is accumulating between the bony clivus and overlying
dura; pushing the dura away (arrows).
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Figure 18.19. Nasopharyngeal carcinoma (NPC) invading the clivus producing a lytic bone pattern. (a) Axial CT displaying
NPC invading the skull base with lysis of the clivus (arrows). (b) Sagittal CT showing near complete destruction of the
clivus (arrows) and posterior sphenoid. The spray artifact caused by dental metal restoration does not affect the area of
interest. (c) Sagittal T1-weighted MRI shows a substantial soft-tissue mass occupying the posterior nasopharynx, abutting
the posterior palate and extending down into the superior oropharynx (white arrows). From here tumor has traveled pos-
teriorly to invade and completely replace the marrow of the clivus (black arrows). If the clivus was normal, it should have
a high T1-weighted marrow signal, similar to the C4 vertebral body (black arrowhead).
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Figure 18.20. A panoramic radiograph and a magnetic resonance imaging (MRI) of a squamous cell carcinoma (SCC)
arising in the left maxillary sinus, destroying the adjacent maxilla. (a) Panoramic radiograph showing a soft tissue mass
destroying the left maxillary alveolar ridge (arrow). (b) Axial CT (bone window) of the same patient in (a) showing destruc-
tion of the left superior maxillary alveolar ridge by the SCC. (c) Axial postgadolinium fat-saturated T1-weighted MRI of the
same patient showing a huge enhancing mass centered in the left maxillary sinus, destroying the medial wall to enter the
nasal cavity and extending laterally to partially encase the coronoid process of the left mandible and the left mandibular
ramus. The left muscles of mastication are encased by tumor. d) Coronal postgadolinium fat-saturated T1-weighted MRI
of the same patient showing extensive right maxillary SCC destroying the adjacent maxilla to enter the oral cavity. Itis also
destroying the orbital floor and partially encasing the inferior rectus muscle.
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326 Part 4. Radiological pathology of the extragnathic head and neck regions

Figure 18.21. Computed tomography (CT) revealing
subtle bone invasion by a retromolar squamous cell carci-
noma (SCC) of the anterior aspect of the vertical ramus
and internal oblique line of the edentulous posterior body
of the mandible. (a) Axial CT (bone window) with intrave-
nous contrast, at the level of the mandibular foramen,
displays erosion ofthe medial aspect ofthe vertical ramus,
by the SCC. (b) Coronal CT (bone window) with intrave-
nous contrast displays erosion of the internal oblique line
of the edentulous posterior body of the mandible. Note how
the bony defect is more easily seen in the coronal plane.

will cause lymph nodes to enlarge. A general rule
of thumb is that if a patient has a known primary
upper aerodigestive tract malignancy and a cervi-
cal lymph node is found with a short axis diameter
greater than 1cm, that node is considered suspi-
cious for metastatic disease.”” How suspicious? The
1 centimeter criterion was chosen by pathologi-
cally examining many nodes in patients with head
and neck cancer and choosing a nodal size cutoff
point where the majority of nodes are positive for
metastatic disease. This cutoff gives high specific-
ity, i.e., a high ability to detect metastatic disease.
Unfortunately, it also produces lower sensitivity;
i.e., a significant number of nodes below 1cm will
also have tumor in them” The short axis measure-
ment should be used because it has been found to
be the most reliable. A study by van den Brekel et
al. reported a sensitivity and specificity of 42% and
99 %, respectively, for a 1cm threshold in his 1990
study.” Published size criteria vary and have been
finessed; some authors have shown that different
criteria apply to different node locations and
shapes.”” Mancuso demonstrated that the cutoff
point for retropharyngeal nodes is lower.”® Nodes
that are round instead of oval and clustered nodes
in the lymphatic drainage path of a tumor are more
suspicious. The presence of central necrosis in an
enhancing node is highly suggestive of metastatic
disease’’; this is often seen in advanced SCC metas-
tases (e.g., Figure 18.24). Conversely a kidney-
bean shape and a fatty nodal hilum are suggestive
of benignity. Figures 18.15, 18.24, 18.26b, 18.28,
and 18.30 show metastatic nodes in the neck.

Cervical Lymph Node Classification
and Staging

The OMF practitioner should be aware that there
are a number of different ways to name and clas-
sify cervical lymph nodes. Some nodes have spe-
cific names, e.g., Rouviere’s (Figures 18.15b, 18.28)
or Virchow’s® nodes. Many clinicians and imagers
simply describe nodes in relation to the classical
anatomic triangles described in Chapter 16 and
relevant surface anatomy structures—for example,
submental, submandibular, retropharyngeal, inter-
nal jugular, and posterior cervical triangle nodes
(Figures 18.29, 18.30). This scheme is derived from
a more elaborate system of classification published
by the French anatomist Rouviere in 1938, based
on connected nodal chains.”



