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Letter From the Guest Editor: Imaging (@) co
of the Jaw

hy do radiologists find imaging of the jaw and teeth

difficult and intimidating? A large part of the reason is
because dental professionals traditionally did this imaging in
their office using plane radiographs. As a result, radiologists
were never involved or trained in this area, making it foreign
to them.

So why did this all change? In the mid 1980s dental
implants (metallic posts surgically implanted into the jaw to
support a dental prosthesis) became quite popular and thus the
preoperative evaluation of these patients became common. To
determine if sufficient bone existed in the jaw to support an
implant, dentists performed panoramic radiographs. Unfortu-
nately, the panoramic radiographs could only give information
regarding the height of the bone but not the thickness. As a
result, patients that appeared to have enough bone height on
the panoramic radiographs were operated on only to find out
at surgery that there was insufficient bone thickness to support
an implant. Very embarrassing for the dentist to suture the
patient closed and has to explain that he could not get the
implant in!

In an attempt to find a better method of evaluating these
patients radiographically, a dentist in California approached his
friend, the radiologist, with this dilemma. The result of this
interaction was the development of a computed tomographic
(CT) reformatting program called DentaScan that enabled
accurate measurements of both the height and width of the
jaw.

Interestingly, a former Yale University neuroradiologist
named Steven Rothman was one of the initial authors of these
articles describing DentaScan. At that time, he was doing
innovative work with reformatted CT imaging and was there-
fore invited back to Yale to give Grand Rounds. Remember,
reformatted imaging was almost unheard of then and was in its
infancy.

Of course, at the Grand Rounds I was one of the eager Yale
junior faculty in the audience. Intrigued by his work, I soon
found myself on a plane to California where 1 spent a week
learning the technology to bring it back to Yale. At the same
time I was actively getting involved with the dental imaging;
Dr Rothman's practice fell apart and DentaScan was sold to

http//dx.doi.org/10.1053/j.s5ult.2015.10.004
0887-2171/© 2015 Elsevier Inc. All rights reserved.

General Electric who had no idea what to do with it and
naturally contacted me as a consultant to refine and promote
the program.

I submitted multiple radiology abstracts and manuscripts
but to no avail. Not one was accepted. Why? Because
radiologists had no interest in teeth! So what did 1 do? I
submitted the manuscripts to those who had interest, the
dentists. They thought this was the best thing since toothpaste.
The next thing I knew I was publishing in the dental literature
and getting invited all over the country to talk about dental
imaging. Of course, the dentists who did not have CT scanners
in their offices began knocking on the door of their radiologists
demanding that they start doing this “amazing” imaging. As a
result, my manuscripts finally began being accepted into the
radiology literature and that opened the door to a new area of
imaging for radiologists, the jaw and teeth!

This has had a significant effect on patient care, because
patients who previously were only imaged using radiographs
in the dentist's office, could now be more appropriately
imaged by radiologists using CT and magnetic resonance
imaging. Not only patients undergoing dental implant are now
evaluated in this fashion, but also patients with tumors, lesions,
and other complex issues related to the teeth and jaws.

So T hate to tell you this, but we are stuck with this imaging
now. [ have therefore dedicated this issue of the Seminars toward
educating those that are unfamiliar with imaging this region of
the body. Chapter 1, “Embryology and Anatomy of the Jaws &
Dentition,” is designed to bring the reader up to speed regarding
the basic anatomy of the teeth and jaws, which is vital to
understanding the pathology of this region. It also familiarizes the
reader with some of the terminology used by dentists.

Chapter 2, “Imaging of the Jaws” is written by a dentist and
thus provides the dentist's perspective. It covers the various
imaging modalities including intraoral bitewing and periapical
films, panoramic radiographs, cone-beam CT, and conven-
tional CT. Dental caries is discussed here as well as in chapter 5,
“Inflammatory Disease of the Teeth and Jaws” and some
pertinent anatomy is reviewed.

Chapter 3, “Dental Implants and Guided Tissue Regenera-
tion” delves into dental implants and discusses the various
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types of implants and the components of the root-form
implant. The actual surgical procedure is described and
illustrated through various clinical cases. This chapter also
discusses guided tissue regeneration and the various surgical
procedures that are available to increase bone in patients that
do not initially have a sufficient amount for implants.

Although dental implants are typically quite successful,
there is always the unfortunate patient that has a complication.
Chapter 4, “Complications of Dental Implants” categorizes the
various complications and reviews their treatment.

Chapter 5, “Inflammatory Disease of the Teeth and Jaws”
covers dental caries, periodontal disease and it's treatment and
periapical (endodontal) disease and its treatment. The extra
dental manifestations of these infections would also be
discussed.

Finally, no book is complete without a chapter discussing
the various tumors and lesions of the jaw. Chapter 6, “Lesions
of the Jaw” does just this.

I do suspect that this little editorial 1 have written is a
“mouthful,” but the Seminars issue itself should be something
you can really get your “teeth” into. Enjoy and do not forget
to floss.

James J. Abrahams

Guest Editor

Department of Diagnostic Radiology, Yale University School
of Medicine, Haven, CT
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Radiologists should possess working knowledge of the embryological development and
anatomy of the jaw and dentition in order to aid in the diagnosis of both simple and complex
disorders that affect them. Here, we review the elaborate process of odontogenesis, as well as
describe in detail the anatomy of a tooth and its surrounding structures.

Semin Ultrasound CT MRI 36:397-406 © 2015 Elsevier Inc. All rights reserved.

With the ever-increasing sophistication of cross-sectional
imaging techniques in the evaluation of head and neck
pathology, including multidetector computed tomography
(CT) and cone-beam CT with improved contrast and spatial
resolution, as well as dental CT software programs,'” radiol-
ogists are charged with the accurate identification of abnor-
malities of the teeth and jaw. A working knowledge of the
development and anatomy of teeth is critical in understanding
and describing the disease processes that affect them.

Embryology

The structures of the head and neck are derived from the
cephalic portion of the neural tube, which gives rise to the 5
pairs of branchial arches. Each arch consists of 3 layers: an
outer ectoderm, a middle layer composed of mesenchyme-
containing neural crest cells, and an inner layer of endoderm.
The development of the face starts at the fourth week of
embryonic age with the stomodeum, a ventral depression
located just caudal to the developing brain, which develops
into the mouth. Surrounding the stomodeum are 5 primordia.
These include the single frontonasal process (prominence)
located at midline and cranial to the stomodeum, followed
caudally by the paired maxillary and mandibular processesly-
ing on each side of the stomodeum. The frontonasal process
originates from the forebrain. The maxillary and mandibular
processes are derived from the first branchial arch (also referred
to as the mandibular arch) and form the lateral wall and base of
the stomodeum. By the fifth week, medial and lateral nasal

Division of Neuroradiology, Department of Diagnostic Radiology, Yale
University School of Medicine, New Haven, CT.

Address reprint requests to Vahe M. Zohrabian, MD, Yale University School of
Medicine 333 Cedar St (Room CB-30), P.O. Box 208042, New Haven, CT
06520-8042 . E-mail: vahe.zohrabian@yale.edu
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processes develop on either side of the frontonasal process. The
medial nasal processes fuse to form the upper lip. The
mandibular processes enlarge and fuse at midline to form
the mandible, the lower part of the face, and the tongue. The
skeleton of the mandible is derived from the cartilaginous
derivative of the first branchial arch called Meckel’s cartilage.
The mandibular mentum marks the site where the 2 man-
dibular processes merge in the midline. By the sixth week, the
bilateral maxillary and mandibular processes are completely
fused, forming the primitive maxilla and the mandible. When
the maxillary and mandibular processes fuse laterally, they
form the corners of the lips, or commissures. Any interruption
or alteration of the development of the face and the jaw can
result in congenital anomalies. For example, failure of proper
closure at the midline can result in cleft lip, cleft chin, or cleft
palate. Interruption of lateral fusion of the maxillary and
mandibular processes can result in cleft corers of the mouth
or macrostomia (large mouth).

Ectomesenchyme, a derivative of neural crest cells, forms
the bony structures of the head and face. The muscles of
mastication are formed from the mesenchymal cells of the first
branchial arch. The stomodeum, which forms the primitive
oral cavity, is lined by stratified squamous epithelium called
oral ectoderm. At approximately the sixth week, the oral
ectoderm proliferates into a thick band of epithelium called the
primary epithelial band. This horseshoe-shaped structure
develops into the alveolar processes of the upper and the
lower jaws. The primary epithelial band develops into the
vestibular lamina and the dental lamina. The vestibular lamina
develops into the vestibule between the cheek and the alveolar
process. The dental lamina, a thickening of the oral epithelium
overlying the jaws, forms the basis of development of dentition.

The process by which the teeth form is called odontogenesis
(Fig. 1). Humans have 2 sets of teeth, the temporary baby, or
deciduous, teeth and the permanent adult, or succedaneous,

397
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Figure 1 The development of a deciduous tooth. (A) A parasagittal section through the lower jaw of a 14-week-old human
embryo showing the relative location of the tooth primordium. (B) Tooth primordium in a 9-week-old embryo. (C) Tooth
primordium at the cap stage in an 11-week-old embryo, showing the enamel organ. (D) Central incisor primordium at the
bell stage in a 14-week-old embryo before deposition of enamel or dentin. (E) Unerupted incisor tooth in a term fetus.
(F) Partially erupted incisor tooth showing the primordium of a permanent tooth near one of its roots. (Adapted with
permission from Carlson.”) (Color version of figure is available online.)

teeth. There are 20 deciduous teeth (10 maxillary and 10
mandibular) and 32 succedaneous teeth. Deciduous teeth
begin development at the sixth- to eighth-week of gestation,
and permanent teeth begin development at the twentieth
week. Each tooth develops from the ectoderm (enamel) and
the ectomesenchyme (dentin, cementum, periodontal liga-
ment, and pulp contents). Ectomesenchyme represents migra-
tion of neural crest cells into the developing arches of the
mandible and the maxilla. Tooth development begins with the
localized proliferation of the primary dental lamina invaginat-
ing into the ectomesenchyme, forming focal thickenings of the
oral epithelium called placodes in 10 places in each of the
mandibular and the maxillary arches.”” These placodes
develop into tooth buds, which later develop into individual
teeth. The tooth buds and surrounding aggregation of

ectodermal cells constitute the tooth germs. During embryo-
logic development, the deciduous teeth are formed starting
from the anterior aspect of the maxilla and the mandible and
proceeding posteriorly. Each tooth develops and erupts at a
different time, although the pattern of odontogenesis is the
same’ (Table). The tooth buds of the permanent teeth are
arranged in a horseshoe-shaped arch, lingual to the deciduous
teeth. All tooth buds, except for the second and third
permanent molars, are present and start developing before
birth. The major activity of the dental lamina extends over a
period of approximately 5 years. However, the dental lamina
near the third molar continues to be active until approximately
15 years of age.

As the tooth bud grows, it assumes a cap shape by
invagination of the mesenchyme. The ectodermal component
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Table The Usual Times of Eruption and Shedding of Deciduous
and Permanent Teeth

Teeth Eruption Shedding
Deciduous
Central incisors 6-8 mo 6-7y
Lateral incisors 7-10 mo 78y
Canines 14-18 mo 10-12y
First molars 12-16 mo 9-11y
Second molars 20-24 mo 10-12y
Permanent
Central incisors 78y —
Lateral incisors 89y —
Canines 12-13y —
First premolars 10-11y -
Second premolars 11-12y —

First molars 6-7y -
Second molars 12-13y —
Third molars 15-25y -

Adapted with permission from Carlson.®

of the tooth bud forms the enamel organ, composed of the
outer enamel epithelium, the stellate reticulum, and the inner
enamel epithelium (Fig. 1C). The stratum intermedium,
arising from the stellate reticulum, is a layer of condensed cells
along the inner enamel epithelium. Other ectodermal cells
surround the enamel organ and the dental papilla, forming the
dental, or a fibrous sac that invests the tooth germ and
separates it from the adjacent bone. The dental follicle gives
rise to the supporting structures of teeth, including the
cementum and the periodontal ligament. The enamel organ,
dental papilla, and dental follicle together constitute the tooth
germ. Ameloblasts are derived from the inner enamel epithe-
lium, which forms the enamel of the tooth.”” During the bell
stage, a concavity along the inner surface of the enamel organ
transforms the tooth bud into the shape of a bell (Fig. 1D). The
ectomesenchymal cells within the concavity form the dental
papilla, and its peripheral-most cells take on a columnar shape
and are known as odontoblasts. Odontoblasts form the dentin
of the tooth and later the dental pulp, or soft tissue core—
containing nerves, blood vessels, and connective tissues
(Fig. 1E). Enamel formation is induced by the production of
dentin, which begins at the cusp or top of a tooth and
progresses toward the tooth apex or root. As an increasing
amount of dentin is produced, the dental pulp cavity is filled
and narrowed to form the root canal. Enamel formation occurs
only in a preeruptive tooth, whereas dentin deposition occurs
throughout life. Dental lamina starts to disintegrate at the
various stages of tooth eruption (Fig. 1F).

A number of anomalies can occur during tooth develop-
ment. Development of excess dental lamina can lead to an
increased number of tooth buds, resulting in too many teeth
(supernumerary). Deficient dental lamina can result in a
decreased number of teeth (hypodontia), with the third molar
being most commonly absent, followed by second premolar
and the lateral incisor. Hypodontia is often associated with
small teeth (microdontia). Hypodontia and microdontia
can also be further influenced by environmental factors
such as trauma, infection, chemotherapeutic medications,

and endocrine conditions that can affect the development of
dental lamina and tooth buds. Absence of teeth (anodontia) is a
rare condition that can be associated with hereditary ectoder-
mal dysplasia. Teeth can also be fused or abnormally located
(ectopia). Faulty development of dentin and enamel results in
conditions of amelogenesis and dentinogenesis imperfecta,
rendering the teeth prone to dental caries and fracture. Other
abnormalities include tooth impaction because of impedance
of tooth eruption by bone or an adjacent tooth, ankylosis with
absence of periodontal ligament and direct attachment of tooth
to bone, as well as abnormal timing of tooth eruption.
Furthermore, when epithelial cells from dental lamina fail to
regress, epithelial rests may persist and develop into cysts
(odontogenic cysts). They may also result in the formation of
odontomas, or benign tumors or hamartomas of odontogenic
origin.

Anatomy of Dentition

The human adult jaw contains 32 teeth: 16 teeth in the maxilla
and 16 in the mandible.” From the midline and extending
distally, the teeth are named as follows: central incisor, lateral
incisor, canine (cuspid), first premolar (first bicuspid), second
premolar (second bicuspid), first molar, second molar, and
third molar (wisdom tooth). Alternatively, the teeth may be
numbered using either of 2 major numbering systems: the
Universal/National System and the International Standards
Organization System.” According to the Universal/National
System used in the United States, permanent adult teeth are
numbered 1 through 16 from right to left in the maxillaand 17
through 32 from left to right in the mandible (Fig. 2A).
Children possess 20 instead of 32 teeth (10 each in the maxilla
and mandible), lacking premolars and third molars. Pediatric
teeth are labeled using sequential letters (A through T), starting
with tooth letter A in the posterior right maxilla, letter J in the
posterior left maxilla, letter K in the posterior left mandible,
and letter T in the posterior right mandible (Fig. 2B).

The teeth are individually embedded in bony sockets in an
osseous ridge called the alveolar process and are anchored in
place by the periodontal ligament, allowing for slight motion of
the teeth.'” The alveolar process divides the oral cavity into
central and peripheral portions, with the central oral cavity
proper containing the tongue and the peripheral oral vestibule
containing the lips and cheeks (Fig. 3). The mucosa lining the
oral vestibule reflects onto the alveolar process to create a
furrow called the fornix vestibuli, allowing for mobility of the
cheeks and lips. The mucosa covering the alveolar process is
divided into alveolar mucosa and gingiva below and above the
fornix, respectively. The gingiva covers the free border of the
alveolar process adjacent to the teeth. The upper and lower
labial frenula are vertically oriented mucosal folds that connect
the lips to the alveolar processes, and the lingual frenulum
anchors the tongue to the floor of the oral cavity (Figs. 3 and 4).

The tooth anatomy, which follows, is best depicted in
Figures 4 and 5. A tooth is divided into an enamel-covered
anatomical crown projecting into the oral cavity and a root that
is embedded into the alveolar process and surrounded by
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Figure 2 Universal System for tooth numbering in adults (A) and children (B). Approximate age of eruption for primary and
permanent teeth and age of shedding of primary teeth are given. (Adapted with permission from Nunez et al.”) (Color

version of figure is available online.)

