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OzET
Maksillofasiyal bolgedeki anatomik noktalarin CBCT
gorintdleri

Dis hekimligi radyolojisinde konvansiyonel cekim teknikleri bas ve
boyun bdlgesinde li¢ boyutlu kompleks yapilarin sadece iki boyutlu
gorintiilenmesine olanak verir. CBCT, diger bir ismiyle dental volumet-
rik tomografi, maksillofasiyal bdlgede daha hizli veri elde edebilmek
amaciyla konvansiyonel bilgisayarli tomografiye (BT) alternatif olarak
gelistirilmistir. CBCT'nin avantajlari arasinda daha kisa 1sinlama stiresi,
hasta hareketine bagl olarak olusan distorsiyonda azalma, multiplanar
goriintiileme olanagdi ve hastanin maruz kaldigi dozda azalma bulun-
maktadir. CBCT klinisyenlerin maksillofasiyal bolgede yer alan anatomik
noktalarin lokalizasyonun belirlenmesinde ve anatomik yapilarin aksiyal,
koronal, sagittal diizlemlerde goériintiilenmesine olanak saglar. Bu der-
lemede maksillofasiyal bolgede yer alan bazi anatomik noktalarin CBCT
goruntiilerinden bahsetmekteyiz.

Anahtar sozciikler: Anatomik noktalar, CBCT, maksillofasiyal bolge

ABSTRACT
CBCT images of anatomic landmarks in maxillofacial region

Conventional radiographic techniques in dental radiology allows only
2D images of 3D structures of head and neck region. CBCT is a recent
technology, is also named as dental volumetric tomography, which was
developed as an alternative to conventional CT using cone beam-shaped
X-ray to provide more rapid acquisition of a data set of entire maxillofacial
region. CBCT has remarkable advantages such as shorter exposure time,
reduced image distortion due to patient movements, decreased patient
dose and multiplanar screening. CBCT also allows the clinicians to localize
the anatomic structures of the maxillofacial region and these anatomic
structures can be visualized in various planes such as axial, coronal and
sagittal planes. In this review we mentioned some anatomic structures of
the maxillofacial region by using CBCT imaging.
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INTRODUCTION

Cone beam computed tomography (CBCT) might be
one of the most important developments in dental
radiology over the years. The first prototype scanner for
CBCTwasdeveloped and describedin 1982 forangiographic
applications (1). For dentomaxillofacial use a CBCT scanner
was developed in the late 1990s, and since with the first
report (2) the CBCT technique has gained great popularity
in dentistry. The development has been ast and the name
of the technique has varied as cone beam CT, limited cone
beam CT, digital volume tomography (DVT), dental
volumetric CT and volumetric tomography (3,4).

From the first generations to several new generations
on the market has different brand which in the patientis a
seated, standing or supine position during the examination.

Imaging is accomplished by using a rotating gantry to
which an x-ray source and detector are fixed. A cone-
shaped source of ionizing radiation is directed through the
middle of the area of interest onto an area x-ray detector on
the opposite side. The x-ray source and detector rotate
around a rotation fulcrum fixed within the center of the
region of interest and only one rotational sequence of the
gantry is necessary to acquire enough data for image
reconstruction. During the rotation, multiple sequential
planar projection images of the field of view (FOV) (from
150 to more than 600) are acquired in a complete, or
sometimes partial, arc. This procedure varies from a
traditional medical CT, which uses a fan-shaped x-ray beam
in a helical progression to acquire individual image slices of
the FOV and then stacks the slices to obtain a 3D
representation. Each slice requires a separate scan and
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separate 2D reconstruction. The next stage is the
reconstruction stage and it consists of relating the collected
images to each other to create a volumetric data set. This
volumetric data set is presented as primary images on the
monitor reconstructed in three orthogonal planes (axial,
coronal and sagittal) and new reconstructions in all planes,
cross-sectional projections at different slice thicknesses are
easily performed (3,4).

This technique has several advantages. CBCT volumetric
data is isotropic, which means all three dimensions of the
image voxels are the same. This makes it possible to reorient
the im-ages to fit the patient’s anatomic features and
perform real-time measurements. Accuracy is another
advantage of CBCT. It can generate a size of voxel (a 3D
cuboid unitofimages) as small as submilimeterin dimension,
which contributes to its high resolution and quality. CBCT
units provide choices for field of view (FOV), which allows
irradiation of particular area of interest to dentists, while
limiting irradiation of other tissues. The radiation dose from
a CBCT is lower than that from a conventional CT, but is
significantly higher than traditional dental radiography
techniques. Compared to conventional CT, the compact size
and affordability of CBCT makes it suitable for the dental
office setting. Moreover, a CBCT image can be reformatted
to panoramic, cephalometric, or bilateral multiplanar
projections of the temporomandibular joint. In all systems,
short scan time allows for quick collection of data from the
patient and thus reduces the possibility of motion artifacts.
The studies concluded that CBCT technology was useful in
maxillofacial radiology, especially for evaluation of hard
tissues, although detection and evaluation of soft tissue
lesions are not as clear as desired (5-8).