Figure 18.22. Magnetic resonance imaging (MRI) and computed tomography (CT) of a squamous cell carcinoma (SCC)
affecting the floor of the mouth and causing dilation of the submandibular ducts. (a) Axial postcontrast CT showing an SCC
(arrows) in the anterior floor of the mouth. The lesion is difficult to detect since the adjacent sublingual salivary glands also
enhance, masking the presence of cancer. (b) Axial postcontrast CT showing dilation of both submandibular ducts (arrows)
due to distal compression by the tumor. The left duct is more dilated than the right. (c) Coronal postcontrast CT showing
dilation of both submandibular ducts (arrows).
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328 Part 4. Radiological pathology of the extragnathic head and neck regions

Figure 18.23. Computed tomography (CT) of a squamous cell carcinoma (SCC) of the right palatine tonsil. (a) Axial post-
contrast CT at the level of the basal process of the mandible, showing a large enhancing right tonsilar mass (arrows). It
has well-defined margins and is invading the adjacent dorsum of the tongue. (b) Coronal postcontrast CT in a plane just
anterior to the insertion of the lateral pterygoid muscle into the pterygoid pit, showing an enhancing right tonsilar mass with
well-defined margins. It is invading the soft palate and displacing the lateral lamina of the thyroid cartilage and the right

vallecula. It extends into the right half of the oropharynx.

Since then, new “level-based” systems have
been described that are designed to be used with
cross-sectional imaging. The three most widely
used are the 1997 American Joint Committee on
Cancer (AJCC) system, the 1998 modification of
the American Academy of Otolaryngology Head
and Neck Surgery system, and Som’s imaging-
based system’® (Figure 18.31, Table 18.1). All three
use similar major landmarks to define 6 or 7 dif-
ferent cervical levels (I-VII); an excellent compari-
son is found in Som’s 1999 paper.**® These level
systems resolve most of the ambiguity that occurs
when attempts are made to apply Rouviére’s system
to cross-sectional imaging. The boundaries of the
level systems are also aligned with lymphatic
drainage pathways. Precise literature is available
describing which levels specific head and neck
anatomic structures drain into.*'

SCCs of the neck are staged via the “TNM”
or tumor, node, metastasis system. The primary
tumor is first given a T grade from 1-4 based on

the size of the tumor and the presence and degree
of invasion of surrounding structures. The N grade
from 0-3 is determined by the number, size, and
distribution of lymph node metastases. The M
grade is scored from 0-1 on the presence or absence
of distant metastases. Hence the reader may
encounter tumor staging nomenclature such as
“TIN2MO0” in reference to SCC. For a complete
description of the TNM system see the AJCC
staging manual.* TNM staging is extremely impor-
tant because it determines the patient’s prognosis
and optimum treatment.

Positron-Emission Tomography With
Computed Tomography

Positron emission tomography (PET), introduced in
Chapter 7, uses an injected modified glucose mol-
ecule labeled with a positron emitting isotope to
map local glucose consumption within the body.



Figure 18.24. Computed tomography (CT) and magnetic resonance imaging (MRI) of a huge aggressive squamous cell
carcinoma (SCC) arising in the right palatine tonsil. It is associated with substantial lymphadenopathy. (a) Axial postcontrast
CT (soft-tissue window) at the level of the occlusal plane. The affected tonsil mildly enhances and mildly effaces the right
side of the oropharynx. Tumor has spread laterally, encasing the carotid sheath en route to intersecting a large nodal
metastasis beneath the sternocleidomastoid muscle. This type of spread is unusually aggressive, crossing multiple fascial
planes. (b) Axial postgadolinium fat-saturated T1-weighted MRI showing enhancement of the tumor in (a). (c) Coronal
postcontrast CT at the level of the odontoid peg of the second cervical vertebra. The left main jugular and carotid vessels
are observed throughout most of their cervical course. The right neck is almost completely occupied by a confluent nodal
mass. The central hypodense regions with in the latter mass are suggestive of necrosis; characteristic of metastatic SCC.
(d) Coronal postgadolinium fat-saturated T1-weighted MRI showing the same mass in (c). Central necrosis is particularly
obvious in the inferior nodes.
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Figure 18.25. Magnetic resonance imaging (MRI) of a squamous cell carcinoma (SCC) arising on the left side of the
dorsum of the tongue. (a) Axial noncontrast T1-weighted MRI showing the SCC as a well-defined hypointensity infiltrating
isointense lingual musculature. (b) Axial postgadolinium fat-saturated T1-weighted MR| shows enhancement of the SCC,
which has deeply invaded the tongue. The neoplasm also extends posteriorly into the oropharynx. (c) Coronal postgado-
linium fat-saturated T1-weighted MRI with enhancement of the SCC, which has deeply invaded the tongue. Note: The
difference fat saturation makes. Whereas (b), and (c) use fat saturation to make the fat of the cutaneous fat “dark”, in that
of (a), which does not use fat saturation is “bright”.
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Figure 18.26. Axial postcontrast computed tomography (CT) of squamous cell carcinoma (SCC) of the larynx expanding
into the glottic aperture. The squamous cancer is seen as a lobulated mass (white arrows) immediately medial to the right
thyroid cartilage. The left glottic tissue is mildly swollen; likely from a combination of edema and tumor. The arytenoids
cartilages are well seen (black arrowheads). The right internal jugular vein (long black arrow) and internal carotid artery
(short black arrow) are almost the same size. Normally the internal jugular vein is larger than the carotid artery; this is
somewhat exaggerated on the left.