Figure 3 The oral cavity and vestibule. Fingers pulling the lower lip
down expose the vestibule (V), which is separated from the oral cavity
(Oc) by the alveolar process and teeth. Fornix vestibuli (curved
arrow), gingiva (black arrow), alveolar mucosa (white arrow), lingual
frenum (open arrow), and labial frenum (arrowheads). (Adapted with
permission from Abrahams et all)

Figure 4 The anatomy of the tooth and mucosa. Am, alveolar mucosa;
Af, apical foramen; C, cementum; D, dentin; E, enamel; Fv, fornix
vestibuli; G, gingiva; Ld, lamina dura; L, lip; P1, periodontal ligament;
P, pulp; Re, root canal; T, tongue; and V, vestibule. (Adapted with
permission from Abrahams et al.")
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Figure 5 Radiologic anatomy of the tooth. (A) Intraoral radiograph and (B) axial CT image demonstrate anatomy of a tooth.
It should be note that the periodontal ligament (PDL) appears as a thin, radiolucent line deep to the sclerotic lamina dura.
Cementum, lining the root, is not actually visible on radiographs. The enamel is extremely radiodense, although most of the
tooth is composed of opaque, softer dentin. The pulp chamber and root canals are radiolucent. The root apex is the deepest

portion of the tooth.
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Figure 6 Tooth surfaces. (A) Axial CT and (B) sagittal CT images demonstrate that each crown has 5 free surfaces, as denoted
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Lingual

Figure 7 Named roots of molar tooth. An axial CT image from a dental
scan demonstrates the 3 roots of a mandibular molar: mesiobuccal,
distobuccal, and lingual.

dense cementum. The cementoenamel junction, or cervical
constriction or neck, demarcates the boundary between the
anatomical crown and the root. With age, as the gingiva
recesses, exposing the root, the portion of tooth exposed in the
oral cavity is referred to as the functional crown instead of the

anatomical crown. Radiographically, the enamel appears as an
extremely dense, opaque covering over the crown, whereas the
cementum surrounding the root is indistinguishable from the
underlying dentin and is not visualized on radiographs. Dense
cortical bone lining the tooth socket is known as lamina dura,
and on radiographs, appears as a thin rim of sclerotic cortical
bone lining the socket. The periodontal space, containing the
periodontal ligament, appears as a thin, radiolucent line
between the lamina dura and the root. The ligament, attaching
to both the cementum of the root and the lamina dura,
functions to hold the tooth in the bony socket. The core of the
tooth is composed of dentin, a modification of bone that
appears slightly less dense than the overlying enamel. Deep to
the dentin is a radiolucent central compartment known as
pulp. The pulp is composed of connective tissue, housing
nerves and blood vessels. The neurovascular bundle enters at
the root apex via the apical foramen and travels up the root
through the root canals to enter the more expanded pulp
chamber in the crown of the tooth. The number of roots varies
from teeth to teeth, although molars typically have 3 roots.
Each crown has 5 free surfaces' (Fig. 6A). The surface
facing the lips or cheek is known as the facial surface, also
referred to as the labial surface for incisors and canines and
buccal surface for premolars and molars. The crown surface on
the inside facing the tongue is known as the palatal surface in
the maxilla and lingual surface in the mandible. The surfaces
abutting adjacent teeth are termed mesial and distal, although

Figure 8 An anatomical specimen demonstrating the inferior (A), lateral (B), and anterior (C) aspects of the maxilla. The
white probe demonstrates the course of the greater palatine nerve; the black probe demonstrates the course of the
nasopalatine nerve. A, alveolar process; As, anterior nasal spine; G, greater palatine foramen; Gg, groove for greater palatine
nerve; If, incisive foramen; L, lesser palatine foramen; Lt, lateral pterygoid plate; Mb, maxillary bone: palatine process; Mp,
median palatine suture; Mt, medial pterygoid; Nc, nasal conchae; Np, nasopalatine canal; Ns, nasal septum; Pb, palatine
bone: horizontal plate; Pt, pterygoid process; Tp, pterygopalatine fossa; Ts, transverse suture. (Adapted with permission

from Gray.”)
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Figure 9 An anatomical specimen demonstrating the lingual (A and B), buccal (C), and superior (D) aspect of the mandible.
A, alveolar process; B, buccinator muscle insertion; Cd, condyle; Cp, coronoid process; D, digastric fossa; Gt, genial
tubercle; L, lingula; Lf, lingual foramen; Lp, lateral pterygoid muscle insertion; M, mental foramen; Mf, mandibular
foramen; Mg, mylohyoid groove; Ml, mylohyoid line; Mm, masseter muscle insertion; Mp, medial pterygoid insertion; O,
oblique line; Rf, retromolar fossa; Rt, retromolar triangle; S, submandibular fossa; Sf, sublingual fossa; T, temporal crest; and
Tm, temporalis muscle insertion; arrowheads, groove for mylohyoid nerve. (Adapted with permission from Gray.*)

they can also be referred to as medial or lateral for incisors and
canines and anterior or posterior for premolars and molars.
The biting surface is known as the occlusal surface, or that
where the maxillary and mandibular teeth oppose each other
(Fig. 6B). Direction can also be described using this terminol-
ogy, such that toward the midline is labeled mesial or anterior,
and toward the molars is labeled distal or posterior. Moving in
the direction of the root apex is moving in an apical direction,
and moving toward the crown of the tooth is moving in the
coronal direction. For example, one can describe the impacted
third molar in Figure 6A as follows: the crown of the third
molar is oriented in a mesial direction and impacted in the
distal surface of the second molar, and the root is oriented
distally. In relation to the crown itself, occlusal is toward the
occlusal surface and cervical is toward the cervical constriction.
The roots of teeth may be labeled using this terminology, such
that a mandibular molar has 3 roots: mesiobuccal, distobuccal,
and lingual (Fig. 7).

Anatomy of the Maxilla

The bony anatomy of the maxilla™'""'* is shown in Figure 8,

and neurovascular anatomy' '~ is highlighted in Figure 11. In
brief, the roof of the oral cavity anteriorly is formed by the
bones of the hard palate, the maxilla, and the palatine bones,
which are separated anteroposteriorly by the transverse suture.
The hard palate is also divided into right and left halves by the
median palatine suture, or palatine raphe. More posteriotly,
the roof of the oral cavity is formed by the fibromuscular soft
palate. The alveolar process forms the anterior and the lateral
borders of the hard palate, and the pterygoid process of the
sphenoid bone, as well as lateral and medial pterygoid plates,
lie posterior to the alveolar process. The greater and lesser
palatine foramina, containing the exiting greater and lesser
palatine nerves, can be seen on the roof of the hard palate. The
hard palate separates the oral cavity from the nasal cavity and
paranasal sinuses superiorly. Most anteriorly, the nasal cavity,
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Figure 10 An axial CT image of the nasopalatine canals and incisive foramen. The more superior image (A) demonstrates the
2 nasopalatine canals (Np); the inferior slice (B) demonstrates their common opening, the incisive foramen (/f). (Adapted

with permission from Gray.”)

containing the nasal conchae, is separated in the midline by a
nasal septum and a bony prominence on the anterior aspect of
the maxilla, known as the anterior nasal spine. The nasopala-
tine nerves run anteroinferiorly on either side of the nasal
septum and enter the hard palate through the nasopalatine
canals on either side of the septum. The nasopalatine canals
form a common opening on the inferior aspect of the palate,
known as the incisive foramen. These structures are excep-
tionally demonstrated on axial CT images (Fig. 10). The
maxillary sinuses are located posterior and lateral to the nasal
cavity, and the pterygopalatine fossae lie posterior to them.

The maxillary division of the trigeminal nerve (V2) exits the
foramen rotundum at the skull base and crosses the pterygo-
palatine fossa superiorly to enter the orbit through the inferior
orbital fissure as the inferior orbital nerve (Fig. 11). The anterior
branch of the superior alveolar nerve, arising from the inferior
orbital nerve, supplies the canines and the incisors, as well as
forms part of the superior dental plexus to supply the anterior
part of the hard palate. The maxillary artery, via the posterior,
middle, and anterior superior alveolar arteries, supplies the
teeth of the maxilla. The nasopalatine nerve, a branch of the
pterygopalatine ganglion, courses through the sphenopalatine
foramen and enters the nasopalatine canal in the hard palate.
The sphenopalatine artery follows the course of the nasopala-
tine nerve. In the pterygopalatine fossa, the maxillary nerve
gives off 2 ganglionic branches that pass through the pterygo-
palatine ganglion without synapsing and form the lesser and
greater palatine nerves. The greater palatine nerve supplies the
molars and posterior two-thirds of the hard palate.

Anatomy of the Mandible

The bony anatomy of the mandible™" "'

13-1
and the neurovascular anatomy' >

is shown in Figure 9
in Figure 11. The mandible

consists of 2 vertical rami attached to a U-shaped body. The
alveolar process, housing the teeth, is the most superior portion
of the mandibular body, and the lower half is referred to as the
basilar bone. Given that the alveolar process curves more
sharply than the mandibular body does, it is positioned
medially relating to the mandibular body. Posterior to the
teeth, the alveolar process tapers into the retromolar triangle
and joins the lingual aspect of the ramus to form the temporal
crest. Buccal to the alveolar process, the anterior portion of the
coronoid process joins the body of the mandible to form the
oblique line. The retromolar fossa lies between the temporal
crest and the oblique line.

The mylohyoid ridge is a prominent bony crest on the inner
or lingual surface of the mandible, representing the point of
origin of the mylohyoid muscle. Inferior to the mylohyoid
ridge sits a concavity for the submandibular gland known as
the submandibular fossa. Above the mylohyoid line sits a small
concavity for the sublingual gland known as the sublingual
fossa. In the midline on the lingual aspect of the mandible,
there is a bony protuberance, the genial tubercle, for
the insertion of the geniohyoid and genioglossus muscles.
The mandibular foramen is situated on the lingual aspect of the
mandibular ramus centrally approximately 1-2 cm posterior to
the third molar at the levels of the crowns of the teeth. After the
mandibular nerve (V3) exits the foramen ovale in the skull base
and branches, the inferior alveolar nerve travels deep to the
lateral pterygoid muscle to enter the mandibular foramen. Just
before entering the foramen, a small branch, the mylohyoid
nerve, does not enter the foramen and travels in a groove on
the lingual surface of the mandible to supply the mylohyoid
muscle. After entering the mandibular foramen, the inferior
alveolar nerve travels through the mandibular canal (also called
the inferior alveolar canal) to supply small dental and
interdental branches that enter the apical foramina and travels
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Figure 11 Neurovascular anatomy. (A) View of the mandible illustrating the mandibular foramen, the mental foramen, and
the nutrient canals, which extend from the inferior alveolar canal toward the teeth. (B) Parasagittal view through the
trigeminal nerve and the lateral nasal cavity. The mylohyoid nerve travels on the lingual surface of the mandible and does
not enter the mandibular foramen. The greater palatine nerve arises from the pterygopalatine nerve, a branch of V2.
(O Midsagittal view through the incisive foramen and the nasal septum. The nasopalatine nerve, a branch of the
superoposterior nasal nerve, travels along the nasal septum and through the incisive foramen. (Adapted with permission

from Gray.z)

between teeth to supply the periodontal ligament. The inferior
alveolar artery, a branch of the maxillary artery, accompanies
the nerve in the mandibular canal. Between the first and the
second premolars, the main terminal branch of the inferior
alveolar nerve exits on the buccal surface of the mandible
through the mental foramen as the mental nerve to supply
sensation to the chin and the lower lip. A small terminal
branch, the incisive nerve, travels anteriorly within the
mandible toward the midline in the incisive canal to help
innervate the canines and the lateral incisors. At the mental
foramen, the inferior alveolar artery also branches into the
mental and the incisive arteries, with the incisive artery exiting
the mandible in the midline along its lingual aspect to travel
through the lingual foramen and anastomose with branches of
the lingual artery of the tongue.

Conclusions

Advancements in CT technology have provided radiologists
the ability to assess pathology and anatomy of the teeth and
jaws with detail that is not possible by conventional panoramic
and intraoral radiography. Radiologists should possess a basic
understanding of tooth development and anatomy to appro-
priately discriminate between normal, benign, and malignant
processes, as well as to refer patients to dental specialists for
further workup when indicated.
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Introduction

he mainstay of dental imaging has traditionally been

the intraoral images called periapicals and bitewings,
which for many years were made with film that was
wrapped in a protective packet. Today these images are
taken using small detectors or sensors that are placed inside
the patient's mouth. The first digital intraoral solid-state
detector, a charge-coupled device (CCD), was introduced
in 1997." These detectors are directly attached to the
computer by a wire and give an almost instantaneous
image on the computer monitor (Fig. 1). This provides
huge savings in time compared with the traditional wet
processing needed for films as well as for the ability to
manipulate the image and change its brightness and
contrast. In addition, because the images appear on a
monitor within the operatory it allows for instant feedback
to the operator and also the patient. Several manufacturers
are now using complementary metal oxide semiconductor
technology for their detectors, as it is less expensive to
produce than CCD technology.” In dentistry these types of
detectors are often referred to as “sensors” to differentiate
them from an alternate digital intraoral detector, photo-
stimulable phosphor (PSP) plates. PSP plates are thinner
and more flexible than the solid-state sensors and are often
tolerated better by the patient. They are the same size as
traditional intraoral film packets and can be used with the
same positioning devices without modification. Exposure
to x-rays produces a latent image within the plate in the
form of stored energy, which is released when the plates are
“processed” by laser light in the manufacturer's scanning
device or reader. The readers are often small enough that
they can be placed in the dental operatory (Fig. 2). The
image, therefore, like film is not instantaneous as this is a
2-step process. However, once placed in the reader the
images can appear on the computer monitor in as little as
3 seconds. Some dental offices still use film-based imaging
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but those dentists who have opted to go digital have a
choice of using either solid-state sensors (CCD, comple-
mentary metal oxide semiconductor) or PSP detectors and
some offices have a combination of both systems.

Pertinent Tooth Anatomy

A brief review of pertinent anatomy is helpful for a more
complete understanding of the material that follows.
Further detail of the anatomy can be obtained in Vahe
et al.” The adult dentition consists of 32 permanent teeth: 3
molars, 2 premolars (bicuspids), 1 canine (cuspid), and a
lateral and a central incisor in each of the 4 quadrants. A
tooth is made up of a crown and a root. The size and shape
of the crown and the number of roots vary depending on
the type of tooth. For instance, maxillary molars have 3
roots whereas a central incisor has only 1 root. Teeth have
different functions. Molar crowns are larger with bigger
surfaces for grinding. Incisor teeth have a thin “incisal” edge
to their crowns for shearing.

The crown is covered by dense radiopaque enamel, which is
approximately 96% mineralized and the hardest structure the
body produces.” It is designed to protect the tooth from
occlusal forces and also from the potential hostile environment
of the oral cavity. Under the enamel is the slightly less
radiopaque dentin, which forms the bulk of the hard tissue
of the tooth including crown and root. The dentin in the root is
covered by a thin layer of cementum. This layer is less
mineralized than enamel and susceptible to loss once the root
of a tooth is exposed to the oral environment as in periodontal
disease (loss of bone around the tooth root). It is not visible as a
separate structure radiographically because it is so thin and also
so similarly mineralized as dentin. Cementum is approximately
65% mineralized compared with dentin, which is approxi-
mately 70% mineralized.”

The enamel and dentin meet in the crown of the tooth at the
dentinoenamel junction (DEJ) and this is an important land-
mark in caries (decay) detection (Fig. 3). Early or incipient
interproximal (between teeth) caries is seen only in the enamel,
which offers significant resistance due to its high mineraliza-
tion. Once the caries reaches the DEJ and enters the dentin
there is less resistance. The dentinal tubules offer a pathway for

407


http://dx.doi.org/10.1053/j.sult.2015.09.005
http://dx.doi.org/10.1053/j.sult.2015.09.005
http://dx.doi.org/10.1053/j.sult.2015.09.005
http://crossmark.crossref.org/dialog/?doi=10.1053/j.sult.2015.09.005&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1053/j.sult.2015.09.005&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1053/j.sult.2015.09.005&domain=pdf
mailto:lisa.koenig@marquette.edu

408

LJ. Koenig

Figure 1 A typical intraoral sensor (long arrow) (Schick by Sirona,
Long Island City, NY) is seen in its custom-positioning device (short
arrow) (Dentsply Rinn, York, PA), which aids in placement in the
mouth. (Color version of figure is available online.)

progression to the pulp chamber. The pulp chamber is located
inside each tooth crown and provides nutrients to the tooth. It
contains blood vessels and nerves, which enter the tooth
through a foramen at the apex of the root. The nerves and
vessels then course through the root in the root canal to the
pulp chamber in the crown. The root canal and pulp chamber
appear radiographically as a relative radiolucency compared
with the radiopaque dentin (Fig. 3). The pulp can become
inflamed if caries reaches the dentin (toothache).

The tooth root is supported in the bony socket by the
periodontal ligament and this appears on the radiographs as a
thin radiolucent line surrounding the entire root. The cortical
lining of the socket is known as the lamina dura and appears in
images as a thin radiopaque line peripheral to the radiolucent
periodontal ligament. It surrounds the entire socket and also
extends between the cervical portions of the teeth, where it is
known as the crestal lamina dura or alveolar crest. The crestal
lamina dura is an important landmark in determining loss of
alveolar bone, which occurs in periodontal disease. The apical
lamina dura, which surrounds the root apex, is an important
landmark in determining the origin of lesions at the root apex
(Figs. 4 and 5).

Figure 2 A PSP plate (arrow) is placed in the manufacturer's reader
(Digora Optime, Soredex, Tuusula, Finland). The reader is compact
enough that it can be placed chairside. (Color version of figure is
available online.)

Figure 3 Well-positioned right premolar bitewing radiograph shows
both maxillary and mandibular crowns and interproximal spaces
between teeth to allow for early caries detection. Arrow shows the
clear delineation between the more radiopaque enamel and less
radiopaque dentin known as the dentinoenamel junction. The pulp
chamber (left arrowhead) and root canal (right arrowhead) are seen as
radiolucencies at the center of the teeth.

Intraoral Images

A full mouth series of intraoral radiographs consists of
4 bitewing views and periapical views of the maxilla and
mandible, which can vary in number from 14-18 views.

Bitewing Views

Bitewing views, as the name infers, are taken with the teeth
biting together or in occlusion as referred to in dentistry. Both a
molar and a premolar bitewing are taken on the right and
left (4 bitewings). Positioning devices or holders allow the
detector to cover the maxillary and mandibular crowns of the
teeth as well as the crestal alveolar bone between the teeth
on each image. Correct positioning of these images is

Figure 4 This periapical radiograph of the left mandibular premolar
area shows the lamina dura as a thin white line that surrounds the
tooth socket (arrowheads). Between the lamina dura and the tooth
root is a thin radiolucent line known as the periodontal ligament
space. The apical lamina dura (portion around root apex) can be seen
intact through a radiolucency (black arrows) to the left of the root
apex, confirming that this is not pulpal periapical inflammatory
disease but in fact the normal mental foramen. The crestal lamina dura
(white arrow) marks the normal height of the alveolar bone. In
periodontal disease the crestal lamina dura is lost.
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Figure 5 Right maxillary periapical radiograph shows anterior tooth-
colored restorations (dental resin composite) on the canine and lateral
incisor (arrowheads). The restorations are radiopaque but not as
radiopaque as the amalgam restoration on the first molar (long arrow).
Note the intact apical lamina dura on the lateral incisor, which appears
as a continuous thin radiopaque line around the apex of the tooth
(short arrows).

crucial to allow for visualization of the contacts between the
teeth (Fig. 3). This is important because the outer edge of the
enamel at the contact point is where decay, known as
interproximal caries, begins. Because caries causes demineral-
ization of the tooth it presents as a radiolucency within the
radiopaque enamel. Interproximal caries begins just below or
at the contact point between 2 teeth and in the early stages
cannot be visualized clinically in posterior teeth. Hence
bitewing views are necessary to detect early lesions known as
incipient caries in the premolars and molars (Fig. 6). The use of
bitewing images increases the detection of interproximal caries
by 85%.” Interproximal caries progresses through enamel in a
triangular shape with its broad base at the outer edge of the
enamel and its apex directed toward the DEJ. Caries that is still
in the outer one-half of the enamel is known as incipient caries.
Once the caries has reached the DE] it spreads along the inner
surface of the DEJ, creating a broad base at the outer edge of the
dentin. The caries then progresses in a triangular pattern again
toward the pulp chamber. Caries that has extended more than
halfway between the DEJ and the pulp chamber is known as
severe caries. Caries can occur on other surfaces of the teeth,
including the biting surfaces, where it is known as occlusal
caries. This type of caries can be detected clinically and can be
seen only radiographically when it has already reached the
dentin.

‘When a dentist detects caries within a tooth, and if the caries
is extensive, an assessment has to be made as to whether the
pulp has become involved. Several clinical tests may be
performed, including vitality tests to determine if the tooth is
still viable. Dentists use cold, heat, or an electric pulp tester to
compare the response of the tooth in question to that of

Figure 6 This left premolar bitewing radiograph shows incipient caries
on the distal (posterior) of tooth 20 (arrow) just below the contact
point. A triangular radiolucency with its broad base at the outer edge
of the enamel is seen within the enamel but does not extend to the
DE]J. A lesion that has extended to the DEJ is seen on the mesial
(anterior) of tooth 13 (arrowhead). Carious lesions in various stages
are also present on several other teeth.

adjacent teeth. A negative vitality test informs the dentist that
the pulp (neurovascular bundle) has been damaged irrever-
sibly and hence before restoring the tooth the pulp needs to be
removed. This procedure is known as endodontic therapy or a
“root canal procedure.” After endodontic therapy, the normally
radiolucent root canal appears radiopaque on images, because
the treated root canal is filled with a radiopaque material
(Fig. 7).