In many circumstances, CBCT is superior to conventional
2D images in demonstrating anatomic structures, the
location and extent of pathologies, the quantity and quality
of bone, and the spatial relationship of an object relative to
the adjacent critical anatomical structures. Applications of
CBCT also include impacted mandibular third molar
position close proximity to the inferior alveolar canal;
determine trace of an impacted canine for orthodontic
treatment; orthodontic/surgical management of complex
skeletal abnormality; endodontic management of a
multirooted tooth when root canal anatomy is not
adequately shown on conventional intraoral radiographs;
dental trauma (suspected root fracture); implant placement

and fabrication of surgical stents and jaw bone invasion of
oral carcinoma. On the contrary, CBCT should not be
routinely used for detection of caries, periodontal bone
loss, and periapical pathosis or for routine orthodontic
diagnosis (6,9). The purpose of this review was to identify
anatomic structures of mandible and maxilla that were
assessed with CBCT.

Inferior Mandibular Canal

The location of the inferior mandibular canal (IMC) is a
critical factor that can influence dental implant or impacted
third molar surgery. In addition this, IMC may also be
damaged by osteotomies or fracture repair; thus, a strong
understanding of the intrabony anatomy of the mandibular
canal is required before conducting dental implant surgery
or other operative procedures. However, distortion of 2D
panoramic radiography often results in miscalculation of
the IMC location (10,11). It is recommended that CBCT,
especially cross-sectional imaging offers an excellentimage
of the morphology of the mandible and the exact location
of the IMC, reporting that a defined canal can be detected
on the majority of the images (12-14). IMC is tube-like
structure that transverses whole length of mandible from
the mandibular foramen in the ramus till the mental
foramen in the premolar region (Figure 1). On a CBCT image
it appears like a radiolucent circle surrounded by thin
radiopaque ring which represents the wall of the canal. This
canal is best visible on coronal and cross-sectional images
and it is difficult to visualize on axial slices. On sagittal views
the canal might take a variable tube like appearance
depending on the actual location and orientation of the
slice selected (15).

Mental Foramen

The mental foramen (MF) is an opening on the external
surface of the mandible which is typically located in the
premolar region and it signifies the anterior end of the IMC
and it possess the mental nerve and vascular supply to
lowerlip region. Radiographically it appears a crescent
incomplete circle which is readily visible on each of three
orthagraphic views (15) (Figure 1).

One of the most challenged regions for implantation in
mandible is MF region. This is because there are many
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: Mandibular canal
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Figure 1: The mandibular canal, mental foramen are seen on sagittal and cross-sectional views

variations with regards to the size, shape, location and
direction of the opening of the MF. The shape of MF can be
round or oval: diameter changes. The location of MF differs
in the horizontal and vertical planes. The most popular
method for the identification of MF in the horizontal plane
was proposed by Green (16). In this method, the position of
MF was recorded as either in the line with the longitudinal
axis of a tooth or as lying between the two teeth. It was
shown in number of studies that the location of MF is
related also with race (17,18). When planning dental implant
operation, clinicians should identify vertical MF position,
because after the extraction of teeth and due to resorption
of alveolar bone, the MF is closer to the alveolar crest. In
extreme degrees of resorption, the mental nerve and the
final part of inferior alveolar nerve were found directly
under the oral mucosa.

In someinstance there can be an accessory MF. Katakami
et al. (21) diagnosed 17 accessory foramina in 16 patients
using limited CBCT for 150 patients. Similarly, Naitoh et al.
(22) studied 157 patients CBCT images and found the
accessory MF observed in 7% of patients. Accessory MF
tended to exist in the apical area of the first molar and
posterior or inferior area of the MF. The accessory branches

of the mandibular canal showed common characteristics in
the course of gently sloping posterosuperior direction in
the buccal surface area.

The IMC may also extend beyond the mental foramen
as an intraosseous anterior loop. As reported by Bavitzet
(19) and Misch (20) more precise description is: “where the
mental neurovascular bundle crosses anterior to the mental
foramen than doubles back to exit the mental foramen”. The
location of foramen, as well as, the possibility that an
anterior loop of the mental nerve may be present mesial to
the mental foramen need to be detected with CBCT before
the surgery to avoid mental nerve injury.

Mandibular Condyle and Coronoid Process

It is essential to obtain a clear and precise image of the
temporomandibular joint (TMJ) region. This may be difficult
owing to the superimposition of adjacent structures,
different angulations of the condyle, limitation of mouth
opening in some patients, presence of artifacts and
mandibular movements during the examination (23). The
TMJ can be viewed using panoramic and transcranial
radiographs, conventional CT, CBCT, MRI and arthrography.