Figure 18.27. Computed tomography (CT) of supraglottic squamous cell cancer (SCC). (a) Axial postcontrast CT showing
a large enhancing supraglottic SCC (white arrows). (b) At a level slightly above (a) showing the mass and a mildly enlarged
metastatic submental node (arrowhead).
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Figure 18.28. Systemic causes of malignant cervical adenopathy. (a) Coronal postcontrast CT showing moderate bilateral
cervical adenopathy (arrows) from chronic lymphocytic leukemia. (b) Axial postcontrast CT of same patient in (a) showing
bilateral submandibular adenopathy (white arrows) and left posterior cervical triangle chain nodes (black arrows). (c) Axial
postcontrast CT from a patient with diffuse large B-cell lymphoma. Note the left submandibular (short arrow) and internal
jugular chain (long arrow) nodes. The two enlarged nodes medial to the left sternocleidomastoid muscle are challenging
to classify using older nomenclature. Is the more anterior node an internal jugular chain node or posterior cervical triangle
chain node? This ambiguity is resolved using newer “level” systems of nodal classification (see Table 18.1). d) Same patient
as in (c) at a more inferior level. The adenopathy has coalesced into a huge mass (arrows) that is encasing the left internal
carotid artery (arrowhead) and markedly displacing the larynx to the right. (e) Coronal postcontrast CT of the same patient
in (c). Note the large confluent nodal mass encasing the left internal carotid artery (arrowheads).
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Because malignant cervical tumors usually have a
higher metabolic rate than normal tissue, both
primary tumors and their metastases stand out
from background activity. In general, PET is more
sensitive than either CT or MRI toward detecting
small foci of SCC and can also detect nodal metas-
tases much earlier.®* PET-CT units incorporate both
a CT scanner and PET scanner in the same machine.
A CT image is acquired at the same sitting as the
PET image and the two are fused on the computer.
This allows much better localization of tiny active
lesions because the low-resolution PET data is
combined with the high-resolution CT scan.

As of the time of this writing (2010), PET-CT
is a limited resource and only cases that most
benefit from PET-CT’s sensitivity are triaged for
this modality. Although most head and neck
cancers are still diagnosed with MRI or CT, PET-CT
is currently considered an important part of head
and neck cancer management.®* During initial stag-
ing, PET-CT has been found to be most useful for
a subset of patients who have a higher probability
of distant metastases, i.e., those with stage N2 or

Figure 18.29. Postgadolinium T1weighted fat-saturated magnetic resonance imaging (MRI) displaying confluent metastatic
retropharyngeal adenopathy (nodes of Rouviére). (a) Axial MRI at the level of the occlusal plane. Note that the majority of
adenopathy is medial to the internal carotid arteries (arrows). This is a defining characteristic of retropharyngeal nodes. (b)
Coronal MRI showing the retropharyngeal nodal mass (black arrows) as well as a metastatic internal jugular node (white
arrow). Note that all observed nodes are larger than 1cm in short axis, hence likely metastatic.



Figure 18.30. Magnetic resonance images (MRI) displaying metastatic posterior cervical triangle and internal jugular chain
nodes. (a) Axial postcontrast CT showing a metastatic left posterior cervical triangle chain node (arrow). The low density
in the center of the node suggests necrosis; this is often seen with metastatic squamous cell carcinoma. (b) Axial post-
gadolinium fat-saturated T1-weighted MRI through the level of the mandibular alveolar ridge showing metastatic left internal
jugular (short arrow) and posterior cervical triangle (long arrow) nodes. (c) Coronal postgadolinium fat-saturated T1-
weighted MRI through the level of the odontoid process showing the same posterior cervical triangle node as in (b) (arrow).
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Figure 18.31. Level system of lymph node classification
(see table 18.1 for explanation).
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N3 nodal disease or level IV lymph node metasta-
ses. Because PET-CT can reliably detect tumor in
lymph nodes that are below CT-MRI size criteria
for metastatic disease® (Figure 18.31c,d), it is also
useful for mapping nodal metastases for surgical
planning prior to a radical neck dissection. As
noted in the section on SCC, PET-CT is indicated
in cases where the primary tumor can’t be found
with MRI or CT—i.e., unknown primary. PET-CT
is also useful for detecting recurrent disease in
postoperative patients being considered for salvage
therapy®® because recurrences are sometimes chal-
lenging to detect on CT or MRI due to the presence
of scarring. PET-CT is also used to plan radio-
therapy in selected cases.®* A whole body scan is
seen in Figure 7.2. Two cases demonstrating PET-
CT’s increased sensitivity over CT are seen in
Figures 18.32 and 18.33.