Restorations vary, but amalgam restorations have been
historically the choice for posterior teeth as they offer resistance
to biting forces and a good long-term prognosis. Amalgam-
restorative materials, as the name implies, are a composite of
mercury, silver, and tin and are sometimes called “silver
fillings” because of their appearance. The metallic components
of amalgam cause complete attenuation of the x-ray beam and
amalgam restorations appear as an image void or complete
radiopacity. Gold and high-noble replacement crowns also
similarly attenuate the x-ray beam and appear completely

Figure 7 Periapical radiograph illustrating a periapical radiolucency
(long arrow) involving a mandibular molar that has undergone root
canal therapy. Note that the apical lamina dura is missing. The root
canals are filled with gutta percha (short white arrows), which is
radiopaque but not as radiopaque as amalgam restorations in crowns
of adjacent teeth (arrowheads). Compare to adjacent tooth with
normal radiolucent root canal (black arrows).
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Figure 8 Periapical radiograph shows radiolucencies (arrowheads) at
the apices of vital mandibular anterior teeth representing early lesions
of periapical cemental dysplasia.

radiopaque. Metallic restorations cause significant streaking
artifact on computed tomography (CT) scans and can con-
found interpretation. Tooth-colored restorative materials,
known as dental resin composite, were historically used only
in anterior teeth but are now frequently used also in posterior
teeth. They usually contain a radiopaque filler, so they can be
seen on the radiograph (Fig. 7). They are, however, less dense
and so not as radiopaque as amalgams or gold crowns, and do
not create the same artifact on CT scans.

Periapical Views

A periapical radiograph shows the view of the whole tooth
including 2-3 mm of bone surrounding the apex of the root
and is limited to teeth in 1 arch. This is in contrast with the
bitewing view, which shows the crowns of both the maxillary
and mandibular teeth together and does not show the root
apices. A dentist may order from 14-18 periapical views
depending on his/her preference and the patient's needs.
Periapical radiographs are taken to rule out lesions at the
apex of the tooth, which may occur when the tooth has
become nonvital. Death of the pulp results in degradation
products that exit the tooth through the apex and set up an
inflammatory response. This causes loss of apical bone and
results in a periapical radiolucency (Fig. 7). The apical lamina
dura, which normally appears as a thin radiopaque line, is also
lost (compare Fig. 5 with Fig. 7). The presence of a radio-
lucency at the apex of a nonvital tooth automatically implies
pulpal periapical inflammatory disease and only 2 options
remain for the tooth: extraction or root canal therapy. The
dentist determines which option is better for the tooth based
primarily on restorability, that is, whether the tooth and root
can be restored to optimal form and function. When a root
canal therapy is performed the infected pulp is removed and

the canal or canals, depending on the tooth, are cleaned and
debrided” (Fig. 10). The canals are then filled with root-filling
material, usually a rubber type material called gutta percha
(Fig. 7). This appears radiographically as a radiopacity but is
not as radiopaque as amalgam.

Vitality of the tooth is important as other lesions may appear
as radiolucencies at the apex of teeth, most notably a condition
called periapical cemental dysplasia (Fig. 8). This condition
commonly occurs in middle-aged African American females
and presents as a periapical radiolucency in the early stages of
the disease. As the lesion matures, radiopacities representing
dysplastic cementum are deposited within the radiolucency,
making it less likely that it would be misdiagnosed as pulpal
periapical inflammatory disease (Fig. 9). The teeth in periapical
cemental dysplasia are vital and this condition is benign and
requires no treatment.

Although periapical images are not adequate for preoper-
ative implant planning, they are the image of choice for
determining osseointegration of implants postoperatively
(Fig. 10). Implants cause beam-hardening artifact on cone-
beam CT (CBCT) scans, which precludes the use of this
technology for postoperative implant evaluation. Periapical
radiographs may also demonstrate other pathologies that occur
in the alveolar bone, including common odontogenic lesions
such as odontomas and dentigerous cysts. If the periapical
image is not able to visualize the full extent of the lesion then
the dentist may opt to take a panoramic radiograph, a CBCT
scan, or a conventional medical CT scan.

Figure 9 Periapical radiograph shows a more mature stage of periapical
cemental dysplasia. As the lesions mature, radiopacities are seen
within radiolucencies (large arrow), which helps to distinguish this
lesion from pulpal periapical inflammatory disease.
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Figure 10 Periapical radiograph shows 4 implants in the left maxilla
with osseointegration as evidenced by the bone engaging the threads
of the implant and lack of any peri-implant radiolucency. The
periapical radiograph is the imaging modality of choice for post-
operative evaluation of implants.

Panoramic Radiographs

Panoramic radiographs allow visualization of both the
maxilla and mandible and the surrounding oral and
maxillofacial structures, including the temporomandibular
joints (Fig. 11). Panoramic radiographs are extraoral images
as the image receptor and x-ray source rotate synchro-
nously around the patient's head. The machine uses a slit
collimator and images are built up in thin slices. Receptors
are larger versions of the intraoral digital sensors, being
usually a CCD sensor or a PSP plate. Machines with CCD
sensors display the image as acquired. PSP plates require
“processing” in the manufacturer's reader, like intraoral
plates. The patient either stands or sits within the machine
and bites on a registration peg. Laser light or other
positioning devices assist in placing the patient accurately
within the machine's focal trough. This is the area between
the image receptor and x-ray source where objects are
imaged and in focus. A panoramic radiograph is commonly
taken to evaluate third molars or extensive pathology that
cannot be fully visualized on smaller intraoral periapical
radiographs. The panoramic image also allows for visual-
ization of teeth and pathology in relation to critical

Figure 11 A panoramic radiograph shows the maxilla and mandible
and surrounding maxillofacial structures, including the temporoman-
dibular joints. Note the impacted displaced right mandibular canine
close to the inferior border of the mandible (arrows).

structures such as the mandibular canal and maxillary
sinuses. However, owing to the 2-dimensional nature of the
image the panoramic radiograph has significant limitations,
including distortion, which precludes accurate measure-
ments. Pathology cannot be evaluated in the buccal-lingual
dimension (jaw thickness) and there is inherent magnifi-
cation and overlapping of teeth in the technique, which
varies depending on the machine. Many oral surgeons now
prefer to take a CBCT image so that the pathology can be
evaluated in 3 dimensions and the exact location of the
lesion to vital structures such as the mandibular neuro-
vascular bundle can be determined.

Cone-Beam Computed
Tomography

The introduction of CBCT machines into the USA in the early
2000s revolutionized dental radiology. CBCT allows for
3-dimensional images of the oral and maxillofacial area, similar
in appearance to images from conventional CT, but at a
significant dose savings.”* In addition, the cost of the machine
is significantly less than that of a conventional CT scanner and
is therefore often affordable for dentists to place in their office.
CBCT and medical CT images are acquired in different ways.
There are 2 types of image receptor: flat panel and image
intensifier. Most CBCT units currently use a flat panel detector
comprising a large-area solid-state sensor. The units have a
circular collimator; consequently the x-ray beam is cone
shaped, hence the name cone beam.” The x-ray source and
image receptor rotate around the patient in a similar fashion to
that of panoramic machines; however, the images acquired are
similar to cephalometric images, which are large 2-dimensional
lateral views of the head. The machine may rotate 360° around
the patient in acquiring these images, called basis images. The
x-ray beam is usually pulsed to reduce radiation exposure. The
basis images are reconstructed into a volume and presented on
a typical section screen as axial, sagittal, and coronal images.
Most software programs also allow for viewing of 3D images
without additional reformatting. Reconstruction time varies
depending on the field of view and resolution selected.

There are a significant number of CBCT machines on the
market targeted to the various dental specialties, each varying
in the size and number of fields of view offered, and with
options to have the patient sitting, standing, or supine. Smaller
fields of view in the 5 cm x 5 cm range are usually used for
endodontic applications as they generally provide a higher
resolution, which is needed for visualization of additional root
canals or fractures within the root of the tooth. Fields of view
can vary from these very small volumes to extra-large volumes
in the range of 24 cm x 17 cm, which are indicated for
cephalometric analysis or cephalometric surgical planning.
Images acquired with CBCT machines are similar to bone-
window images in traditional medical CT imaging and there-
fore inadequate for evaluating soft tissue. Resolution is higher
with isotropic voxel sizes in some of the newer machines as
small as 0.05 mm. The radiologist is responsible for determin-
ing the optimal field of view and resolution using the principle
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Figure 12 (A) 3D CBCT volume rendering. Patient is edentulous and wearing maxillary and mandibular radiopaque
radiographic guides (arrows) made of temporary crown and bridge material (Integrity, Dentsply Caulk, Milford, DE).
(B) Left mandibular cross-sectional CBCT image in the same patient shows the radiopaque guide (hollow bold arrow) at the
first molar site straddling the mandibular ridge. Measurements of width are typically made at the superior border of the
mandibular canal (short thin arrow) and the alveolar crest (long thin arrow). The bone height between these points (solid
bold arrow) is also measured. Mandibular canal (white circle). (Color version of figure is available online.)

of As Low As Reasonably Achievable (ALARA), meaning
radiation dose should be the minimum possible for the
required diagnostic task.

The most common application of CBCT in dentistry is for
implant planning. This is because it establishes the exact
height, width, and contour of the alveolar ridge and the precise
location of vital structures such as the maxillary sinuses
and mandibular canal, all information necessary for safe
implant placement.

Panoramic radiography is limited by its inability to generate
cross-sectional images. Thus, when panoramic radiographs
appear to demonstrate adequate bone for implant placement in
the vertical dimension, the dentist usually obtains cross-
sectional imaging with either conventional CT or CBCT to
evaluate adequacy of bone in the buccal-lingual dimension and
to obtain direct measurements of the prospective implant
site(s). '

In 2012, the American Academy of Oral and Maxillofacial
Radiology (AAOMR) published its position paper on the
selection criteria for the use of radiology in dental implant
planning.'" The AAOMR concluded that panoramic radiog-
raphy is considered unsuitable as a single imaging source for
dental implant assessment. Furthermore, the AAOMR recom-
mended that cross-sectional imaging be used for the assess-
ment of all dental implant sites and that CBCT is the imaging
method of choice for obtaining that information.

The radiologist determines the buccal-lingual width of the
alveolar bone using the measuring tools in the CBCT imaging
software. The distance of vital structures to the implant site is
critical in determining whether sufficient bone is available for
implant placement. Dentists often fabricate radiographic
guides that help determine the ideal location and angulation
for the implant. These guides, which are worn during the scan,
may be full-coverage denture-like guides fabricated of radio-
paque material (Fig. 12A) or localized guides that use radio-
paque markers to indicate the ideal position of the implant.

The radiologist can then measure the height and width of the
alveolar bone in the precisely desired location of the implant.
Of consideration would be the proximity to vital structures
such as the nasopalatine canal, floor of the nasal cavity,
inferior alveolar neurovascular bundle, maxillary sinuses, etc.
In the mandible, the width of the alveolar bone is typically
measured both at the alveolar crest and at the superior border
of the mandibular canal. Estimation of the available man-
dibular bone height for implant placement is then the
measurement between these 2 points (Fig. 12B). Mesial to
the mental foramen, where the mandibular canal ends, the
height is measured from the alveolar crest to the bottom of the
mandible. In the maxilla, the height is measured from the
alveolar crest to the maxillary sinus. Dentists may also need to
know the proximity of the adjacent teeth crowns and roots to
determine whether sufficient space is available to restore the
implant with the prosthesis once the implant is in place.
If ample room is not available, orthodontics may be required
to move teeth before implant surgery.

Surgical guides can be fabricated from the CBCT data and
help the surgeon exactly place the implant in the desired
location. This usually requires the CBCT data to be exported as
DICOM files into third-party implant-planning software such
as Simplant, NobelGuide, and Anatomage. The implant
planning software merges 2 or 3 data sets depending on the
program. In the Simplant program the patient is scanned
wearing the radiographic guide and then the radiographic
guide is scanned separately. In the Anatomage system the
patient is scanned separately and then stone models derived
from impressions of the patient are used by the dentist for
prosthetic treatment planning. The models are scanned both
before and after the treatment planning. Models are made by
first taking an impression of the patient's arch, either maxilla or
mandible, and then pouring up the impression with stone. The
stone model, therefore, is a replica of the patient's maxilla or
mandible including the soft tissue. By merging the scans, the
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Figure 13 A typical maxillary surgical guide made with the Anatomage
implant planning software. Pilot drill hole is seen on patient's right
(arrowhead) and a master sleeve that allows insert tools is on the left
(arrow). (Courtesy: T. Hart, DDS.) (Color version of figure is available
online.)

implant planning software is able to accurately assess the ideal
position of the implant relative to the available bone and the
desired occlusion of the restored implant. Implant planning
software programs have libraries of the various different types
of implants and the desired shape, length, and width of the
implant can be determined before surgery. This is accom-
plished by selecting a “virtual” implant from the library,
superimposing it on the scan, and adjusting its size and shape
to fit the patient'”. Once the correct virtual implant has been
chosen and the exact angulation determined the data can then
be exported for fabrication of the surgical guide. Surgical
guides may contain just “pilot drill” holes, which allow
for angulation of the initial pilot drill only and not subsequent
drill sequences (Fig. 13). Alternatively, the guide may
contain “master sleeves,” which allow for guidance of every
drill by the use of insert tools. The insert tools allow for
guidance from the initial pilot drill through subsequent
drills with gradually increasing diameters until the final
desired diameter of the implant is reached."” The use of
surgical guides improves predictability of outcomes. If an

Figure 14 A sagittal CBCT view of the right anterior maxilla shows that
the implant at the lateral incisor site has been placed too far facially and
is out of the confines of the maxillary alveolar bone.

implant is placed by free hand there is a risk of violating critical
structures or placing the implant outside the confines of the
alveolar bone (Fig. 14).

In addition to CBCT there are several commercially available
dental CT reformatting programs such as DentaScan (GE
Medical System, Global Center, Milwaukee, W) that are useful
for imaging the teeth and jaw.

Conventional CT With Dental
Reformatting Programs

Conventional medical CT imaging using reformatting software
programs is also useful and frequently used for evaluating the
teeth and jaws. The patient is placed supine in the CT gantry
and may be secured using a head holder, chin strap, and
sponges on either side of the head to prevent motion during
the scan. A digital scout view is obtained to define the upper
and lower boundaries of the scan and to ensure that the scan
plane is parallel to the alveolar ridge.

Thin axial images are then acquired and the technologist
selects one that ideally demonstrates the full contour of the
mandible or maxilla and that is at the level of the roots of the
teeth. Using this reference image, the technologist deposits the
cursor in multiple positions along the curve of the mandible or
maxilla. The CT software program then automatically connects
these points, producing a smooth curved line, which defines
the plane and location of a series of reformatted panoramic
images produced buccal and lingual to the line. The program
then places a series of numbered lines perpendicular to this
curved line. The perpendicular lines are defined where multi-
ple oblique sagittal (cross-sectional) images would be auto-
matically reformatted. A 2-mm space is customarily used
between reformatted cross-sectional images; however, this can
be adjusted by the technologist. These reformatted images have
the benefit of not being degraded by streak artifact as the artifact
projects at the level of the crowns of the teeth and not over the
area of interest, the bone and roots. When complete, 3 types of
images are displayed: axial, oblique sagittal (cross-sectional),
and panoramic. The DentaScan panoramic images are free from
superimposition of other osseous structures, unlike standard
panoramic radiographs. The oblique sagittal views are unique
and allow clear identification of buccal and lingual cortical
margins and buccolingual width, as well as normal anatomical
structures such as the inferior alveolar canal, mental foramen,
mandibular foramen, genial tubercle, greater and lesser palatine
foramen, incisive canal, and maxillary sinus. In a typical study,
30-50 axial images, 40-100 cross-sectional images, and 5
panoramic images are generated.

Magnetic Resonance Imaging

Magnetic resonance imaging (MRI) is not typically used for
implant planning. The primary indication for MRI is the
evaluation of tumors and lesions of the jaw or for soft tissue
lesions. It may also be used for evaluating the temporoman-
dibular joint. T1 images are useful for determining marrow
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replacement by tumor. Conventional medical CT may also be
used. Cone-beam CT uses a bone setting and cannot character-
ize soft-tissue findings.
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Dental implants restore function to near normal in partially or completely edentulous patients.
A root-form implant is the most frequently used type of dental implant today. The basis for
dental implants is osseointegration, in which osteoblasts grow and directly integrate with the
surface of titanium posts surgically embedded into the jaw. Radiologic assessment is critical in
the preoperative evaluation of the dental implant patient, as the exact height, width, and
contour of the alveolar ridge must be determined. Moreover, the precise locations of the
maxillary sinuses and mandibular canals, as well as their relationships to the site of implant
surgery must be ascertained. As such, radiologists must be familiar with implant design and
surgical placement, as well as augmentation procedures utilized in those patients with
insufficient bone in the maxilla and mandible to support dental implants.

Semin Ultrasound CT MRI 36:415-426 © 2015 Elsevier Inc. All rights reserved.

Introduction

major cause of tooth loss in the United States is
periodontitis, which in its mild to severe forms affects
46% of the population, with other tooth loss etiologies
including, but not limited to caries, trauma, developmental
defects, and genetic disorders, such as dentinogenesis imper-
fecta." Before dental implants, dentures or bridges were used
for cosmesis in edentulous patients. A removable denture (false
teeth) is a prosthesis composed primarily of acrylic resin or
porcelain seated in a plastic mount and supported by the
surrounding hard and soft tissues of the oral cavity. A denture
may be partial or complete depending on whether a patient is
missing some or all of his or her teeth in a single arch. A bridge
is a fixed (nonremovable) partial denture that is used to replace
amissing tooth or several missing teeth. A bridge consists of an
artificial or “dummy” tooth or teeth composed of gold,
porcelain, or porcelain-fused-to-metal. A crown is used to
anchor a bridge to the adjacent normal teeth (Fig. 1). An
attractive alternative to standard dentures and bridges became
available when dental implants were developed and refined.
The basis for dental implants is osseointegration, in which
osteoblasts grow and directly integrate with the surface of
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titanium posts surgically embedded into the jaw.” Having
become extremely popular over the last few decades, dental
implants restore function to near normal in partially or
completely edentulous patients.

Implant Design

Implants have become the state of the art in dentistry and are
the most optimal substitute for missing teeth. As a single-tooth
replacement, an implant is freestanding, not attached to
adjacent teeth, and therefore, much easier to maintain. For
patients who have lost multiple teeth, implants can provide
support for a stable, healthy, and esthetic dentition that is not
removable. Perhaps the most important aspect of implants is
that they can restore quality of life and greatly boost a patient's
self-esteem.

A root-form implant is the most frequently used type of
dental implant today and consists of 3 main components:
fixture, abutment, and prosthesis (Fig. 2). The fixture is a
cylinder-shaped metal post that is surgically embedded into
the osseous portion of the jaw, simulating the shape of the root
of a tooth. After surgical insertion, the top of the fixture will be
flush with the surface of the alveolar bone. The abutment is
attached to the fixture using an abutment screw, which raises it
from the bone surface to above the mucosal surface. The
prosthesis is then either cemented to the implant or attached
with a prosthesis screw. It is worth noting that a one-to-one
ratio does not necessarily need to exist between the tooth and
the implant. For example, a 5-tooth prosthesis might be
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Figure 1 Imaging appearance of root-form implants in 2 different patients. (A) Lateral radiograph demonstrates a root-form
dental implant with titanium-threaded fixture embedded in the mandibular alveolus (large arrow). Also, note maxillary
bridge (B) supported by crowns (C) on adjacent teeth. Radiopaque gutta-percha (short arrows) is noted in the root canals
from root canal procedures. (B) Axial CT with bone windows demonstrates 3 root-form implants in the right and left
maxilla (white arrows). Prior root canal procedures are also depicted (black arrows).

supported by just 3 implants. Dental implants are readily seen
on computed tomography (CT) scans using bone windows, as
well as on plain radiographs (Fig. 1).

Before root-form implants, dentists used subperiosteal,
blade, and transosseous implants.” A subperiosteal implant
consists of a metallic meshwork, which is implanted beneath
the periosteum of the alveolar process (Fig. 3). Metallic posts
extend from beneath the periosteum into the oral cavity to
support the prosthesis. A blade implant is a type of endosseous
implant that is rectangular shaped and consists of metallic
posts that extend from the top of the osseous implant into the
oral cavity (Fig. 4). Subperiosteal and blade implants have
essentially been replaced by the more favorable root-form

Figure 2 Ilustration of 2 root-form implants supporting a 3-tooth
prosthesis. (A) Root-form implant components: Prosthesis screw (Ps),
abutment screw (As), abutment (A), fixture (F). (B) The threaded
titanium fixture (F) is the portion embedded into the alveolar bone
that undergoes osseointegration. The black portion running through
the prosthesis (black arrow) represents a metal framework, which
supports the porcelain dental prosthesis. (Reprinted with permission
from Abrahams and Kalyanpur.'”)

implants, although they may still be occasionally encountered
on imaging. For highly atrophic mandibles, a transosseous
implant may be placed from underneath the chin, traversing
the mandible from bottom to top until it is exposed in
the mouth. However, transosseous implants are rarely used
today secondary to the extensive surgery that is required to
place them.

Dentists prefer to place the largest implant possible because
it provides greater surface area, and thus, more effective
osseointegration for a stronger anchorage. However, the
maximum size of an implant is limited by the amount of
alveolar bone available. At least 1-1.5 mm of bone on either
side of the implant, as well as 1-2 mm of bone between the
bottom of the implant and vital structures, such as the
maxillary sinus or mandibular canal, should be present for
dental implants to be successful.* In addition to bone quantity,
bone quality assessment is important in the workup of a dental
implant patient. The density of the bone may be determined on
cross-sectional reformatted CT images according to the Misch
system that grades bone density from D-1 to D-4.” The D-1
bone is characterized by thick, dense cortices surrounding
densely calcified spongy bone with little or no porosity,
whereas the D-2 bone is characterized by dense cortical plates
and thick coarse trabeculae with small areolar spaces. The D-3
bone is thin cortical bone with thin trabeculae. Finally, the D-4
bone is thin or absent cortical plates with a paucity of
mineralized trabeculae. The D-1 or D-2 bone offers the best
chance of osseointegration.’

Surgical Procedure

The implant surgical procedure is illustrated in Figure 5.
Placement of the implant is typically achieved in 2 stages in a
dentist's office using local anesthesia. During the first stage of
surgery, the gingiva and periosteum are reflected back and an
osteotomy site (hole) is drilled in the alveolar ridge in a
predetermined desired location (Fig. 5A). A titanium fixture is
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Figure 3 Subperiosteal implant. (A) Photograph of a subperiosteal implant. The white portion fits underneath the
periosteum and on top of the alveolar process and may be coated with hydroxyapatite to stimulate bone growth. The
metallic portion extends above the level of the gingiva to support the prosthesis. (B) Panoramic radiograph demonstrates
the subperiosteal implant in a severely atrophic mandible. The prosthesis is not yet attached. (Courtesy of Wayne C. Jarvis,
DDS, Dentofacial Surgery of Western New York, Williamsville, NY.)

then torqued or screwed into the prepared location in the
osseous portion of the jaw. Fixtures range in size and are
manufactured with threads, which are external ridges in the
form of a helix to maximize initial contact, enhance surface
area, and facilitate stresses at the bone-implant interface.””
Newer fixtures feature tapered, root-form silhouettes,
decreased thread pitch (distance between ridges), as well as
deeper thread projections—all characteristics that magnify
surface area and curtail initial micromovement.”™'” Further
implant stability occurs through implant body surface
roughening, accomplished via titanium plasma-spraying,
grit-blasting, acid-etching, anodization (oxide layer formation),
or laser-sintering—texturing. Most of these topographic
modifications are commercially available and correlate with
long-term implant survival (95% rate), especially if they result
in moderately roughed surfaces of 1-2 um.'"'” Adding
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biomimetic agents, such as bioceramics (calcium phosphate
salts like hydroxyapatite), bioactive proteins (bone morphoge-
netic proteins), growth factors, type I collagen, Arg-Gly-Asp
(peptide and chitosan), ions (fluoride), and other polymers to
the tapered, threaded, and mechanically roughened fixture
may amplify bone-to-implant contact and speed of osseointe-
gration, though most of these agents either are not commer-
cially available or have no long-term clinical evidence to
advocate their standard use.' '’

After fixture insertion, either a healing abutment (Fig. 5D) is
immediately screwed into the hollow exposed coronal portion
of the implant fixture, or a cover screw (Fig. 5B) is first attached
and followed by placement of a healing abutment, as seen in
Figure 5. Cover screws are flush with the implant platform and
bone surface, whereas healing abutments extend further and
are flush with or slightly coronal to (above) the mucosal surface

Figure 4 Blade implant. (A) Radiograph demonstrates a metallic blade implant inserted in the mandible after a linear
osteotomy. A single post (P) extends above the level of the bone and gingiva to support a prosthesis. (B) Cross-sectional and
(O) axial CT images demonstrate a blade implant in the mandible (white arrow) with a post extending into the oral cavity
(black arrow). (Reprinted with permission from Abrahams and Kalyanpur.'?)
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Figure 5 Dental implant surgery. (A) Incision is made and the soft tissue flap is reflected back, after which 3 holes are drilled
(white arrows) for placement of implants. (B) Implant platforms flush with bone have openings occluded with cover screws
(white arrows). (C) Incision is sutured, closed, and allowed to heal for 3-6 months. (D) Cover screws are surgically exposed
for replacement with healing abutments. (E) Healing abutments are removed exposing the implant surface. (F) Permanent
abutment (black arrow) is fixed to implant fixture with abutment screw (short white arrow). Note: hole in abutment screw
(long white arrow) to accommodate screw for attaching prosthesis. (G) Prosthesis is screwed into abutments and access

holes are filled with tooth-colored composite material. (Reprinted with permission from Abrahams.

and can actually be seen in the mouth extending slightly above
the mucosal surface. In either case, the healing abutments and
cover screws both prevent ingrowth of soft tissue or bone into
the exposed hollow portion of the implant during the 3- to
6-month healing period that follows. Healing abutments allow
for secondary intention healing. When cover screws are used,
the soft tissue is sutured back over the fixture and cover screw,
creating primary closure of the wound (Fig. 5C). Cover screws
are typically reserved for more complicated scenarios that
involve ridge augmentation or otherwise compromised
implant placement.

During this first stage of surgery, where the fixture is
placed in the bone, it is important to establish the proper
angle of the implant with the alveolar ridge. Occlusal force
vectors should be parallel to the vertical axis of the alveolar
ridge, as any excess angulation of the implant may result in
breakdown of the surrounding bone.” The mean healing
period to provide for osseointegration following this first
phase of treatment is 3 months, though the wait time may
range from 6 weeks (early prosthesis loading) to 6 months
(more surgically complicated cases). During the 3- to 6-month
healing phase, osteoblasts grow and “integrate” with the
titanium fixture.

In the second stage of implant surgery, when healing is
complete, the healing abutments are removed to expose
the fixture platforms (Fig. 5E). The final abutments are
next intimately connected to the fixture using abutment
screws (Fig. 5F). The abutment screw, which is easily
replaceable, is the structurally vulnerable component of
the implant complex.'” In the event of unforeseen stress, it
may loosen or even break, thus sparing the fixture itself
from damage.” Angled abutments may be used to correct
for implants that are not parallel to the residual teeth.'”

21)

The final prosthesis, comprised of a single tooth crown or
multiple teeth in a denture-type construction, is typically
cemented onto the abutment. In lieu of cement retention,
the prosthesis can be attached to the abutment using
screws (Fig. 5G), which are used when there is limited
interocclusal space or when easy retrievability is needed
(long-span prostheses). A one-to-one implant-prosthesis
ratio is not necessary, and a full 14-tooth prosthesis can be
supported by only 6 root-form implants, though these
implants must be strategically located to dissipate stress
and distribute masticatory forces properly.

Radiologic Considerations

For a dentist to place an implant safely, the exact height, width,
and contour of the alveolar ridge must be determined. More-
over, the precise locations of the maxillary sinuses and
mandibular canals, as well as their relationships to the site of
implant surgery must be ascertained. Inadvertent injury to the
neurovascular bundle may result in permanent facial pares-
thesia, whereas violation of the maxillary sinuses may set the
stage for oroantral fistula/infection and subsequent implant
failure.

The radiologic assessment of the implant patient may begin
with intraoral periapical radiographs to approximate the
vertical height of the alveolar ridge. Although offering the best
resolution (line pairs/mm) amongst all imaging modalities with
minimal image distortion, periapical radiographs are limited by
their small size and inability to precisely localize key anatomical
structures. Moreover, the inability to visualize relevant anat-
omy in 3-dimensional (3-D) renders periapical radiographs
inadequate in the accurate estimation of bone volume in the
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Figure 6 Cross-sectional CT images demonstrate atrophy particularly in buccolingual dimension (thickness), rendering
inadequate bone for implant placement (center box and left-right white arrow).

edentulous site, especially in the buccolingual or horizontal
dimension (thickness).

Panoramic radiography is the most widely used imaging
study in the preoperative evaluation of the dental implant
patient, although it too has its limitations. The magnification
factor varies, and images may be distorted up to 25%
secondary to a predetermined plane or focal trough incon-
gruent with the patient's alveolar ridge. This makes accurate
measurement of bone height and thickness unreliable. Pan-
oramic radiographs may demonstrate adequate bone for
implants in the vertical dimension (height), but will not
provide information regarding the thickness of bone in the
horizontal direction. Dentists may therefore obtain cross-
sectional imaging with either conventional or cone beam CT
(CBCT) to evaluate the adequacy of bone in the buccolingual
dimension (thickness) (Fig. 6) and to obtain direct measure-
ments of bone in the prospective implant site(s).”” CBCT and
conventional CT are the best modalities to evaluate patients for
dental implants, although they are not needed in every patient
and often reserved for more complex cases. A growing number
of dental clinicians are acquiring in-suite CBCT scanners to
accelerate diagnosis and preparation.

Multidetector thin-section CT and reformatting software
programs have greatly facilitated dental implantology.”'**

Commercially available interactive CT programs, such as Sim-
Plant (Materialise, Leuven, Belgium), allow one to simulate
implants on the CT image and permit preoperative planning
that allow dentists to select the ideal location, trajectory, and size
of the implant before surgery. Equally important is that they
permit analysis of bone density, bone volume, distance to vital
structures, and the location of areas that may require bone
augmentation. These CT software packages also help the patient
envision his or her own bone (or lack thereof), bolstering
commitment to the treatment planning process. An educated
patient takes on therapeutic responsibility along with the dental
team, which makes for more reasonable goal expectations.
Surgical guides that expedite accurate implant placement may
also be created through the use of this imaging via 3-D printing
technology. These surgical guides may be constructed simply
using the images and virtual planning software. However, in
challenging it is preferable for the patient to wear a customized,
laboratory-manufactured scanning appliance that will show up
on the images and demonstrate the ideal final tooth positioning,
The appliance is made using impressions of the jaw and cast
fabrication. In either case, final tooth positioning can be
determined and a surgical guide made. Currently, only third-
party providers offer 3-D printing; however, in-office fabrica-
tion of models and guides are very close to realization.
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Figure 7 Bony resorption and atrophy. (A) Cross-sectional CT images of the mandible in this patient demonstrate atrophy of
the height of the mandible, causing the mandibular canal (black arrow) to sit immediately beneath the gingival surface. The
dotted white line in the center image shows how the bone contour should normally appear. (B) In a different patient, the
width of the mandible is considerably diminished from atrophy. The dotted white line again shows how the bone should
normally appear. (Reprinted with permission from Abrahams and Kalyanpur.'”)

After surgery, periapical radiographs, panoramic radio-
graphs, and CT images can be used to evaluate the adequacy
of implants. Peri-implantitis refers to lack of osseointegration
along the implant-bone interface, often due to infection around
the fixture” or micromotion. This is apparent on periapical
radiographs as a radiolucent rim around the implant fixture
and loss of crestal bone at the implant site (saucerization),
suggesting failure. The greatest degree of peri-implant vertical
bone loss occurs within the first year after placement of the
implants.”* Severe bone loss may even result in complete
rejection of the dental implant.

.

Augmentation Procedures of the
Jaw

Patients must have sufficient bone in the maxilla or mandible
to support implants. Most surgeons prefer to place implants in
bone that measures at least 3 mm in width and 10 mm in
height. The width criterion is based on the tooth to be replaced
(smaller diameter for smaller teeth), and the length criterion is
based on older investigations that showed improved longevity
with at least 10-mm tall fixtures. Newer meta-analyses show
that rough-surfaced short implants (no longer than 10 mm but

Figure 8 llustration of sinus lift procedure. (A) A rectangular osteotomy is made in the lateral antral wall of the maxillary
sinus. Closely positioned holes are drilled, which are then fractured inwards to create a trapdoor. (B) Cross-sectional
(lateral) view of the maxillary sinus shows space that is created by pushing the trapdoor inward and maxillary sinus
membrane. (C) The space is packed with bone graft material. (D) Cross-sectional (lateral) view shows bone graft material

filling the space created by the osteotomy. (Reprinted with permission from Abrahams and Berger.

22)
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at least 6 mm) may be as successful as their taller counterparts
when applied in cases with missing single teeth.”” " Unfortu-
nately, after being edentulous for a long time, the bony alveolar
ridge resorbs and becomes atrophic, often leaving insufficient
bone to support metallic implants (Fig. 7). Fortunately, several
surgical options have been developed to increase the amount of
alveolar bone and render such patients suitable for dental
implants.”’

Sinus Lift Procedure

The lateral wall sinus elevation procedure (subantral augmen-
tation or sinus lift), developed in the mid-1970s, involves
placing bone-graft material in the maxillary sinus under the
Schneiderian membrane to increase the height and width of
the maxillary alveolus (Fig. 8).”*” This common procedure,
performed in the dentist's office, begins with the creation of a
mucoperiosteal flap along the anterior wall of the maxillary
sinus, similar to the Caldwell-Luc approach. A rectangular
osteotomy is then made in the lateral antral wall of the
maxillary sinus 3-4 mm above the floor of the sinus. Drilling
closely positioned holes forms the superior horizontal segment

that is carefully fractured inwards to form a trapdoor. Special
care is taken to prevent tears in the Schneiderian membrane.
The membrane at the inferior aspect of the osteotomy is then
dissected and elevated upwards to create a space for bone-graft
material. Bone-graft material can be of several types,”” includ-
ing autogenous bone from the iliac crest or maxillary tuber-
osity, mineralized freeze-dried bone allograft (FDBA),
demineralized FDBA (DFDBA), xenograft (bovine in partic-
ular), and alloplast such as hydroxyapatite. An absorbable
membrane placed over the bony window prevents ingress of
epithelium and helps contain the graft material, after which the
mucoperiosteal flap is repositioned and sutured closed. At least
6 months is required for healing to take place before placing
dental implants.

An alternative to lateral wall sinus lift is an osteotome-
mediated sinus lift elevation.”® In this technique, the site for the
maxillary implant is drilled and stopped just short of the floor
of the maxillary sinus. An osteotome, a mallet-like device, is
then used to create an in-fracture of the osseous floor of the
maxillary sinus. Bone graft is then pushed into the site,
displacing the detached part of the sinus bony floor and
overlying Schneiderian membrane. After the desired amount of

Figure 9 Radiographic appearance of sinus lift procedure. (A) Panoramic radiographs obtained before (top) and after
(bottom) sinus lift procedure to treat alveolar atrophy. In the bottom image, note the position of the graft adjacent to the
alveolar ridge in the caudal aspect of the maxillary sinus. (B-D) Axial CT images through the maxillary antrum demonstrate
irregular dense masses in the center of the sinus, surrounded by soft tissue density between the graft and wall of the sinus in
(B and Q). Also note slight concavity at the osteotomy site in (B). (Reprinted with permission from Abrahams.’")
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Figure 10 Sinus lift postoperative infection. Coronal CT scan demon-
strates bilateral osteotomies (black arrows). There is complete opaci-
fication of the left maxillary sinus (white arrow). Note that bone graft
material is diffusely dispersed on the left (black arrowheads) and absent
on the right. (Reprinted with permission from Abrahams et al.””)

elevation is achieved, as determined by periapical radiographs,
the implant is torqued in. On axial CT images, the graft
material from the lateral wall sinus lift procedure appears as
irregular masses of high-density material similar to bone in the
inferior half of the maxillary sinus, typically in the center of the
sinus (Fig. 9). Zones of soft tissue and air density may surround
high-density bone graft material. On panoramic and oblique
sagittal CT images, the bone grafts are contiguous with and
often indistinguishable from the floor of the sinus. The
osteotomy may be seen on oblique sagittal views as a small
area where bone graft material bulges slightly anteriorly
through a defect in the wall of the sinus. Radiologists should
be familiar with the appearance of the sinus lift procedure to
avoid its confusion with pathologic entities such as osteomas,
fibrous dysplasia, and odontomas. Although the outcome of
the sinus lift procedure is generally good, failure may result
from infection, which presents radiographically as markedly
increased soft tissue density in the sinus and dissipation of the
graft (Fig. 10). Failure may also result from lack of integration
of the graft into the alveolar remnant.”’