Table 18.1. Som’s level system of cervical lymph node classification for use with cross-sectional imaging in the transverse

(axial) plane

Level |

Level Il

Level Il

Level IV

Level V

Level VI

Other

Above hyoid bone, below mylohyoid muscle,
anterior to posterior border of submandibular gland

Between hyoid bone and skull base, bounded
anteriorly by back of submandibular gland,
posteriorly by back of sternocleidomastoid muscle

Between hyoid bone and cricoid cartilage,
anterior to back of sternocleidomastoid muscle,
lateral to the carotid artery

Between the cricoid cartilage and clavicle,
anterior to a line connecting the posterior margins of
sternocleidomastoid and scalenus anterior muscles

Posterior cervical triangle nodes, between the
posterior margin of sternocleidomastoid/scalenus
anterior and the anterior edge of trapezius

Between the hyoid and manubrium, medial to the
carotid arteries

Submandibular and submental nodes

Jugulodiagastric and upper internal jugular

chain nodes

Mid internal jugular chain nodes

Low internal jugular chain nodes

Posterior cervical triangle chain nodes

Retropharyngeal nodes are defined as located medial to the carotid arteries, within 2cm of the
skull base. Supraclavicular nodes are below the clavicle and lateral to the internal carotid
arteries. Level VIl nodes are located behind the manubrium.



Figure 18.32. Computed tomography (CT) and positron emission tomography (PET-CT) of squamous cell carcinoma (SCC)
of the right tonsil. (a) Axial postcontrast CT shows barely visible enhancement of a right tonsilar squamous cell carcinoma
(SCC) (arrows). (b) Axial PET-CT shows increased fluorodeoxyglucose uptake in the tumor (arrows). The SCC is much
easier to see and the increased uptake makes the diagnosis of malignancy much more likely.
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Figure 18.33. Computed tomography (CT) and positron emission tomography (PET) of left tonsilar squamous cell carci-
noma (SCC) with nodal metastasis. (a) Axial enhanced (postcontrast) CT shows a left tonsilar mass expanding into the
oropharynx (arrows). (b) Corresponding PET-CT image shows fluorodeoxyglucose uptake in the mass; hence the lesion
is hypermetabolic—consistent with cancer. The left tonsilar SCC is large enough to easily detect on CT. (¢) Enhanced
(postcontrast) axial CT at a level through the mandible demonstrates a tiny right jugulodiagastric node. By CT size criteria
(i.e., short axis nodal diameter >1 cm) this node would be considered benign. Hence the PET-CT can detect metastatic
tumor within lymph nodes much eatlier than plain CT. d) Axial PET-CT at the same level shows fluorodeoxyglucose uptake
in the jugulodiagastric node; suspicious for metastatic disease. This node would be called negative by CT/MRI size
criteria.
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FISP (Fast imaging with steady state precession) 71
FLASH (Fast low angle shot) 71
FSE (Fast (or turbo) spin echo) 71
Familial adenomatous polyposis (FAP) 161
Familial gigantiform cementoma 12, 180
Definition 180
Clinical presentation 180
Radiological presentation on conventional radiography
180
Differential diagnosis 180
Treatment 12, 180
Recurrence 12, 180
Association with neurofibromatosis type 1, 180

Fat suppression 73-74
FS or FatSat (Fat saturation) 74
Fat scan (T1-weighted MRI) 70
Flat panel detector (FPD) 60, 255
Fibrous dysplasia 7, 9, 12, 17, 165-173, 208-210, 290
Definition 165
Clinical presentation 165
Radiological presentation on conventional radiography
13, 21, 169, 170
Radiological presentation on advanced imaging
modalities
Computed tomography (CT) 8, 169, 171, 171, 173,
215-219,225, 230, 300-301
Magnetic resonance imaging (MRI) 176, 301
Differential diagnosis 17, 153, 154, 175, 226, 270
Treatment 12, 172
Reactivation 12, 172
Sarcomatous change 173
Systematic review 33, 174
Fibro-osseous lesion (FOL) 164-165, 166, 179, 180
Fibrosarcoma 12
Field of view (FOV)
Cone-beam computed tomography 61, 64-65
Flattening the condyle 225, 230
Floor of the mouth
Squamous cell carcinoma
Florid cemento-osseous dysplasia (See Floird osseous
dysplasia)
Florid osseous dysplasia (FOD) 5, 176-180, 210
Definition 176
Clinical presentation 176-177
Radiological presentation on conventional radiography
14, 45, 177-178, 221
Radiological presentation on computed tomography
(CT) 177-178, 178
Differential diagnosis 153
Treatment 12
Recurrence 12
Systematic review 34, 177
18-Fluorodeoxyglucose (FDG) 84, 85, 97, 322
Fluorosis 10
Focal Cemento-osseous dysplasia (See Focal osseous
dysplasia)
Focal osseous dysplasia (FocOD) 176-180, 210
Definition 178
Clinical presentation 179
Radiological presentation on conventional radiography
23, 106, 179-180, 179
Differential diagnosis 154, 179
Treatment 12, 179
Recurrence 12
Systematic review 34, 178



Foramina for the base of the skull
Jugular F. 270
F. Lacerum 270
F. of Monroe 281
F. Ovale 270
F. Rotundum 270
F. Spinosum 270
Stylomastoid F. 270
Fossa of Rosenmuller
Radiological presentation on magnetic resonance
imaging (MRI) 320
Fractures of the face: current causes 244
Fractures of the mandible
Radiological presentation on conventional radiography
244, 247
Radiological presentation on computed tomography
(CT) 246, 247
Fractures of the maxilla
Radiological presentation on computed tomography
(CT) 244, 246, 247
Fractures of the base-of-the-skull 244
Fractures of the cervical spine 245-246
Fractures and vision 244, 245
Fractures and hemorrhage 244
Free induction density (FID) 69