Onlay Bone Grafting

Bone grafts harvested from the mandibular symphysis, man-
dibular ramus, maxillary tuberosity, or in extreme cases, iliac
crest, may be used to augment severely atrophic alveolar
bone.”® Grafts are held in place with screws, or less often, wire
sutures, and at times, may be supplemented with other graft
materials, such as freeze-dried bone material. The radiographic
appearance of these bone grafts varies according to the location
of the graft and how closely they are apposed to the alveolar
bone, although surgical wires or screws may outline the
margins of the graft (Fig. 11). Cancellous instead of cortical
bone makes distinguishing between the graft and alveolar ridge
more difficult. Furthermore, considerable space between the
graft and the alveolar ridge raises concern for poor apposition
during surgery or migration after surgery.

Guided Bone Regeneration

When a tooth is lost, the normal pressure on the bone and
surrounding tissues from the opposing tooth is also lost. As a
result, the underlying alveolar bone or soft tissue atrophies and
resorbs, creating a situation where there may be insufficient
bone for implants. These and other patients may benefit from
guided bone regeneration (GBR). Basically, GBR works by
creating a potential space into which bone graft material is
placed to encourage bony regeneration (Fig. 12). In cases with
greater osseous deficits, the procedure is performed before the
placement of implants and allowed to heal for approximately
6 months; in cases of minor bone loss, the implant can be
placed at the time of the augmentation. This technique may
also be used for the treatment of periodontal pockets (Chap-
ter 5, Fig. 5). CT scan software with 3-D imaging helps the
dental professional to identify alveolar morphology and
determine the area where GBR is needed (Fig. 13 E and F).
GBR encourages regeneration in 2 ways: (1) by streamlining
the migration of osteo-promotive cells into a clinically created

Figure 11 Onlay bone grafting. (A) Preoperative (panoramic) and (C) (cross-sectional) CT images in an edentulous patient
demonstrate atrophy of the alveolar ridge, precluding placement of dental implants. (B) Postoperative panoramic CT image
shows the atrophic alveolar ridge of the maxilla augmented by an iliac crest onlay bone graft (black arrowheads). Wire
sutures are seen holding the graft in place (white arrows). (D) Postoperative cross-sectional CT image demonstrates that
bone graft material has increased the height and width of the alveolus (white arrows). (Reprinted with permission from

Abrahams.’")
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Figure 12 Tllustration of guided regeneration using expanded polytetrafluoroethylene (ePTFE) membrane and bone graft
material to augment an atrophic alveolar ridge. (A) Through an incision in the gingiva and periosteum, a soft tissue flap is
created. (B) The soft tissue flap is reflected back (long arrows) to expose the atrophic alveolar ridge (short arrows). (C) Bone
graft material is placed in the atrophic area (curved arrow) and is covered by a titanium-reinforced ePTFE membrane (short
arrows). (D) The soft tissue flap is closed over the membrane and the graft is allowed to heal. The nonabsorbable ePTFE
barrier will be removed during a separate surgery. Note that the width of the alveolus is restored (black and white arrows).

(Reprinted with permission from Abrahams.*")

space during wound healing; the space eventually fills in with
host bone and becomes the anticipated expanded ridge and
(2) by creating a bone-stimulating milieu within the con-
structed space.”” An exclusionary membrane acts as a barrier to
undesired cell types, such as fast-migrating epithelium, thus
enabling bone progenitors to thrive within the created space.
These membranes may be nonabsorbable (eg, expanded
polytetrafluoroethylene) or bioabsorbable (eg, natural materi-
als, including collagen, acellular dermal matrix, pericardium,
laminar bone, fascia lata, dura mater, or synthetic substances
such as polymers and calcium sulfate). Bioabsorbable mem-
branes require no retrieval after healing, which is attractive
in situations that do not normally warrant a second surgery,
and hence, are most frequently used in straightforward GBR
cases. The most prevalent and well-studied absorbable
barriers are made from either bovine or porcine cross-linked
collagen.™ To prompt the development of bone, the potential
space bounded by the barrier is filled with exogenous bone
graft material, either alone, or in conjunction with bioactive
agents that encourage bone growth, such as growth hormone.
Adjunctive use of bioactive agents (bone morphogenetic

protein-2, platelet-derived growth factor, plasma rich in
growth factors that contains higher concentrations of
platelet-derived growth factor, and transforming growth fac-
tor-beta), in theory, fuels osteogenesis or angiogenesis and
shows promise in hastening initial healing, although lacks
supporting long-term clinical evidence. ™" **

Particulate allograft is osteo-inductive, readily obtainable,
and, in the FDBA, slower-resorbing, and thus, better at
maintaining the constructed space, which is appealing in the
correction of larger deficiencies.*’ For these reasons, allograft
and xenograft (osteo-conductive and typically bovine) are the
most commonly employed and thoroughly investigated mate-
rials in GBR.

The general surgical steps of GBR are shown in Figure 13; a
patient who required implants owing to congenitally missing
tooth #7 (maxillary right lateral incisor) and tooth #12
(maxillary first left premolar). As a result, he first required
orthodontics to create space for the implants and then GBR to
augment the atrophic alveolar ridge. The GBR portion of his
treatment starts by reflecting back a full-thickness flap (mucosa
and periosteum) to expose the area of concern (Fig. 13G).
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Figure 13 A male patient presented with congenitally absent teeth #7 and #12, requiring orthodontics, bone augmentation,
and implants. (A) Photograph shows congenitally absent teeth #7 and #12 (7, 12). Remaining teeth migrated toward
missing teeth to fill gaps, creating additional space between central incisors (black arrow). (B) Radiograph on right at tooth
#7 demonstrates insufficient room between teeth for implant placement (7) secondary to migration of teeth. Tooth #12
was similar but is not shown. (C and D) Photograph and radiograph after orthodontic treatment now demonstrate
sufficient space between teeth for implants (white arrow). Compare with (A) and (B) above. (E) A 3-D reconstruction image
from CT-based interactive presurgical planning system (SimPlant) demonstrates inadequate bony coverage of simulated
dental implants in tooth locations #7 and #12 (white arrows). (F) Cross-sectional view with simulated implant
demonstrates inadequate thickness of maxillary bone to support implant at tooth #7 and identifies region on buccal aspect
for potential bone grafting (white arrows). Ridge augmentation to increase bone in facial aspect of maxillary alveolar ridge.
(G) Mucosal and periosteal flap is reflected back (short white arrows) to expose bone and identify site for augmentation in
facial aspect of alveolar ridge (black arrows). Tenting screw (long white arrows). Note the metal probe measuring depth of
bone defect (bold arrow). (H) Holes are drilled to create bleeding bone (small arrows). Tenting screw (large arrow).
(D Bone graft material (arrows) covering defect and tenting screw. (J) Pericardial membrane (white arrows) placed over
bone graft and tenting screw. (K) Soft tissue flap is pulled over membrane and sutured closed. (L) Final postoperative
radiographs demonstrate placement of implants (without prosthesis). (M) Prostheses attached to implants, resulting in
restoration of cosmesis.
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Fixation devices (nonabsorbable or absorbable screws or pins)
may be inserted into the bone to prop up the membrane and
fortify creation of the regenerative space. Note that in this
patient there is a concavity or defect in the facial aspect of the
alveolar ridge (Fig. 13G). A screw is thus placed into the fundus
of the concavity with a portion of the screw sticking out of the
bone (Fig. 13G and H). A membrane is then placed over this
region, with the screw keeping the membrane away from the
bone, and therefore, creating a potential space (Fig. 13]). The
screw is thus referred to as a “tenting” screw. Indeed, the dental
implant itself may act as a fixation device in cases of vertical
deficiency. After debridement, if the bone does not automati-
cally bleed, holes are drilled through the cortex to produce
bleeding bone (Fig. 13H). This is felt to expose the area to
growth factors from the cancellous bone that can facilitate
bone regeneration and trigger a regional acceleratory phenom-
enon.”" Before the placement of the membrane, parti-
culate bone material (typically either allograft or xenograft,
but possibly autograft, or combination thereof) is contoured to
fill the defect (Fig. 13D). A bioactive agent may be mixed into
the bone graft material before placement. Larger defects may
call for a stiffer, self-bracing nonabsorbable membrane, or
alternately, an absorbable membrane in conjunction with
fixation screws or pins. Tacks may be used at the edges of
the membrane to prevent drifting and to help contain the
particulate bone matter. The incision (gingival and periosteal
flap) is then closed over the membrane, tenting screw, and
bone graft (Fig. 13K) and allowed to heal for a period of at least
3 months for minor regenerative cases and for at least 6 months
for larger grafts. After the healing period, surgery for implant
placement commences. Radiographically, it is often not
possible to distinguish fully healed bone constructed through
GBR from the native alveolar arch.

Some patients will require multiple different procedures to
eventually be restored with dental implants. This was true of
the patient in Figure 13. Because of the congenitally missing
teeth, the other teeth migrated toward the gaps created by the
missing teeth, resulting in an additional, less-cosmetically
pleasing space between the central incisors (Fig. 13A). Fur-
thermore, because the spaces in the location of the congenitally
absent teeth were diminished, there was not enough room to
accommodate implants (Fig. 13B). Therefore, orthodontics
was first required for 18 months to close the gap between the
central incisors and create adequate space for implant place-
ment (Fig. 13C and D). Next, a CT scan was performed to
accurately determine adequacy of alveolar bone for implants.
Using SimPlant (Materialise, Leuven, Belgium), simulated
implants were superimposed on the images to determine the
ideal implant angulation and highlight areas where bone
augmentation would be required (Fig. 13E and F). One can
determine from the images that the long-term absence of
teeth in these locations resulted in bone atrophy and resorp-
tion, thus significantly diminishing the amount of bone in the
buccolingual dimension (thickness). After successful GBR,
root-form implants were inserted in a separate surgery
(Fig. 131) and eventually restored with dental prostheses.
One can appreciate the marked improvement by comparing
Figure 13A with M.

Conclusions

Dental implants restore function and cosmesis to edentulous
patients, and as such, are the standard of care in tooth
replacement in most cases today, with dentures and bridges
used less frequently. Imaging is a key component in the
evaluation of a patient for dental implants, and advances in CT
technology and software have increased the success of dental
implant surgery. Radiologists should be familiar with the
practical considerations in the workup of a dental implant
patient, including the varied radiographic appearances of
dental implants, findings related to implant failure, as well as
augmentation procedures used to increase alveolar bone in the
maxilla and mandible.
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Dental implants have increased in the last few decades thus increasing the number of
complications. Since many of these complications are easily diagnosed on postsurgical
images, it is important for radiologists to be familiar with them and to be able to recognize and
diagnose them. Radiologists should also have a basic understanding of their treatment. In a
pictorial fashion, this article will present the basic complications of dental implants which we
have divided into three general categories: biomechanical overload, infection or inflammation,
and other causes. Examples of implant fracture, loosening, infection, inflammation from
subgingival cement, failure of bone and soft tissue preservation, injury to surround structures,
and other complications will be discussed as well as their common imaging appearances and
treatment. Lastly, we will review pertinent dental anatomy and important structures that are
vital for radiologists to evaluate in postoperative oral cavity imaging.

Semin Ultrasound CT MRI 36:427-433 © 2015 Elsevier Inc. All rights reserved.

he dental implant procedure often requires the involve-

ment of several different dental professionals. For
example, the general dentist may refer the patient to a
periodontist for implant evaluation and placement. In some
cases, this could result in a determination that orthodontics
would first be required to create sufficient space for the
implant and prosthesis and that a bone augmentation
procedure or bone grafting procedure would also first be
required to establish sufficient bone for the implant. Of
course, there may also be teeth that need to be extracted.
Thus, an oral surgeon could also become involved. At the
end, a restorative dentist who deals with the actual
prosthesis is typically involved. Therefore, for a successful
outcome, a close-knit dental team that communicates and
works well together is vital. For example, what if a patient
uses his friend, “the oral surgeon” to have the teeth
extracted? The oral surgeon, who is not working with
the implant team, may simply extract the teeth without
any concern to preserving the surrounding bone and
tissue. When the patient later presents for implant place-
ment, it may be determined that the failure to preserve
tissue at the time of tooth extraction resulted in insuffi-
cient bone for implants, thus requiring the patient to
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undergo additional augmentation surgery before implan-
tation. Having a close-knit implant team that works well
together is therefore the first step in avoiding additional
surgery and complications. Even in the best of hands,
however, complications do occur and it is important for
radiologists to be familiar with these complications. We
have divided them into those caused by “Biomechanical
Overload,” those caused by “Infection or Inflammation,”
and those from “Other Causes.”

Biomechanical Overload

Biomechanical overloading may result from poor implant
angulation or position, inadequate posterior support (e,
missing posterior teeth), inadequate surrounding bone, or
parafunctional habits like bruxism (teeth grinding)."

Overloading manifests either by loosening or by fracture of an
implant component. Loosening can occur (1) if the cement
holding the prosthesis to the abutment fails, (2) if the prosthesis
screw or abutment screw loosens, or (3) if there is actual
osseointegration failure of the implant fixture itself. Implant
fractures can involve (1) the actual implant fixture itself, (2) the
abutment screw, or (3) the prosthesis screw (for illustration of
implant components see Fig. 2, by Zohrabian et al”).

Mobility of the implant fixture itself most often results from
fracture of the implant, lack of osseointegration, or even
infection or inflammation causing loss of bone support.””

Many of these complications such as loosening of screws or
cement are simply diagnosed in the dentist's office; however,
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Figure 1 Radiograph of a patient with 3 implants. (A) Note the transverse fracture through middle implant (arrow). (B) Drill
with trephine used to remove remaining portion of fractured implant. (C) Trephine over retained implant fragment.
(D) Removed implant fragment (arrows). (E) Hole in bone after removal of implant fragment. (Color version of figure is
available online.)

radiologists can play an important role related to diagnosing
fractures, infection or inflammation, osseointegration failure,
injury to surrounding structures, etc.

Implant Fracture

Fractures are a common occurrence secondary to biomechan-
ical overloading. Bone resorption around an implant may
contribute to implant fracture by decreasing the amount of
supporting bone surrounding the implant and thus placing
undue stress on the implant itself. Often the fracture line is
detected on radiographs or computed tomography (CT) as a
radiolucent line through the dense implant (Fig. 1A).” The
treatment of a fractured implant first requires complete
removal of the implant. How does one, however, remove the
portion of the fractured implant that remains imbedded in the
bone? A special surgical microdrill that has a trephine attached
to it is used (Fig. 1B). The trephine, which is hollow, fits over
the retained implant fragment and drills around the periphery,
allowing its removal (Fig. 1C-E). Once the implant is removed,
it may simply be replaced with another wider and longer one;
however, if there is significant bone loss or resorption of

bone, a bone graft or augmentation procedure may first be
required.

Loosening

Ossointegration Failure

In addition to implant fracture, poor osseointegration (failure
of bone cells to grow and integrate with the implant) can also
lead to movement of the implant fixture itself.* Radiograph-
ically, there is often a radiolucent area surrounding the implant
(Fig. 2). These cases would need to be clinically evaluated for
underlying issues such as infection; however, the cause of the
osseointegration failure is often not determined.

A matural tooth toot is attached to the bone via the
periodontal ligament, allowing for slight mobility of the tooth,
but a successful implant is fused to the bone and has no
mobility. Successful implants are also stable and totally
asymptomatic. In fact, patients are often unaware of where
their implant is. The predictability of implant success is very
high and most (>90%) implants successfully integrate with
the bone. The true test for successful integration is when a
measured force, or a torque test, is applied to the implant and
results in no mobility.
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Figure 2 Patient with implant failure and bone resorption. * Identifies the same implant in (A)-(D). (A) Radiograph
demonstrates bone resorption (arrows). (B) At surgery, note bone resorption around implant (arrows). (C) Defect has been
packed with bone graft material (arrows). Periosteum and mucosa would next be sutured and closed over bone graft.
(D) After the period of healing this radiograph demonstrates that bone has regenerated around the implant (arrows) and has
filled the defect that was noted in (A). Compare (A) and (D). (Color version of figure is available online.)

An implant that presents with even the slightest mobility is
considered a failed implant and complication even if not
symptomatic. The cause of this osseointegration failure is often
not known, but some believe it is related to micromotion
during the healing phase. The process of osseointegration
(bone fusing with the implant) is an “all or nothing” phenom-
enon.” This may be analogous to fixation of a long bone
fracture where the pieces are held immobile with a cast and the
bone fuses. If the pieces of healing bone have a micromotion, it
allows a layer of scar tissue to form, causing a nonunion.
Micromotion of the healing implant produces the same non-
integration and leads to a failed implant. As a result, implants
are frequently allowed to heal for up to 12 weeks before
placement of the actual prosthesis.” Despite this, implants at
times are placed and immediately restored with a crown and
without a healing phase, often referred to as “teeth in a day.”
Some initial force on the implant can actually increase the bone
to implant contact, although too much leads to a failed
implant. When considering immediate restoration, the patient
population must be carefully selected.

Treatment of implant failure may vary. Generally, if there is
implant fixture loosening, the implant requires removal
followed by replacement with a larger implant (if sufficient
bone remains) or by packing the defect with bone graft material
followed by reimplantation. When failing implants are owing
to infection or other causes, attempts can be made to save the
implant by treating with antibiotics and surgically packing any
bone defects with bone graft material or freeze-dried bone

(Fig. 2B and O). This would often fill the bony defect, recover
the bone loss, and allow adequate fixation of the implant.
Radiographically, the regenerated bone appears as normal
bone where a radiographic lucency previously existed
(Fig. 2D).

Cement Failure and Abutment Screw Loosening

Cement failure and abutment screw loosening commonly
affect the prosthesis attachment and this is relatively easily
remedied by recementing the prosthesis to the implant or by
tightening or replacing the abutment screw. Occasionally the
abutment screw may actually fracture and require replacement.

Infection or Inflammation

Infection

Good dental hygiene is important for preservation of the
implant. Failure to do so can lead to microbial buildup and an
infection around the implant.” Patients present with redness,
induration, and painful inflammation of the gingiva surround-
ing the implant. When an infection occurs, it frequently causes
erosion and resorption of the bone surrounding the implant.
Radiographically, this complication appears as perihardware
radiolucency (Fig. 3). It is important to relay this finding to the
referring clinician because early intervention can often save the
implant. Treatment depends on the degree and extent of
the infection. If advanced, the implant may have to be surgically
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Figure 3 Axial (A) and oblique sagittal CT (B) shows infection resulting in bone resorption and perihardware radiolucency

(arrows).

removed and the defect curettaged and packed with bone graft
material with anticipation of replacing the implant when healed.
Antibiotics are often required. If the infection is less advanced,
the patient is placed on antibiotics to get the infection under
control. The defect created by the bone resorption can then be
surgically packed with bone graft material with the hope of
regenerating the lost bone and saving the implant. Bone
regenerating procedures are discussed in greater detail by
Zohrabian et al.””