Gadolinium 74-76
Gardner’s syndrome 161-162, 288
Radiological presentation on conventional radiography
161, 298
Radiological presentation on computed tomography
(CT) 298
Differential diagnosis 10, 153
Giant cell lesion (See central giant cell lesion)
Gigantiform cementoma (See florid osseous dysplasia and
familial gigantiform cementoma)
Gigantism 10
Glandular odontogenic cyst 131-133
Definition 131
Clinical presentation 132
Radiological presentation on conventional radiography
132-133, 135
Differential diagnosis 97
Treatment 12
Recurrence 12, 133
Systematic review 32, 134
Global groups 30, 35
Glomus tumors (See Paragangliomas)
Gorlin-Goltz Syndrome (See Nevoid basal cell carcinoma
syndrome)
Granuloma 5
Grayscale standard display function (GSDF) 37, 41
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Hemangioma 108-109
Definition 108
Clinical presentation 108
Radiological presentation on conventional radiography
108-109, 109
Radiological presentation on advanced imaging
modalities
Computed tomography (CT) 56, 109
Magnetic resonance imaging (MRI) 81, 109, 293
Differential diagnosis 9, 17
Hemarthosis 227
Hemifacial hyperplasia 9
Hemifacial hypoplasia 9
Hereditary gingival hyperplasia 10
HIV-associated hyperplasia 233, 234, 235
Hounsfield unit (HU) 52
Hodgkin’s lymphoma 237
Human-contrast sensitivity (HCS) 37, 41
Hydrocephalus 278
Radiological presentation on magnetic resonance
imaging (MRI) 281
Hyoid bone 153
Radiological presentation on conventional radiography
158
Hypertelorism 163
Hyperthyroidism 10, 100
Hypopharyngeal cancer 319
Hypoparathroidism 10
Hypopituitism 10
Hypothyroidism 10
Hyoid bone 153

Idiopathic osteosclerosis 5, 12, 17
Illuminance (See Ambient lighting)
Image enhancement 41
International classification of diseases for oncology
(IcpD-0) 11
Interarticular disc
Radiological presentation on magnetic resonance
imaging (MRI) 228, 229
Intracranial aneuryms 278-279
Radiological presentation on advanced imaging
modalities
Computed tomography (CT) 279, 282
Magnetic resonance imaging (MRI) 279, 282
Inverted papilloma 286, 288
Radiological presentation on advanced imaging
modalities
Computed tomography (CT) 287
Magnetic resonance imaging (MRI) 297
Iodide mumps 234, 235
Isotropic voxel 59, 62
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Joint effusion 228, 231
Joint mice 225, 227
JPEG (Joint photographic experts group) 42
Jugular glomus (See Jugular paraganglioma)
Jugular paraganglioma 283
Radiological presentation on magnetic resonance
imaging (MRI) 285
Differential diagnosis 270
Juvenile idiopathic arthritis 9
Definition 231
Clinical presentation 231
Differential diagnosis 9, 226
Treatment 231
Asscociation with uveitis and blindness 231
Association with lymphoproliferative malignancy 231
Juvenile (aggressive) ossifying fibroma (See Ossifying
fibroma) 166, 174
Juvenile psammomatoid ossifying fibroma (See Ossifying
fibroma) 174
Juvenile recurrent parotitis 234
Juvenile rheumatoid arthritis (See Juvenile idiopathic
arthritis)
Juvenile trabecular ossifying fibroma (See ossifying
fibroma) 174

Kaposi’s sarcoma 237
Keratocystic odontognic tumor (KCOT) 125-130, 199,
201, 226
Definition 125-126
Clinical presentation 126-127
Radiological presentation on conventional radiography
127-128, 128-130, 206
Radiological presentation on computed tomography
(CT) 130, 209, 210
Differential diagnosis 23, 96. 97, 125, 125
Treatment 12, 128-129
Recurrence 12, 128-129
Systematic review 31, 127
As part of nevoid basal cell carcinoma syndrome 126,
129, 201
Keratocyst (See odontogenic keratocyst AND Keratocystic
odontogenic tumor) 11

Langerhan’s cell histiocytosis 98
Clinical presentation 98
Radiological presentation on conventional radiography
98, 100
Differential diagnosis 94
Laryngeal cancer
Radiological presentation on magnetic resonance
imaging (MRI) 331
Lateral cephalograms 62

Lateral periodontal cyst 107-108
Definition 107
Clinical presentation 107
Radiological presentation on conventional radiography
108
Differential diagnosis 96, 107-108
Treatment 108
Lateral radicular cyst 96
Law
Canadian 5
Common 5
Lax temporomandibular capsule 270
LCD (Liquid crystal display) 41
Leontiasis ossea 100, 160
Linear tomography 252, 253
Lingual bone defect 140-145
Definition 140
Clinical presentation 140
Radiological presentation on conventional radiography
143-144
Radiological presentation on advanced imaging
modalities
Computed tomography (CT) 144-145
Magnetic resonance imaging (MRI) 145
Differential diagnosis 95
Treatment 12
Recurrence 12
Lingual foramen 261-262
Radiological presentation on computed tomography
(CT) 263
Lithotripsy 234, 238-239
LAN (Local area network) 42
Lymphangioma 80
Lymphocytic leukemia 332
Luminance (See Brightness)

Mach band effect 44, 45

Magnet 68

Magnetic field strength (T) 68

Magnetic resonance angiography (MRA) 80

Magnetic resonance imaging (MRI) 5

Malignant ameloblastoma (See Metastasizing
ameloblastoma)

Mandibular incisive canal 261

Mastoiditis 227

McCune-Albright syndrome (MAS) 165, 167, 168, 172,
290

Radiological presentation on computed tomography

(CT) 169, 302

Mcgregor’s line 302

Medical-grade diagnostic gray-scale monitors (MGDG) 37,
40, 41



Meningioma 283, 290-292
Radiological presentation on advanced imaging
modalities
Computed tomography (CT) 290-292
Magnetic resonance imaging (MRI) 291-292
Differential diagnosis 270
Metal artefact reduction (MAR) 55
Metastasizing ameloblastoma 120
Definition 120
Clinical presentation 120
Differential diagnosis 120
MISME syndrome 283
MRI accidents 73
MR compatible 73
MRI safety 73
MRI suite 68
Mucosal antral (pseudo) cyst 196
Radiological presentation on conventional radiography
196, 205
Radiological presentation on computed tomography
(CT) 196, 205
Mucocele 196
Mucoepidermoid carcinoma 307, 309
Radiological presentation on conventional radiography
104
Radiological presentation on advanced imaging
modalities
Computed tomography (CT) 104
Magnetic resonance imaging (MRI) 309, 314
Treatment 12
Recurrence 12
Mumps
Clinical presentation 233
Radiological presentation on advanced imaging
modalities
Computed tomography (CT) 236
Ultrasound (US) 236
Differential diagnosis 234
Treatment 233
Mumps and rubella (MMR) vaccine 233
Multidetector Computed tomography (MDCT) 50, 53,
54-55
Multiplanar reformatting (MPR) 54-55
Multiple myeloma 97-98, 304
Radiological presentation on conventional radiography
305
Radiological presentation on advanced imaging
modalities
Computed tomography (CT) 305
Magnetic resonance imaging (MRI) 99
Positron emission tomography (PET) 97
Differential diagnosis 94, 270
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Myositis ossificans 152, 227
Myxofibroma (See Odontogenic myxoma)

Nasal lymphoma 305
Radiological presentation on Magnetic resonance
imaging (MRI) 312
Nasopalatine Canal 263-264
Radiological presentation on computed tomography
(CT) 263-264
Nasopalatine duct cyst 140
Definition 140
Clinical presentation 140
Radiological presentation on conventional radiography
140, 141
Radiological presentation on computed tomography
(CT) 141-142
Differential diagnosis 125
Treatment 12
Recurrence 12
Nasopharyngeal carcinoma 312, 314
Radiological presentation on advanced imaging
modalities
Computed tomography (CT) 323-324
Magnetic resonance imaging (MRI) 320-324
Differential diagnosis 270
Nephrogenic systemic fibrosis (NSF) 76
Neurofibroma 9
Neurofibromatosis type II (NF2) 283
Radiological presentation on magnetic resonance
imaging (MRI) 286
Differential diagnosis 270
Neurolemmoma 95
Neuroma
Radiological presentation on magnetic resonance
imaging (MRI) 76
Nevoid basal cell carcinoma syndrome (NBCCS) 126,
129, 199
Definition 126
Clinical presentation 129
Radiological presentation on conventional radiography
129, 130
Radiological presentation on computed tomography
(CT) 130, 210
Differential diagnosis 94
Recurrence 130
Associated with brain malignancy 129
Node of Rouviere
Radiological presentation on magnetic resonance
imaging (MRI) 320
Non-Hodgkin’s lymphoma 199, 237
Radiological presentation on conventional radiography
199
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Non-Hodgkin’s lymphoma (continue)
Radiological presentation on computed tomography
(CT) 198
Treatment 199

Odontogenic keratocyst (See Keratocystic odontogenic
tumor) 126
Mixed orthokeratotic-parakeratotic variant 126
Orthokeratotic variant (See orthokeratinized
odontogenic cyst) 126
Parakeratotic variant (See keratocystic odontogenic
tumor) 126
Odontogenic myxoma 121-125, 199, 226
Definition 121
Clinical presentation 122
Radiological presentation on conventional radiography
20, 122-124, 124
Radiological presentation on advanced imaging
modalities
Computed tomography (CT) 7, 20, 123, 124,
124-125, 213, 214
Magnetic resonance imaging (MRI) 125
Differential diagnosis 17, 97
Treatment 12, 125
Recurrence 12, 125
Systematic review 30, 121
Odontoma 183-184
Definition
Complex 183
Compound 183
Clinical presentation 183-184
Radiological presentation on conventional radiography
16, 183, 184, 184, 219, 220
Differential diagnosis 154
Treatment 12
Recurrence 12, 184
Systematic review 185
Olefactory neuroblastoma 305
Radiological presentation on advanced imaging
modalities
Computed tomography (CT) 305, 306
Magnetic resonance imaging (MRI) 305, 306
Differential diagnosis 270
Ophthalmic referral 246
Orbital hemangioma 283
Radiological presentation on magnetic resonance
imaging (MRI) 293
Orthokeratinized odontogenic cyst 130-131
Definition 130
Clinical presentation 130
Radiological presentation on conventional radiography
131, 132, 133, 213