Subgingival Cement

Once the implant has successfully integrated into the bone, it is
restored by placing a prosthesis (crown) on it. This is typically
cemented to the implant but occasionally screwed to it. When
cemented, excess cement can be forced subgingivally. Cement
is toxic to the tissue and elicits a foreign body reaction. This
reaction can be immediate or more delayed and presents with
focal gingival inflammation, erythema, and some discomfort
(Fig. 4A).” Most, but not all, cements are radiopaque. Radio-
graphs can reveal excess cement on the mesial and distal
aspects of the implant (Fig. 4B). However, if the excess cement
is on the buccal or lingual aspects, it is often obscured by the
overlying dense metallic implant. There have been reports of
symptoms occurring from subgingival cement not manifesting
themselves for years after the initial cementation. Initial treat-
ment requires removal of the excess cement. It may simply be

removed with a curette (Fig. 4C), but often a soft tissue flap is
required to visualize the damage and more thoroughly remove
the cement The reaction to the excess cement can also cause
resorption of bone around the implant. In this case, a flap is
necessary to debride the inflamed tissue and attempt to
regenerate the bone around the implant. Regeneration of bone
vertically is not predictable with the implant in place. An
implant can survive with some loss of bone. However,
excessive loss would require removal of the implant, grafting
the site with freeze-dried bone or other grafting material, and
often placing a membrane under the soft tissues and over the
bone graft to contain it during a 4-6-month healing period.
Once the bone has regenerated, a new implant can be placed.”

Other Causes

Bone and Soft Tissue Preservation

The loss of a tooth or teeth is tragic but not uncommon. When
this occurs, it triggers a cascade of events that can further
compound the tragedy. First, following an extraction or loss of
a tooth the alveolar bone and soft tissue would predictably
undergo atrophy and shrink both in height and width from
disuse.” Edentulous areas no longer have the normal vertical
pressure on the underlying bone and tissue from apposing
teeth. As a result, the bone undergoes atrophy and resorption,
contributing to diminished height and thickness of the alveolar

Figure 4 (A) Photo of a patient with subgingival cement causing inflammation (arrows) in area of restored implant (¥).
(B) Radiograph reveals radiopaque cement on distal aspect of implant (arrow). (C) Photograph demonstrates removal of the
cement (arrows). (Color version of figure is available online.)
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Figure 5 (A) Radiograph demonstrates normal thin anterior cortical plate (arrows), which should be preserved to allow
healing socket to be filled with bone. (B) Sagittal CT demonstrates failure to preserve anterior cortical plate at the time of
tooth extraction (arrows), limiting available bone for implant. (Color version of figure is available online.)

bone over time. The amount of bone in the alveolar ridge is
therefore variable and preoperative imaging may be important
to determine whether sufficient bone exists for implants. If it is
not, a number of augmentation procedures are available that
can increase the amount of bone and make implantation
possible. These include procedures such as the sinus lift
procedure, guided bone regeneration, hydroxyapatite aug-
mentation, bone grafts, etc.” which are discussed further by
Zohrabian et al.”” Patients who are completely edentulous

undergo a significant amount of bone resorption over their
lifetime. This can be so severe that they can no longer wear
dentures, especially in the mandibular arch. Also, the facial
(anterior) bone around teeth is thin, especially in the maxillary
anterior region, and that bone can often be lost, leading to
increased shrinkage (Fig. 5A).

The use of dental implants, however, has addressed these
problems by helping arrest tissue loss by restoring the normal
stresses on the bone and by restoring the esthetic look and

Figure 6 (A) Temporary flapper worn during implant healing and before restoration with prosthesis. (B) Note that the
flapper has preserved normal papilla (arrows). (C) Flapper has been removed and implant restored with right central
incisor prosthesis (*). Note normal preservation of papilla (arrows). (D) A different patient with restored right central
incisor implant (*) and atrophy of papilla (arrows) secondary to poor-fitting flapper and lack of continual use. (Color

version of figure is available online.)
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Figure 7 Sagittal cross-sectional CT reformatted images demonstrate normal mandibular canal (arrows), which appears as a
round radiolucency with a denser peripheral cortical margin.

function of the missing tooth. Implants are thus the best
replacement for missing teeth.” As a single tooth replacement,
an implant is free standing, not attached to adjacent teeth, and
much easier to maintain by the patient. For patients who have
lost multiple teeth or all their teeth, implants can provide
support for a stable, healthy, and esthetic dentition that is not
removable. Perhaps the most important aspect of implants is
that they can restore a quality of life.

In preparation for dental implants, failing teeth have to be
extracted first. In doing so, it is paramount that the surgeon
preserves any residual bone and soft tissue to help ensure
successful implantation and cosmetics. In addition, at the time
of extraction some patients may benefit from grafting the site of
the extracted tooth with freeze-dried bone or other grafting
material to help maintain and assure preservation of bone. This
should be followed by implant placement in a timely manner,
4-6 months after extraction.” If the tooth is not timely replaced
with an implant, the bone resorption continues until it is
replaced. Lastly, if the tooth is not replaced, the adjacent teeth
gradually drifts into the void or space created by the extracted
or lost tooth, thus diminishing the space, often to the point
where an implant and prosthesis would no longer fit. When
this occurs, orthodontics may then first be required to regain
sufficient room for an implant.

As the “front” teeth in the maxillary anterior region
are exposed during one's smile, they must be esthetic as well
as functional. Loss of 1 mm of tissue in height or width can
result in a cosmetically unacceptable result. During tooth
extraction, if there is traumatic loss of bone in this region, the
alveolar ridge may not have adequate underlying bone to
accept the implant. This is often seen in the maxilla, where the
facial cortical plate can be destroyed during the tooth

extractions (Fig. 5). Preservation of bone and soft tissue at
the time of extraction is preferable to attempts for resurrection
afterward. Once resorption of bone and tissue occurs, it can
require multiple reconstructive surgeries to attain favorable
esthetics.

Similarly, soft tissue preservation is another important factor
that is necessary for good cosmetic results. Specifically, during

Figure8 Sagittal reformatted CT image demonstrates mandibular canal
violated (arrow) by poorly placed implant (¥).
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the fixture healing phase, the gingival papilla or the triangular
soft tissue that extends between each tooth at the gum line
needs to be maintained so a space does not appear between the
teeth (Fig. 6). This soft tissue can undergo atrophy after tooth
extraction.” Therefore, a flipper, which is a specially designed
artificial tooth, can be used to maintain the confines of the
removed tooth. The patient typically wears this temporary
removable prosthesis until the implants have integrated with
the bone and the final prosthesis is complete. This can take
several months. The flipper can be designed to preserve the
papilla but one that is poorly designed or not continually used
can cause the papilla to shrink, or be lost entirely, resulting in
poor cosmetics (Fig. 6).

Injury to Surrounding Structures

There are surrounding vital structures including the mandib-
ular canal (neurovascular bundle), maxillary sinus, nasal cavity,
and incisive foramen that can be injured during dental implant
surgery. The radiologist must be cognizant of these areas on
pre- and postoperative images and this anatomy is further

detailed by Zohrabian et al.
The neurovascular bundle enters the mandibular canal (also

called inferior alveolar canal) from the lingual surface of the
ramus via the mandibular foramen.” From here it travels
through the mandible to exit the body of the mandible slightly
distal to the midline on the buccal surface via the mental
foramen (Fig. 1A, by Zohrabian et al'’). Before surgical
placement of an implant, the mandibular canal must be
localized. This way, during surgery, care is taken to carefully
preserve the canal and underlying neurovascular bundle and
make sure that there is no direct damage to the canal. On
sagittal cross-sectional CT reformatted images, the canal
appears as a round radiolucency with a denser peripheral
cortical margin (Fig. 7). If care is not taken, the canal can be
violated during implant surgery, resulting in facial paresthesias
or other neurosensory disturbances such as pain (Fig. 8)."'
CT DentaScans or similar reformatting programs and cone-
beam CT provide accurate preoperative measurements from
the top of the alveolar ridge to the top of the mandibular canal
as well as the thickness of the alveolar ridge and can thus
determine if sufficient bone exists above the mandibular canal
to safely accommodate implants. The imaging report should
include measurements from the top of the canal to the top of
the alveolar ridge in the edentulous regions as well as

measurements of the width of the bone. Imaging can also help
the dentist select the appropriate length and width of the
implant preoperatively. Panorex images provide a rough
estimate of the amount of bone above the mandibular canal,
but they do not provide accurate measurements and any
information regarding the thickness of the alveolar ridge.”

The maxillary sinus and nasal cavity can also be violated
during the surgical placement of implants. Violation of the
maxillary sinus can lead to infection or oroantral fistulas
(abnormal communication between oral cavity and maxillary
sinus) and increase the risk of implant failure. If there is
inadvertent implant loss into the maxillary sinus, then trans-
antral endoscopic surgery is performed to remove the
foreign body.

Other Complications

Other complications related to implant surgery include
mandibular fracture, aspiration or ingestion of the implant,
hemorrhage, and devitalization of adjacent teeth.''
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The teeth are unique in that they provide a direct pathway for spread of infection into
surrounding osseous and soft tissue structures. Periodontal disease is the most common
cause of tooth loss worldwide, referring to infection of the supporting structures of the tooth,
principally the gingiva, periodontal ligament, cementum, and alveolar bone. Periapical disease
refers to an infectious or inflammatory process centered at the root apex of the tooth, usually
occurring when deep caries infect the pulp chamber and root canals. We review the
pathogenesis, clinical features, and radiographic findings (emphasis on computed tomog-

raphy) in periodontal and periapical disease.

Semin Ultrasound CT MRI 36:434-443 © 2015 Elsevier Inc. All rights reserved.

Relevant Anatomy

brief review of tooth anatomy, as described in detail in this

issue's chapter by Zohrabian et al.' (and as depicted in
Figures 4 and 5 of that chapter), is necessary to understand
periodontal and periapical disease. A tooth is divided into
2 parts: an anatomical crown projecting into the oral cavity, and
a root embedded in alveolar bone and projecting below the
gingival margin (gum line). The number of roots varies between
different teeth. A tooth is composed primarily of dentin, a
bonelike substance of intermediate radiodensity. Dentin lies
deep to hard, protective enamel overlying the crown, which is
the most radiopaque substance in the human body, and
cementum covering the root(s), which is of nearly the same
radiodensity as that of dentin. Dentin surrounds the radiolucent
pulp chamber and radiolucent root canal(s). The neurovascular
bundle enters the radiolucent apical foramen at the root apex of
a tooth and travels through the root canal(s) to enter the pulp
chamber at the center of a tooth. The lamina dura is the thin
cortical lining of the bony tooth socket. The periodontal ligament
holds a tooth in its socket by attaching to both the lamina dura
of the socket and the cementum of the root.

Periodontal Disease

Periodontal disease affects the supporting structures of the
tooth (periodontum) and is the most common cause of tooth
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loss worldwide.” In the setting of poor oral hygiene, chronic
accumulation of anaerobic bacteria—laden plaque around the
gingival margin of the tooth results in inflammation of the
gums, termed gingivitis. If the infection persists, it can travel
along the periodontal ligament, termed marginal periodontitis.
This results in resorption of bone adjacent to the sides of the
root and the formation of a periodontal pocket (Fig. 1). An
even larger abscess may form if a foreign body becomes lodged
in a periodontal pocket or if a pocket becomes occluded.
Marginal periodontitis may be localized or generalized,
depending on whether, respectively, less or more than 30%
of residual teeth in the oral cavity are affected. Conditions that
negatively affect host immunity and predispose to periodontal
disease include, but are not limited to, smoking, diabetes, and
human immunodeficiency virus. Moreover, mechanical pres-
sure on gingival tissues resulting from misaligned teeth,
suboptimal (ie, overhanging) restorations, dental anomalies
such as enamel pearls (ectopic enamel formation on the root
surface), or habitual tooth picking may also predispose to
periodontal disease.

Patients with gingivitis have easily bleeding gums because of
the hyperemia caused by the inflammatory process. Clinical
features of periodontal disease include gingival redness,
swelling, gingival recession, suppuration, and tooth hyper-
mobility. Clinically, a dentist or dental hygienist examines for
periodontal disease using a thin blunt-tipped, metallic perio-
dontal probe called a Michigan-O probe with Williams
markings at 3, 6, and 8 mm. If the periodontal ligament is
intact, the probe should not advance significantly when
inserted between the gingiva and tooth (Fig. 2A). However,
with periodontal disease, the probe advances to the depth of
the periodontal pocket (Fig. 2B). The measurement of the
pocket is made from the cementoenamel junction, or the
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Figure 1 Illustration of periodontal disease. The normal periodontal
ligament space is thin and has a constant width along the surface of the
root (short black arrows). In periodontal disease, infection of the
ligament causes erosion of adjacent alveolar bone (black arrowheads),
resulting in focal widening of the periodontal ligament space and
formation of a periodontal pocket (longer black arrow). (Adapted with
permission from Abrahams and Kalyanpur.”") (Color version of figure
is available online.)

junction between anatomical crown and root of a tooth, to the
base of a periodontal pocket. The cementoenamel junction
demarcates where the gingiva attaches to a healthy tooth and is
normally located 1-2 mm above the bony alveolar crest. Thus,
a probe can normally insert to a depth of approximately
1-3 mm, with anything beyond 3-4 mm diagnostic of a
periodontal pocket.

The radiographic evaluation of periodontal disease provides
useful information on bone levels, patterns of bone loss, root
lengths, and most importantly, length of root surrounded by
remaining alveolar bone. Radiographs may also be useful in
revealing predisposing factors, such as overhanging restora-
tions and root anomalies or malformations. The examination
typically begins with intraoral radiographs, specifically vertical
bitewings and periapical radiographs. No radiographic abnor-
mality is typically demonstrated in the early stages of gingivitis
as the inflammatory response is limited to the gums without
periodontal ligament involvement and alveolar bone loss. Early
radiographs may show loss of cortical density, blunting or
rounding of the normally sharp angle between the alveolar
crest and the lamina dura, as well as a slight loss of alveolar
crest height. The imaging hallmark of marginal periodontitis is
widening of the normally thin, radiolucent periodontal liga-
ment space adjacent to the surface of the root (Fig. 3). Chronic

periodontitis may result in reactive sclerosis of the adjacent
bone, termed condensing osteitis (Fig. 4). Widening of the
periodontal ligament space most commonly results from
periodontal infection; however, this finding is nonspecific,
and may also be seen in apical periodontitis, orthodontic
treatment, trauma, and malignancy (ie, leukemia, metastases,
and osteosarcoma). Malignancy should be considered when-
ever radiolucency is ill defined and localized to only 1 or 2
teeth, with relative preservation of the periodontal ligament
space surrounding the remainder of the dentition.

Treatment of Periodontal Disease

Regular brushing and flossing help in eliminating bacterial
buildup and plaque adherent to the tooth surfaces, and
therefore, are critical in the prevention of dental caries and
periodontal disease. When oral hygiene is insufficient, plaque
mineralizes into calculus, also known as “tartar,” and as such,
routine cleaning is no longer effective in removing these
hardened deposits. A professional cleaning by a dentist or
dental hygienist is needed to remove tartar through the use of
special tools, such as curettes.

The treatment of periodontal disease typically begins with
nonsurgical scaling and root planning, also known as perio-
dontal cleaning or “deep cleaning,” to remove bacteria-laden
plaque from deep periodontal pockets. Scaling involves
removing plaque from tooth surfaces, whereas root planning
refers to smoothening the root surfaces and removing any
infected tooth structures, although both are done at the same
time. As offending bacteria are mostly anaerobic, patients may
afterward be instructed to brush with dilute hydrogen peroxide
to prevent the deposition of dental calculus. Dilute hydrogen
peroxide can also be delivered mechanically to deep perio-
dontal pockets by patients using a water pick. Moreover,
germicidal mouthwashes and site-specific antibiotics may be
prescribed to promote further disinfection and healing.

More severe cases of periodontal disease may necessitate
gingival flap surgery to clean and reduce the size of deep
periodontal pockets. Bone grafts, soft tissue grafts, or guided
tissue regeneration, in which tissue-stimulating proteins are
used to enhance bone growth, may also be required (Fig. 5).
Minimally invasive laser-based therapy, PerioLase MVP-7, has
revolutionized gum surgery by using a 6-W, free-running Nd:
YAG laser to remove bacteria and regenerate soft tissues.

Dental Caries

Colloquially referred to as a “cavity,” dental caries is caused by
demineralization of enamel and dentin by lactic acid produced
by bacterial fermentation of carbohydrates.” Remineralization
of enamel may cause a carious lesion to regress, especially in
the presence of fluoride and acid-neutralizing saliva.” Caries
are typically diagnosed using dental radiographs, as further
discussed in this issue's chapter by Koenig"; however, they can
also be seen on computed tomography (CT), appearing as a
focal radiolucency in the opaque enamel or dentin extending
from the surface of the tooth.” Caries commonly occur at
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Figure 2 Periodontal disease. (A) Probe with millimeter markings does not advance significantly with normal intact
periodontal ligament. (B) In periodontitis, probe advances to depth of periodontal pocket. Note gingival bleeding,
commonly associated with gingivitis. (Color version of figure is available online.)

contact points between teeth, which are areas not amenable to
direct visual inspection, and therefore, they require radio-
graphs for diagnosis. They typically have a mushroom shape,
with the “stalk” representing a narrow channel through the
more peripheral enamel and the “head” representing a larger
area of demineralization within the more central dentin®
(Fig. 6). Caries can be single or multiple, and when severe,
may extend into the radiolucent pulp chamber. When this
occurs, it often renders the tooth nonvital and results in
formation of an abscess or granuloma at the toot apex. This is
further discussed in the “Periapical Disease” section. Lesions in
the anterior teeth and advanced lesions in the posterior teeth
are often more ovoid.” Carious lesions deep to dental restora-
tions, such as fillings or crowns, are difficult to visualize on CT

due to metallic streak artifact, but they can be seen in
radiographs. As cone-beam CT is able to achieve submillimeter
isotropic spatial resolution, it is more sensitive than conven-
tional multidetector CT in the detection of small caries. Sagittal
cone-beam CT images are particularly useful for visualizing
caries on occlusal surfaces.”

Periapical Disease

Severe or prolonged caries may extend through the dentin and
into the deeper pulp chamber, which contains the neuro-
vascular components of the tooth. This results in pulpal
inflammation, termed pulpitis, which can be reversible or

Figure 3 Marginal periodontitis. (A) Radiograph of mandible demonstrates vertical alveolar bone loss with widening of
periodontal ligament space adjacent to distal root of left first mandibular molar (black arrows). Compare this with the
normally thin, radiolucent periodontal ligament space (white arrows). (B) Axial CT image in the same patient demonstrates
widening of periodontal ligament space adjacent to left first mandibular molar roots (white arrows). This is in contrast with
the normal periodontal ligament space along the buccal aspect of the root (black arrows). Also demonstrated is involvement

of the furcation, or space between roots (white asterisk).
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Figure 4 Chronic periodontitis. Axial CT image demonstrates lucency
and periodontal pocket surrounding roots of left mandibular molar
(black arrows). Note cortical thickening and sclerosis in surrounding
bone (thick white arrow), compatible with reactive sclerosis (conden-
sing osteitis). Compare this with normal bone on the opposite side
(thin white arrow).

irreversible. Without treatment, the ongoing inflammatory
response increases pressure within the tooth, eventually resul-
ting in pulp necrosis and death of the tooth (devitalization), as
well as subsequent infection of the pulp chamber and root
canals. Bacteria can then travel down the tooth root via the root
canals and exit the apical foramen at the root apex to release
toxic metabolites. This establishes a localized, periapical
inflammatory infiltrate composed of neutrophils, lympho-
cytes, and macrophages, termed apical periodontitis (Fig. 7).
In the chronic state, this periapical lesion, composed of

Figure 5 Photographs illustrating treatment of first molar periodontal
pocket. (A) Soft tssue flap reflected back to expose bone and
periodontal pocket (arrows). Note resorption of bone around the
distobuccal root (white asterisk). (B) The periodontal pocket has been
curettaged, packed with bone graft material, and a Gortex membrane
(white arrows) placed between the bone graft and soft tissues to
prevent ingrowth of undesirable tissue. After 6 weeks of healing, the
suture retaining the membrane (black arrow) is clipped to allow easy
membrane removal. (Color version of figure is available online.)