Differential diagnosis 97, 131
Treatment 12
Recurrence 12, 133
Systematic review 32, 131
Orthokeratotic variant (of the former odontogenic
keratocyst)
Osteitis 163
Osseointegrated implants
Osseous dysplasia (OD) 176-181
Ossifying fibroma (OF) 173-176
Definition 173
Clinical presentation 174
Radiological presentation on conventional radiography
175, 175
Radiological presentation on advanced imaging
modalities
Computed tomography (CT) 176
Magnetic resonance imaging (MRI) 174
Differential diagnosis 17, 154, 175
Treatment 174
Recurrence 12
Systematic review 33, 174
Possible association with hyperparathyroidism 174
Osteoblastoma 12, 181
Osteochondroma 226
Osteoid osteoma 181
Osteoma 180-181, 288
Radiological presentation on conventional radiography
298
Radiological presentation computed tomography (CT)
181, 230, 298
Differential diagnosis 226
Osteomyelitis, 162-163
Radiological presentation on conventional radiography
163, 164
Radiological presentation on computed tomography
(CT) 199
Differential diagnosis 17, 163, 164, 227
Osteonecrosis 231
Osteopenia 100
Osteophyte 225, 229
Osteoporosis 17, 98, 100
Osteosclerosis 97, 100
Osteosarcoma 12, 154, 162
Radiological presentation on conventional radiography
162
Radiological presentation on computed tomography
(CT) 163, 230
Paget’s disease of bone 161
Osteoid osteoma 12
Osteofibroma (See ossifying fibroma)
Otitis media 227



Paget’s disease of bone(PDB) 290
Definition 160-161, 290
Clinical presentation 161
Radiological presentation on conventional radiography
161
Differential diagnosis 9, 17, 153, 270
Treatment 161
Association with sarcomatous change 161
Paradental cyst 106-107
Definition 106
Clinical presentation 106-107
Radiological presentation on conventional radiography
106, 107
Differential diagnosis 106
Paraganglioma 279
Radiological presentation on advanced imaging
modalities
Computed tomography (CT) 284
Magnetic resonance imaging (MRI) 284, 285
Differential diagnosis 270
Parakeratotic variant (of the former odontogenic keratocyst)
Paramagnetic 75, 77
Pathology scan (T2-weighted MRI) 70
Periapical cyst (See Radicular cyst)
Periapical cemental dysplasia (PCD) 179
Periapical radiolucency (of inflammatory origin) 12, 96
Treatment 12
Recurrence 12
Pericoronal radiolucencies 109-110
Perimesencephalic cistern 286, 287
Petroclival fissure 270
Petrous temporal bone 270
Phlebolith 109
Piezoelectric crystal 88
Pierre-Robin syndrome 226
Pindborg’s tumor (See Calcifying epithelial odontogenic
tumor (CEOT))
Pineal gland 270
Pitch 53
Pituitary adenoma 278
Radiological presentation on magnetic resonance
imaging (MRI) 279, 280
Pixel-to-pixel 37
Pleomorphic (salivary) adenoma (PSA) 242, 285
Definition 242
Clinical presentation 285
Radiological presentation on conventional radiography
242
Radiological presentation on advanced imaging
modalities
Computed tomography (CT) 242, 295
Magnetic resonance imaging (MRI) 69, 71, 78, 242
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Differential diagnosis 234
Treatment 12
Recurrence 12
Carcinoma ex pleomorphic adenoma 285, 318
Port-wine stain 109
Positron emission tomography (PET) 84,-87, 85-86, 328,
333, 335, 336, 337
Primary intraosseous squamous cell carcinoma (PIOSCC)
101, 103
Radiological presentation on conventional radiography
101, 105
Radiological presentation on computed tomography
(CT) 101-102, 105
Proton density 69, 69
Pseudogout (See Chondrocalcinosis)
Pulse sequence 69
Pustulosis 163

Radicular cyst
Radiological presentation on conventional radiography
203
Radiofrequency (RF) coils 68, 68, 69, 70
Radiotherapy 10
Rarefying osteitis 17
Rathke’s pouch cyst 278
Receiver operating characteristics (ROC) 11
Recurrent dislocation 270
Relative period prevalence (RPP) 11
Relaxation 70
Renal osteodystrophy (ROD) 100
Renal insufficiency 76, 100
Repetition time (TR) 70
Reversible figures 44
Rheumatoid arthritis 226, 227
Root resorption 24, 26
Routine radiographic screening 8