Figure 6 Caries. Axial CT image demonstrates focal mushroom-shaped
lucency (white asterisk) representing demineralization or destruction
in enamel at the contact point between teeth (long arrow) and dentin
(short arrows) along the mesial surface of right first molar. Note the
normal demarcation between peripheral enamel and central dentin
(dotted curved line). Narrow “stalk” extends through enamel, whereas
“head” is seen as larger area of demineralization in dentin.

granulation tissue and inflammatory cells, represents a balance
between bacteria and host immune factors and serves to
contain the spread of infection.

Figure 7 Tllustration of periapical inflammatory disease. Dental caries
(curved black arrow) permit bacteria to enter the pulp chamber and
travel down the root canals (long black arrow) to the apical foramen
(black arrowhead), resulting in a periapical lucency (white open
arrows). (Adapted with permission from Abrahams et al.%)



V.M. Zohrahian and J.J. Abrahams

Figure 8 CT of periapical disease. (A) Reformatted panoramic image demonstrates rounded, focal lucency centered at root
apex of left lateral incisor (black arrow). Note subtle, increased zone of sclerosis (black arrowheads) compatible with
condensing osteitis from chronic infection. E, enamel; D, dentin; Pc, pulp chamber; Rc (root canal). (B) Cross-sectional
views in the same patient demonstrate relationship of periapical lucency (black arrowheads) to the buccal cortex (curved
white arrow) and lingual cortex (open white arrow). (Adapted with permission from Abrahams et al®). (C) Axial CT in a
different patient demonstrates “target sign,” with central focus of high attenuation representing root and surrounding
lucency (black arrowheads) representing periapical inflammatory disease. Note relative sclerosis of surrounding bone
compared with other areas of mandible, consistent with condensing osteitis. (Adapted with permission from Abrahams and

Berger. 2

Patients with periapical inflammatory disease may be
asymptomatic or may experience tooth pain, sensitivity, or
swelling. A periapical abscess presents with severe tooth pain,
possible elevation of the affected tooth, and sometimes,
systemic symptoms such as fever and lymphadenopathy.
The clinical examination of a patient presenting with such
symptoms involves tooth percussion, mobility, and palpation,
combined with tests of pulp vitality. Dentists use thermal or
electric pulp testing to assess the integrity of nerve fibers in the
dentine-pulp complex. A cold test involves application of a
cold stimulus to a tooth, usually in the form of ice, dry ice, or
ethyl chloride sprayed onto a cotton pledget. In electric testing,
a pulp tester is connected to a probe and delivers a pulsating
electrical stimulus to the tooth in question. Healthy, vital pulp
responds by producing a painful sensation that is not
pronounced or exaggerated, and which does not linger after
removal of the stimulus. Irreversible pulpitis and acute apical
periodontitis demonstrate a severe and prolonged painful
response, whereas chronic apical periodontitis has no response
to thermal or electric testing given that the pulp is already
necrotic.

A periapical abscess may erode through the facial or lingual
cortical plate of the mandible or maxilla to extend into the
adjacent soft tissues. These patients often present with facial
swelling, facial mass, pain, and signs of infection. The true
source of the infection often eludes radiologists, who may not
take the time to thoroughly review images in bone windows
and to carefully examine the teeth for possible periapical
radiolucencies. This is discussed in greater depth in the “Extra-
Dental Manifestations” section.

There are 3 basic types of periapical inflammatory lesions:
granuloma, cyst, and abscess. Radiographically distinguishing
among these lesions is difficult, as all of them similarly
demonstrate lucency surrounding the root apex” (Fig. SA
and B). On axial CT, lesions demonstrate a “target” appearance,
with a central focus of high attenuation representing the root
surrounded by lucency representing resorbed bone (Fig. 8C).
The size of a periapical lesion cannot be used to predict its
histology: granulomata may be large and cysts may be small. As
periapical cysts enlarge, they displace adjacent structures and
result in progressive resorption of root and alveolar bone. The
internal attenuation of granulomata and cysts on CT can also

Figure 9 Periapical cyst. (A) Axial CT image in bone window demonstrates an ovoid, expansile lucency in association with
the root apex of the left maxillary cuspid (white circle). There is cortical breakthrough along the buccal and lingual surfaces
of the left maxillary alveolus. (B) Axial CT of the same section in soft tissue window demonstrates that CT Hounsfield units
of the cyst measure soft tissue attenuation, although histopathology was consistent with a benign inflammatory cyst.
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Figure 10 Condensing osteitis. (A) Lateral radiograph demonstrates foci of sclerosis in the mandibular body (black arrows)
in the expected location of the root apices in this partially edentulous patient, compatible with condensing osteitis. (B) Axial
CT image in a different patient reveals a nonexpansile zone of increased density in the right mandible, with trabecular
preservation and without destruction of the adjacent cortex (white circle). The increased density gradually fades into

normal bone in the periphery, typical of condensing osteitis.

vary considerably (Fig. 9). Furthermore, it is no longer believed
that granulomata must demonstrate ill-defined borders
whereas cysts must have sharp borders.'” Rather, a lesion with
well-defined, sharp borders only indicates one that is long
standing. '’ Long-standing periapical cysts may occasionally
demonstrate dystrophic wall calcifications. Chronic periapical
lesions are associated with condensing osteitis (reactive
sclerosis of the adjacent bone).'' Although the sclerosis
from condensing osteitis may be extensive and very
dense, it typically gradually blends into normal bone in
the periphery (Fig. 10). Condensing osteitis can also be
seen with periodontal disease (Fig. 4). A periapical
abscess develops when a granuloma or cyst becomes
reinfected and bacteria travel through the necrotic pulp
and out of the apical foramen.

Although lucency surrounding the tooth root apex is quite
classical for apical periodontitis, odontogenic and nonodonto-
genic lesions, including, but not limited to, keratocystic
odontogenic tumor, cemento-osseous dysplasia, osteomyelitis,
osteonecrosis, leukemia, lymphoma, myeloma, and metastasis,
may rarely mimic the periapical disease.'”'®

Treatment of Periapical Disease

After confirming the diagnosis with tests of pulp vitality, the
treatment of periapical inflammatory disease involves root canal
therapy, surgery, or tooth extraction.”'” After treatment, the
periapical radiolucency often begins to fill with bone or scar
tissue over the course of several months.' "' However, it is not
unusual to see persistence of the periapical radiolucency even
after root canal therapy. For small periapical lesions and
nonvital teeth, a root canal therapy usually suffices
(Fig. 11).' Here, the dentist drills a hole in the enamel to
access the pulp chamber, after which special endodontic files
are used to remove the infection and shape the root canals. The
root canals are then sealed with a compound composed of zinc

oxide and gutta percha, a radioopaque latex material with
antimicrobial properties. Radiographically, the root canals of
treated teeth appear radiopaque rather than normally radio-
lucent. Sometimes, a metal rod (post) may be inserted into a
devitalized root canal and covered by a filling (core) for
increased support. Eventually, nonvital teeth discolor and
become brittle, necessitating placement of a prosthetic crown
as the final stage of the root canal procedure. The crown
improves cosmesis and reinforces the underlying tooth. In
order for a prosthetic crown to fit, the patient's existing crown is
filed down, or if necessary, built up using amalgam or
composite resin. Impressions of the teeth are then taken in a
material such as polyvinyl siloxane and sent to a laboratory.
Impressions are used to form an imprint, or negative mold, of
the patient's dentition so that a cast may be constructed, which
serves as a model for creation of a crown. There are many
different types of materials that may be used to fabricate crowns,
which may be metal, porcelain, or porcelain fused to metal.

Perio-Endo Lesions

Inflammatory lesions affecting both the periodontum and
pulpal (neurovascular) tissues in varying degrees are termed
“perio-endo” lesions. They occur when severe periodontal
disease extends to involve the apical foramen at the root apex,
representing the most common and direct route of commu-
nication between the periodontum and pulp chamber. Fur-
thermore, periodontal pockets can communicate with the
neurovascular bundle-containing pulp chamber by way of
accessory or lateral canals in the sides of the roots. It is
important to note that communications between the perio-
dontal ligament and nerve canals are bidirectional, such that
periapical lesions may also travel retrograde toward the gingival
margin to result in periodontal disease. Rarely, true combined
perio-endo lesions result from concomitant primary perio-
dontal and primary endodontic pathology that join together.
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Figure 11 Root canal therapy. Series of radiographs and illustrations demonstrating root canal treatment of a maxillary canine.
(A and B) Maxillary canine with a deep carious lesion and periapical lucency. (C and D) Endodontic file corresponding to
length of canal used to clean and shape canal. (E and F) Endodontic filling material placed after cleaning and shaping of
canal. (G and H) Canal system filled and post space made. (I and J) Follow-up of 1 year shows completed restoration and
healed periapical bone. (Adapted with permission from Hargreaves.'®) (Color version of figure is available online.)

On imaging, perio-endo lesions can result in a “floating in air”
appearance of the affected tooth (Fig. 12). However, primary
malignancies, such as osteosarcoma and Langerhans histiocy-
tosis, may also present with teeth floating in space.”””' The
treatment of perio-endo lesions depends on whether the
primary pathology is periodontal or endodontic. With an
advanced perio-endo lesion, extraction of the affected tooth is
often required. True combined lesions should first be treated
endodontically, with reevaluation after several months to
determine the need for periodontal therapy.

Pericoronitis

Pericoronitis refers to inflammation of the soft tissues sur-
rounding the crown of a partially erupted tooth, typically
affecting impacted mandibular third molars in young adults.
The partially erupted tooth is covered by soft tissue known as
an operculum. Bacteria and debris, either in the setting of poor
oral hygiene or trauma, may be deposited beneath an
operculum, resulting in inflammation. Patients with peri-
coronitis clinically present with severe pain and trismus.
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Figure 12 Perio-endo lesion. Sagittal CT image demonstrates combined
periodontal and periapical disease with marked resorption of maxillary
alveolar bone (short white arrows) that normally surrounds roots. This
creates a “floating-in-air” appearance of left first and second maxillary
molars (longer white arrows). Mx, maxillary sinus, M, mandible.

Radiographically, pericoronitis presents as bone loss or radio-
lucency adjacent to the crown, along with localized sclerosis in
the surrounding bone. The infection may spread into the deep
neck to involve the masticator, submandibular, parapharyng-
eal, or sublingual spaces.”” The management of acute pericor-
onitis involves pain relief and antibiotics, as needed. Definitive
treatments include operculectomy and tooth extraction. In
some cases, optimizing oral hygiene is all that is needed to treat
and prevent pericoronitis.

Extra-Dental Manifestations

The roots of maxillary teeth may normally protrude into the
adjacent maxillary sinuses. As such, a periapical abscess may
perforate through the floor of the maxillary sinus and disrupt
the mucoperiosteum (Schneiderian membrane), permitting

access of infection into the sinus and resulting in “odontogenic”
sinusitis.”** Patients with odontogenic sinusitis may com-
plain of purulent nasal discharge, cheek pain, or facial pressure,
which do not improve after antibiotic therapy. The organisms
isolated from the sinus have been shown to differ from those
isolated from odontogenic sinusitis.”* Sagittal and coronal CT
images demonstrate focal ballooning or dehiscence of the floor
of the maxillary sinus above a periapical lesion associated with
unilateral mucosal thickening or sinus opacification (Fig, 13).°
Treatment involves periodontal or root canal therapy, as well as
administration of antibiotics.”’ Less severe periapical disease
can appear radiographically as soft tissue mounds of inflam-
matory tissue surrounding the root apex and protruding into
the floor of the maxillary sinus. On axial CT images, these may
have the appearance of polyps or retention cysts, and are often
misdiagnosed.””’

An oroantral fistula, or abnormal communication between
the maxillary sinus and oral cavity, may arise from infection or
when an extraction socket fails to heal properly. The connection
between the tooth socket and maxillary sinus is lined by
epithelium, and patients may experience symptoms similar to
sinusitis. On CT, an oroantral fistula appears as a small defect in
the cortical floor of the maxillary sinus overlying an extraction
socket.”" " The ipsilateral maxillary sinus also demonstrates
fluid and mucosal thickening. The defect may be closed using
hydroxyapatite, bone graft material, or a surgical flap.

Periodontal and periapical disease may extend into the soft
tissues of the head and neck, with involvement of the
parapharyngeal, submandibular, anterior visceral, masticator,
and sublingual spaces.””'™" Although dental infection is
one of the most common sources of such infections, it is
often unnoticed by radiologists, partially because of their
unfamiliarity with this region. In all cases of facial swelling, it
is essential to view CT images in bone windows so as to identify
any offending periapical or periodontal lesions. Periapical
infections often break through the facial or lingual cortical
plates to involve the surrounding soft tissues (Fig. 14).
Periapical disease of the mandibular molars typically involves

Figure 13 Odontogenic sinusitis. (A) Axial and (B) sagittal CT images demonstrate prior root canal therapy for left maxillary
molar. Note very-high-density gutta percha filling the root canals (short white arrows), compared with normal radiolucent
root canals on the right (longer white arrows). Periapical radiolucency (black arrowhead) causes focal ballooning and
dehiscence (black arrow) of the floor of the left maxillary sinus, as well as complete opacification of left maxillary antrum

(white asterisks).
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Figure 14 CT of cortical breakthrough. (A) Axial contrast enhanced in soft tissue window demonstrates left-sided swelling
with stranding of underlying subcutaneous fat (white arrowheads). There is also a small abscess adjacent to the left
maxillary alveolus (white arrows). (B) Axial contrast-enhanced CT in bone window reveals the source of abscess and
swelling to be periapical infection and lucency (black arrow), which has broken through the facial cortical plate (black
arrowheads) to involve the surrounding soft tissues.

Figure 15 CT of abscess secondary to dental infection. (A) Axial contrast-enhanced CT in soft tissue window demonstrates a
fluid collection with rim enhancement (black arrows) in the right masticator space involving medial pterygoid muscle. Note
loss of fat planes in the region of the medial pterygoid muscle and minimal stranding (white arrowheads) in the overlying
subcutaneous fat. (B) Axial contrast-enhanced CT in bone window (more cephalad section) demonstrates a large carious
lesion in the adjacent right third molar (long white arrow), with infection resulting in small periapical lucency (short white
arrow), the source of the masticator space abscess in this patient.

Figure 16 CT of Ludwig's angina. (A) Axial contrast-enhanced CT in soft tissue window shows bilateral facial swelling with
edema and stranding of subcutaneous fat, as well as mild thickening of the right platsyma muscle (thin white arrows). Note
soft tissue gas (thicker white arrows). (B) Coronal bone window reveals the source of infection to be from periodontal (thin
black arrow) and periapical disease (black arrowhead) involving left second mandibular molar with lingual cortical
breakthrough (thick black arrow). Note the soft tissue gas (white arrowheads).
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the submandibular space first, whereas periapical disease of the
remaining teeth in the mandible initially extends into the
sublingual space.”” On CT, subtle clues to odontogenic deep
neck infection include adjacent fat stranding and thickening of
the platsyma muscle. Contrast-enhanced CT images are useful
in demonstrating rim-enhancing subperiosteal or extraosseous
abscesses (Fig. 15). Ludwig's angina is a serious, progressive
soft tissue infection of the floor of the mouth associated with
high morbidity and mortality, as well as the potential for airway
compromise’® (Fig. 16). Patients typically present with
fever, neck swelling, and difficulty swallowing or speaking,
and are treated aggressively with antibiotics, drainage, and
airway management, as needed.”®”’" Again, CT to evaluate
swelling in the face or neck should always be thoroughly
reviewed in both bone and soft tissue windows in multiple
planes to rule out an odontogenic source of infection.

Conclusions

Inflammatory diseases of the teeth and jaws are commonly
encountered in routine radiology practices, and radiologists
should be familiar with the varied manifestations of perio-
dontal and periapical disease. Advancements in CT have
allowed for remarkable delineation of internal tooth anatomy.
Furthermore, dental CT reformatting programs have addres-
sed problems of streak artifact caused by dental restorations,
improving the visualization of cortical margins and roots. Even
with enhanced imaging algorithms, periodontal and periapical
disease continues to be underappreciated by radiologists as an
important cause of head and neck pathology. Accurate
recognition of inflammatory dental lesions streamlines patient
care and allows for prompt, appropriate referral to a dentist for
clinical evaluation and treatment.
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Imaging of lesions within the maxilla and mandible is often fraught with difficulty owing to the
similarity in the imaging appearance of a diverse array of pathological processes. Principally,
lesions arise from either odontogenic sources or from primary bone lesions. The response of
the cancellous and cortical bone to pathologic insult can be expressed either through an
osteolytic or an osteoblastic response; thus the majority of lesions within the jaws can be
classified as cystic or lytic appearing, sclerotic, or a mixture of the two. This article will review
the imaging features of the most common cysts, fibro-osseous lesions, benign and malignant
neoplasms, and highlight those features key to the differential diagnosis.
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Introduction

maging of lesions within the maxilla and mandible is often

fraught with difficulty owing to the similarity in the imaging
appearance of a diverse array of pathologic processes. Princi-
pally, lesions arise from either odontogenic sources (lesions
arising from tooth forming epithelium) or primarily from bone.
The response of the cancellous and cortical bone to pathologic
insult can be expressed either through an osteolytic or an
osteoblastic response; thus, most lesions within the jaws can be
classified as cystic or lytic appearing, sclerotic, or a mixture of
the two. This article will review the imaging features of the
most common cysts, fibro-osseous lesions, benign and malig-
nant neoplasms, and highlight those features key to the
differential diagnosis.

Cystic Lesions: Cysts and Benign
Tumors

Most lesions arising within the jaws present with some form of
osseous demineralization, rarefaction, or remodeling rendering
them lytic or cystic appearing on imaging. The degree of
osseous rarefaction and remodeling will differ among
inflammatory, benign, and malignant lesions, and it is this
feature, along with location of the lesion, which allows for
differentiation.
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The most common odontogenic cyst is the radicular cyst,
which arises secondary to pulpal necrosis of a tooth following
endodontal infection or periodontitis. The resultant necrotic
cavity surrounding the root apex will undergo subsequent
epithelialization by odontogenic epithelium, the rests of
Malassez." These lesions are thus intimately associated with
the root apex of a tooth and the computed tomographic
appearance will essentially be identical to that of apical
periodontitis in endodontal disease, except that in the radicular
cyst, the lytic area is bounded by a thin sclerotic rim (Fig. 1). A
key feature to distinguish this lesion from other noninflamma-
tory cysts is the inflammatory effect on the tooth root, resulting
in resorption of the root apex.