SAPHO syndrome 163
Sarcoidosis 152
Schwannomas 283
Radiological presentation on advanced imaging
modalities
Computed tomography (CT) 287
Magnetic resonance imaging (MRI) 286-288
Differential diagnosis 270
Scleroderma 24, 152
Sentinal Node 319
Sequential computed tomography 50, 50
Shimming 74
Shimming coils 74
Sialadenitis. 238, 239-241, 241
Sialoliths (See calculus, salivary)
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Sialolithiasis 238
Sialectasis 234, 237-238, 237
Sialography
Convectional 233, 234, 237, 239-241
Interventional 233, 238-241
Sialosis 234, 237
Sickle cell disease
Differential diagnosis 270
Signal Node (See Sentinel Node)
Sinus-lift grafts 210-223, 223
Sinusitis 195-196
Simple bone cyst (SBC) 138-139
Definition 138
Clinical presentation 139
Radiological presentation on conventional radiography
18, 21, 139, 143-144
Radiological presentation on computed tomography
(CT) 144-145
Differential diagnosis 139
Treatment 12, 139
Recurrence 12, 139
Sjogren’s syndrome
Clinical presentation 237
Radiological presentation on conventional radiography
237, 237
Radiological presentation on advanced imaging
modalities
Ultrasound (US) 238
Magnetic resonance imaging (MRI) 238
Differential diagnosis 234
SNR (Signal-to-noise ratio) 68, 70
SNUC (Sino-nasal undifferentiated carcinoma) 305
Radiological presentation on advanced imaging
modalities
Computed tomography (CT) 313
Magnetic resonance imaging (MRI) 313
Differential diagnosis 270
SPECT (Single photon emission computed tomography)
231
Solitary osseous plasmacytoma (SOP) 97
Spondyloarthopathies
SPAMM (spatial modulation of magnetization) 72
SPIO (supermagnetic iron oxide) 74. 76
SUV (standard uptake value) 84-85
SE (Spin echo) 71
Spin-lattice (See T1-weighted MRI) 70
Spin-spin (See T2-weighted MRI) 70
Spontaneous gigantiform cementoma 180
Squamous odontogenic tumor 133
Definition 133
Clinical presentation 133

Radiological presentation on conventional radiography
133
Treatment 133
Recurrence 133
Squamous cell carcinoma (SCC) 312-,314, 317, 319
Epidemiology 312
Clinical presentation 312
Radiological presentation on conventional radiography
23, 25, 100, 101, 103, 325
Radiological presentation on advanced imaging
modalities
Computed tomography (CT) 101, 325-329, 331-334,
336-337
Magnetic resonance imaging (MRI) 74, 77, 80, 325,
329, 330, 333-334.
Differential diagnosis 17, 270
Treatment 12
Recurrence 12
Stafne’s cyst (See lingual bone defect)
Stafne’s type (lingual bone defect)
STIR (Short T1 inversion recovery) 74, 78
Storage of images 41-42
Stricture (salivary) 234, 241
Submandibular fossa 262-263
Supernumerary teeth 10, 111, 111, 161
Superparamagnetic 75
Synovial chondromatosis 225, 227
Synovitis 163
Systematic review (SR) 28-30

Taurodontism 10
TE (Echo time) 70
Temporomandibular joint disorder (TMD) 226-231
Radiological presentation on advanced imaging
modalities
Computed tomography (CT) 228
Magnetic resonance imaging (MRI) 228-229
Systematic review 226-227
Thalassemia 96, 289-290
Radiological presentation on conventional radiography
96, 98
Radiological presentation on computed tomography
(CT) 200, 299
Differential diagnosis 94, 289-290
Treatment 96-97
TIFF (Tagged image file format) 42
Timing value
Tonsillolith 159
Radiological presentation on computed tomography
(CT) 159
Differential diagnosis 152



Tornwaldt’s cyst 288
Radiological presentation on advanced imaging
modalities
Computed tomography (CT) 298
Magnetic resonance imaging (MRI) 298
Differential diagnosis 270
Torus palatinus 59, 61
TMN (Tumor, node, metastasis system) 328, 334-335
Transducer 88
Traumatic bone cyst (See Simple bone cyst)
Traumatic optic neuropathy 246
Treacher-Collins syndrome 9
Trigeminal neuralgia 77
Triticae cartilage (See Triticeous cartilage)
Triticeous cartilage 158-159
Tuberculosis (TB) 152
Turner’s tooth 10
T1-weighting MRI 70, 71
T2-weighting MRI 70, 71

UIA (Unruptured intracranial aneurysms) 278-279
Ultrasonography (US) 88, 233
Doppler 88, 236
Grayscale 88, 89, 236
Ultrasound 88, 241, 296
Unknown primary cancer of the head and neck 319, 322
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Verrucous carcinoma 12
Vestibular schwannoma 283
Radiological presentation on advanced imaging
modalities
Computed tomography (CT) 287
Magnetic resonance imaging (MRI) 286-288
Differential diagnosis 270
Virchow’s Node (See Sentinal Node)
Volume acquisition computed tomography (See Helical
computed tomography)
Volume rendering 56
Volumetric computed tomography (VCT: See Cone-beam
computed tomography)

Water scan (T2-weighted MRI) 70
Warthin’s tumour 241, 185-286
Definition 285
Clinical presentation 285
Radiological presentation on advanced imaging
modalities
Computed tomography (CT) 286, 296
Magnetic resonance imaging (MRI) 286, 296
Ultrasound (US) 241, 296
Differential diagnosis 234
Treatment 12
Recurrence 12
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