The most common noninflammatory cyst in the jaws is the
dentigerous cyst or follicular cyst. The dentigerous cyst is a
developmental cyst that occurs as a result of cystic degener-
ation of the reduced enamel epithelium with subsequent fluid
accumulation between this epithelial layer and the crown of the
developing tooth." Hence dentigerous cysts arise from around
the crown of unerupted or impacted teeth, most frequently in
the posterior quadrants of the alveolus. The cystic fluid tends
to concentrically expand the alveolus with well-defined sharp
margins. Morphologically, the distinguishing feature of these
lesions, aside from the pericoronal presentation (around the
crown), is their tendency to displace the tooth in the opposite
direction of the cyst (Fig. 2A). On magnetic resonance imaging
(MRI) these lessions are classically T1 hypointense and
T2 hyperintense with an enhancing rim; however, the cyst
may contain cholesterol crystals or proteinaceous material,
rendering the lesions T1 hyperintense (Fig. 2B).

The association of dentigerous cysts with the dentition
complicates the differential diagnosis, as the 2 most common
benign odontogenic tumors, the keratocystic odonotogenic
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Figure 1 Radicular cyst. (A) Axial computed tomographic (CT) image with bone algorithm shows an expansile cystic mass
in the right maxillary alveolus. Note the thin, corticated rim (arrow). (B) Coronal bone CT from the same patient in
(A) shows that the cystic mass (long white arrow) is intimately associated with resorption of the root apex (short white
arrow). Endodontal infection from the restoration (black arrow) was the culprit in this case. (C) Coronal bone CT shows a
well marginated and thinly corticated cystic mass in the right mandible. Note the communication with the root apex (long
arrow) and the loss of the crown of the tooth (short arrow).

tumor (KCOT) and the Ameloblastoma, will likewise appear
cystic.

Indeed, the most common benign odontogenic tumors
involving the maxilla and mandible all share a tendency to
appear as a cystic expansile mass; importantly they all
demonstrate locally aggressive behavior and relatively high
recurrence rate if incompletely treated. The surgical manage-
ment is different depending on the tumor and therefore a finely
honed differential diagnosis is important to ensure adequate
treatment. The KCOT was formerly known as the odontogenic
keratocyst (OKC); the change in terminology reflects more
recent molecular phenotyping demonstrating overlapping
molecular profiles with other benign and malignant odonto-
genic and nonodontogenic tumors.”” KCOTs may arise any-
where within the jaws, but more frequently arise in the
posterior quadrants and have a predilection for the posterior
body, angle, and ramus of the mandible.” These lesions
originate from odontogenic epithelium (remnants of the dental
lamina) and as such will be centered within the tooth bearing
areas of the alveolus, and are often associated with unerupted
or impacted teeth. In contrast to the dentigerous cyst, however,
these lesions when larger will envelop the entire tooth. Larger
lesions will be mildly expansile, however, those in the
mandible have a tendency to enlarge along the long axis of

the body of the mandible before expanding medial laterally
(Fig. 3A). On MRI, KCOTs generally appear as a cystic mass
with a homogenous T2-hyperintense signal of the central
contents and a thin to moderately thick enhancing rim. KCOTs
may contain perakeratin or orthokeratin that will shorten the
T1, thus these lesions will appear hypointense to mildly
hyperintense on T1-weighted images. This latter feature helps
to distinguish them from other benign odontogenic tumors,
whereas the tendency to envelop the entire tooth would
distinguish it from a dentigerous cyst. KCOTs are typically
single lesions; however, there is a subset of multiple KCOTs
that occur in association with nevoid basal cell syndrome
(Gorlin-Goltz) syndrome (Fig. 3B and C). The odontogenic
lesions in nevoid basal cell syndrome often present as either
multiple KCOTs within the maxilla and or the mandible,
however, more uncommonly, there may be multiple dentig-
erous cysts or mixed combinations with KCOTs.” Extra-
alveolar extension, and in particular, extension into the orbit
from maxillary lesions or extension into the masticator space or
pterygopalatine fissure from maxillary or mandibular lesions is
important to recognize as soft tissue spillage of the viscous
contents of these lesions is notoriously difficult to extirpate
surgically. Owing to breach of the alveolus and contamination
by oral cavity flora, extra-alveolar extension of KCOTs or any

Figure 2 Dentigerous cyst. (A) Coronal bone CT shows a large cystic mass extending from around the crown and cemental-
enamel junction (CEJ, arrows) of an unerupted tooth. The tooth is displaced superiorly, whereas the leading edge of the
cyst has displaced surrounding unerupted teeth inferiorly. (B) Axial T1-weighted magnetic resonance (MR) image of a
dentigerous cyst shows a sharply marginated hyperintense cystic mass (long arrow). Compare the hyperintensity of the cyst
with the isointense (cf. muscle) signal of the associated mucosal thickening in the maxillary sinus (short arrow). CT,

computed tomographic.
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Figure 3 Keratocystic odontogenic tumor. (A) Axial bone CT shows a classic appearance of keratocystic odontogenic tumor
(KCOT). The cystic mass in the right mandible demonstrates uniform expansion along the long axis. Note the smoothly
marginated thinning of the buccal and lingual cortex (arrows) reflecting the benign but locally aggressive character of the
mass. (B) Axial bone CT of a different patient with nevoid basal cell syndrome (NBCS). The cystic mass appears similar to
the radicular cyst in Figure 1 (arrow); however, the expansion along the buccal cortex and in between the roots of adjacent
teeth (arrowheads) suggests a benign but more aggressive mass. (C) Axial bone CT in the same patient as (B). The cystic
expansile mass enveloping the developing molar is classic KCOT; this lesion combined with the maxillary lesion should

prompt consideration of NBCS. CT, computed tomographic.

other intra-alveolar neoplasm may involve a superimposed
inflammatory component, mimicking osteomyelitis and cellu-
litis; the presence of an expansile cystic mass, however, should
reveal the neoplastic etiology. Controversy remains over the
optimal treatment of KCOTs; nevertheless, most lesions are
treated using enucleation with or without peripheral ostectomy
followed by the application of a superficial chemical necrosing
and tissue fixation agent, Carnoy solution, to remove any cyst
wall epithelial remnants. Larger lesions are treated with
marginal or segmental resection. Recurrence rates range from
approximately 6%-30%,”" with recurrence rates generally
higher for enucleation.

Ameloblastomas are the second most common benign
odontogenic tumor and share a tendency for being locally
aggressive and having a relatively high recurrence rate. Like the
KCOT, Ameloblastomas arise from dental lamina and likewise
are found within the tooth bearing areas of the alveolus
similarly most prevalent in the posterior quadrants and having
a predilection for the mandible. There are a number of
histologic subtypes of ameloblastoma, with the multicystic

and unicystic follicular types most common; the less common
desmoplastic, plexiform, and acanthomatous variants are
generally indistinguishable on conventional imaging. Amelo-
blastomas are mixed cystic and solid lesions with the multi-
cystic lesions generating the more classically known “bubbly”
appearance produced by multiple intralesional septations
(Fig. 4A); with contrast administration, these septations will
typically enhance. The unicystic variants may contain a mural
nodule that likewise enhance; identification of a mural nodule
is key to differentiating this variant from the KCOT or
the dentigerous cyst (Fig. 4B). The less common subtypes
may have more aggressive appearing features, or like the
desmoplastic subtype, may appear in more anterior alveolar
locations (Fig. 4C).” On MRI, the cystic elements will be T2
hyperintense, which helps to distinguish them from other
benign mesenchymal odontogenic or malignant neoplasms.
Moreover, although these lesions will appear cystic, the
ameloblastoma is a more cellular lesion than the KCOT and
thus the solid elements will generally restrict diffusion to
a greater degree.” "

Figure 4 Ameloblastoma. (A) Axial bone CT demonstrates the multiseptated or loculated “bubbly” appearance of the
multicystic ameloblastoma. The septations are somewhat coarse and the expansion is more eccentric (arrow), rather than
along the long axis. Adapted from with permissions from Mosier K: Ameloblastoma, in Harnsberger (ed): Diagnostic
Imaging Head and Neck. Altona, Manitoba, CA, Amirysys, 2011, pp. I-15, 30. (B) Axial contrast-enhanced CT of a
unicystic ameloblatoma shows a cystic mass eccentrically expanding the buccal and lingual cortex; compare this with the
KCOT in Figure 3A. The enhancing mural nodule (arrow) is characteristic for ameloblastoma. (C) Axial bone CT of a
desmoplastic variant of ameloblastoma. The expansile lobulated and loculated mass (long arrow) is typical for
ameloblastoma; the more anterior location is less common. However, the location, aggressive sclerotic response and
periosteal reaction (short arrow) are seen more often in this variant. CT, computed tomographic.
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Figure 5 Fibro-osseous lesions. (A) Axial bone CT: ossifying fibroma. The presence of multiple internal foci of calcification
within the cystic mass (long arrow) and gently lobulated borders (short arrow) should prompt consideration of benign
calcifying/ossifying neoplasm. (B) Axial bone CT: ossifying fibroma. The heterogeneous but largely sclerotic mass represents
a more mature fibroma. A key feature of these fibro-osseous lesions is the lucent rim (arrow) representing the fibrous
capsule. (C) Axial bone CT: periapical cemento-osseous dysplasia. The multiple calcified masses inferior to the root apices of
the anterior mandibular dentition and mild associated expansion (arrows) is typical of these lesions as well as the central
sclerosis surrounded by a peripheral radiolucent zone. (D) Axial bone CT: florid osseous dysplasia. Multiple ossified masses
are distributed throughout the maxillary alveolus (long arrow). Note the associated expansion, and lucent fibrous matrix
and or simple bone cysts scalloping in between the roots of the dentition (short arrows). CT, computed tomographic.

Mixed Cystic and Sclerotic
Lesions: Benign Fibro-Osseous
Lesions

Bony expansion and septation of the alveolus represents the
osteolysis, replacement and or remodeling of the cancellous
trabeculation by a neoplastic mass and as such these findings
are relatively nonspecific to the odontogenic neoplasms. Non-
odontogenic neoplasms will similarly expand bone and may be
septated. Ossifying fibromas (Cemento-ossifying fibromas) are
among the most common nonodontogenic neoplasms to arise
within the alveolus, but as their tissue of origin is not
odontogenic, they are found distributed throughout the facial
bones. Those arising within the alveolus are generally centered
within the non—tooth bearing areas of the alveolus. Ossifying
fibromas are the unique neoplastic manifestation of a diverse
array of fibro-osseous lesions of the maxillofacial complex in
which normal bone is replaced by a connective tissue matrix
undergoing various degrees of mineralization.' '’ These
lesions are expansile even when small and varying rates of
trabecular ingress at the tumor margins will result in septation,
often having the characteristic of being thin and wispy.

The solid tumor and degree of intralesional mineralization,
however, is what differentiates these lesions from the more
common odontogenic lesions. Ossifying fibromas are expan-
sile, often cystic appearing masses with varying degrees of
calcification or ossification and as such these lesions may
appear either cystic or largely sclerotic depending on the degree
of internal calcification (Fig. 5A and B). Non-neoplastic fibro-
osseous lesions are common in the jaws and although
controversy prevails over the etiology of these lesions, they
are believed to represent reactive lesions.”'" Periapical
cemento-osseous dysplasia is a benign fibro-osseous lesion
that occurs around the root apices of the teeth. These lesions
begin as lucent areas of fibrous tissue deposition that centrally
ossify over time producing a sclerotic appearing mass with
lucent rim, often with associated mild expansion of the
alveolus (Fig. 5C). Notably the dentition will typically be intact
without caries or periodontal disease; a key diagnostic feature
to distinguish this lesion from the apical inflammatory lesions
of apical periodontitis or condensing osteitis. Periapical
cemento-osseous dysplasia most commonly presents in
the anterior mandibular dentition, has a predilection for
African Americans, and usually involves a single quadrant.
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Figure 6 Odontogenic myxoma. Axial contrast-enhanced CT: the
expansile lobulated cystic mass looks like an ameloblastoma; however,
the diffuse areas of mild hyperdensity (arrow) reflecting the myx-
omatous stroma differentiate this lesion from the discrete mural
nodule of the ameloblastoma. CT, computed tomographic.

Involvement of multiple quadrants by these lesions indicates
the exuberant form known as florid osseous (or florid
cemento-osseous) dysplasia (Fig. 5D)."' "¢

Mixed Cystic and Sclerotic or
Sclerotic Lesions: Benign and
Malignant Tumors

The mixture of soft tissue neoplastic elements and cartilaginous
or ossified neoplastic elements, or the osseous destruction of
bone, will generate the appearance of lesions having a mixed
cystic and sclerotic composition. Although the most common
benign odontogenic neoplasms are typically cystic in appear-
ance, more uncommon or rare lesions including the odonto-
genic myxoma, and the calcifying epithelial odontogenic cyst
and calcifying epithelial odontogenic tumor will appear
mildly dense or with intralesional calcifications, respectively
(Fig. 6).

Malignant tumors of the jaws are very rare and arise
principally from 4 sources: (1) osseous, cartilaginous,
or neuroectodermal elements giving rise to sarcomas,

Figure 7 Chondrosarcoma. Axial bone CT shows an expansile mass in
the left maxilla containing multiple “whorled” areas of calcification
(arrow). The appearance of these calcifications, bone destruction, and
the extra-alveolar extension differentiate this lesion from the ossifying
fibroma in Figure 5A. CT, computed tomographic.

Figure 8 Osteosarcoma. Axial bone CT shows an expansile lytic mass
with peripheral sclerosis and periosteal reaction (long arrow), as well
as thickening and sclerosis of the inferior alveolar nerve canal (dashed
arrow). The focal pockets of erosion in the buccal cortex (short
arrows) reveal the aggressive or malignant nature of this lesion. CT,
computed tomographic.

(2) malignant transformation of odontogenic epithelium,
(3) malignant transformation of intraosseous squamous or
salivary epithelial remnants, or (4) from metastatic disease.

Chondrosarcoma in the jaws represents less than 10% of all
chondrosarcomas and occurs more commonly in the maxilla
than in the mandible with the production of calcified matrix
producing a lobulated mass (Fig. 7).

Osteosarcoma of the jaws accounts for approximately 4% of
all the primary malignant jaw lesions and approximately 5% of
all osteosarcomas.””** Osteosarcoma of the jaw typically
presents later than those of the long bones with peak incidence
in the third to fourth decade, and although most arise
spontaneously from osteoid producing neoplastic cells, these
lesions can occur following radiation to the face or jaws, with
an average lag time of approximately 10 years.”"”* Depending
on the histologic subtype, varying degrees of osteoid and
chondroid matrix are produced, nevertheless, on imaging
these are lytic destructive lesions typically with periosteal
reaction (Fig. 8). MR imaging offers the benefit of determining
the degree and extent of cancellous involvement and extra-
alveolar extension. Osteogenic sarcomas are heterogeneous in
their signal intensity depending on the amount of mineralized
matrix; the mineralized components demonstrating low T1
and T2, whereas the solid tumor will demonstrate hypointense
to intermediate T1 and hyperintense T2 signal. With gadoli-
nium, these lesions will show variable enhancement.

The computed tomographic and MR appearance may
further help to differentiate osteosarcomas from other sarco-
mas such as Ewing sarcoma. Ewing sarcoma is a small round
cell sarcoma grouped among the primitive neuroectodermal
malignant neoplasms (primitive neuroectodermal tumor”” ),
and has a higher rate of distant metastases than the osteosar-
comas. Ewing sarcomas typically present in childhood or
adolescence as an expansile mass in the jaws, most frequently
in the mandible (Fig. 9A). Owing to their histologic character,
on MRI these lesions generally are more T2 hyperintense than
osteosarcomas, and generally demonstrate greater, albeit
variable, and enhancement (Fig. 9B).”® Although Ewing
sarcoma characteristically causes expansion of the alveolus,
more rarely, they may present as a diffuse marrow replacing
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Figure 9 Ewing sarcoma. (A) Axial bone CT demonstrates a typical appearance of Ewing sarcoma. The expanded mandible
is filled with heterogeneous but solid mass (long arrow) with a significant periosteal reaction (short arrow). (B) Axial
contrast-enhanced MRI with fat saturation in the same patient shows the more avidly enhancing areas in the mandible and
the periosteum (long arrows). Note the extra-alveolar extension into the masseter muscle (short arrow). CT, computed

tomographic.

process, necessitating differentiation from osteosarcoma, osteo-
myelitis or osteonecrosis.

Malignant transformation of odontogenic epithelium is very
rare and accounts for less than 1% of the malignancies
involving the jaws.”” Odontogenic carcinomas are ameloblas-
tomas with histologic features of carcinoma including abnor-
mal mitoses. The presence of benign ameloblastic or
amelofibroma proliferation with accompanying malignant
mesenchymal stroma is termed an odontogenic sarcoma.
The combination of an ameloblastic carcinomatous compo-
nent and a malignant spindle cell component is termed an
odontogenic carcinosarcoma. Malignant ameloblastomas are
distinct from odontogenic carcinomas, having features of a
primary benign ameloblastoma and demonstrated locore-
gional or distant metastasis.””* The broad overlap in histo-
logic components renders the imaging nonspecific; the keys to
the differential being an intra-alveolar tooth bearing location,
relatively hyperenhancing components with accompanying
aggressive extra-alveolar extension or lymphadenopathy
(Fig. 10).

Figure 10 Odontogenic sarcoma. Axial contrast-enhanced CT shows a
moderately enhancing destructive mass in the anterior mandible. The
amount of enhancement together with the destruction of the buccal
cortex and extra-alveolar extension (arrow) are the clues that
suggest this is not a benign odontogenic neoplasm. CT, computed
tomographic.

Finally, metastasis to the jaws is similarly very rare with the
most common primary sites consisting of the breast, adrenal,
colorectal, and thyroid for women, and lung, prostate, and
kidney for men. These lesions are typically solitary lesions
occurring anywhere in the jaws, more common in the
mandible.””® Most are adenocarcinomas and as such will
generally appear more solid and osteolytic than the benign
odontogenic lesions. Metastatic renal cell is a hypervascular
tumor and often will demonstrate flow voids; in these lesions
the bone destruction, and intra- and extra-alveolar extension
differentiates them from vascular malformations.

In summary, this article summarizes the variety of common
benign and malignant lesions affecting the jaws that give rise to
cystic or sclerotic appearing processes. An understanding of
the relationship between the different tissues of origin and their
associated pathophysiologic abnormalities allows more sim-
plified approach to the differential diagnosis and ensures better
patient management.
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