234 Marmara Universitesi Saglik Bilimleri Enstitiisti Dergisi Cilt: 4, Say: 4, 2014 / Journal of Marmara University Institute of Health Sciences Volume: 4, Number: 4, 2014 - http://musbed.marmara.edu.tr




M. Mayil, G. Keser, F. Namdar-Pekiner

| Coronoid process

Glenold fossa

Mandibular
condyle

Figure 2: Temporomandibular joints are seen on coronal, sagittal and axial views

CT has been the method of choice to assess the contours of
the cortical bone and TMJ dynamics. However, it is a high-
cost examination and requires a high dose of radiation (24).
Due to the several advantages mentioned before CBCT is
favoured and provides a complete radiographic
investigation of the bony components of the TMJ. The
reconstructed cross-sectional views images of TMJ region
or images reconstructed on TMJ tool are high diagnostic
quality. CBCT has been shown to be efficient in the diagnosis
of several bone changes that affect the TMJ (25,26).

The head of the condyle is an elliptical shaped bony
process which serves as the articulation site of the mandible
with the temporal bone at the TMJ region. The articulation
surface of condyle is hemicylindrical antero-posteriorly.
Typically, on both of the sagittal and coronal sections, the
hemicylindrical shape of the condylar head can be observed
while on the axial sections the elliptical appearance is more
prominent. On the coronal view in the open-mouth
situation, it often leads to a clearer view of the condyle,
since it translates slightly over the tubercle giving an

unobstructed view of the condyle head (Figure 2). Also the
coronoid process is a thin bony prominence located in the
anterior superior portion of the ramus mandible which is
flattened lateromedially. It serves as the attachment site for
the muscles of the mastication and on its medial surface is
the attachment point of the temporalis muscle. On CBCT it
appears like a prolonged elongation that is continuous with
that of the mandibular ramus on both of the sagittal and
the coronal views while it demonstrates a triangular shape
on corresponding axial slice (15,26) (Figure 2).

Mandibular Incisive Canal and Lingual Foramen

The mandibular incisive canal (MIC) is described as a
continuation of the IMC and contains one of the terminal
branches of the inferior alveolar nerve. The MIC is mostly
shown as a tube-like structure and a prolongation of the IMC
anterior to the mental foramen, continues towards the
incisor region in a slightly downward direction, narrowing
crossing the midline and sometimes it reaches only the
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Figure 3: The lingual foramen and mandibular incisive canal are seen on cross-sectional views

midline (27) (Figure 3). The lingual foramen (LF) is usually
situated in the internal region of the mandibular symphysis
and begins superior to the mental spines and contains an
artery that develops from the anastomosis of the two
sublingual arteries and ends at the buccal lingual cortex (28).
The importance of these observations could be significant,
as several surgical procedures are performed in this region. In
case of large MIC, a patient may experience discomfort
during osteotomy or experience postoperative pain that
requires no implant insertion or implant removal (30).

The conventional two-dimensional presurgical
radiological assessment often fails to show these structures
(30). Contemporary imaging techniques such as CBCT may
be particularly suitable in the preoperative treatment
planning. The MIC and LF is best seen in cross-sectional
views (31) (Figure 3).

Frontal Sinus

The frontal sinus (FS), an air filled cavity, is located in the
forehead region just superior to the paired nasal bones.The

sinusisusually twoin numberwhich are seldom symmetrical
(32). For the development of the facial skeleton FS is “an
epiphyseal platform” (33). The anterior wall thickness is
inversely correlated with FS dimensions and a bony septum
separates two cavities, yet variations do exist.
Radiographically, the shape of the FS is variable yet readily
visible on three orthographic views. It is a radiolucent cavity
surrounded by thick cortical layer of the frontal bone
(Figure 4 and 5).

Orbita

The medial wall of the orbital cavity or “orbit” is formed
by the frontal process of maxilla and the ethmoidal bone.
The floor is formed by the orbital process of the maxilla and
the zygomatic bone laterally. The zygomatic bone forms
also the lateral wall of the orbit in conjunction with the
frontal bone which also constitutes the roof of the orbit.
The orbital cavity is readily visible as a large round or oval
radiolucent cavity and it is best visualized on the coronal
slices of CBCT (15) (Figure 4).
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Figure 4: The maxillary, frontal sinus, orbital and nasal cavities are seen on coronal, axial, sagitaal views

Nasal Cavity

It is a pear-shaped cavity which is bounded by the
maxillary sinus laterally and the ethmoidal sinus superiorly.
It is separated into three distinct chambers (meati or
turbinates) on either side of three osseous processes, the
nasal conchae (inferior, middle, and superior) (34).
Posteriorly, it communicates with the oro-pharynx while
inferiorly it communicates with the oral cavity through the
naso-palatine duct or canal. It appears as a large, pear-

Froulal o mus

Infraorbital
Toramen

Nasal Septum i

shaped cavity on the coronal slices in CBCT while on the
axial and sagittal slices, the cavity should be traced along
the path of the nasal concha and the middle nasal septum
(Figure 4 and 5).

Nasal Septum
The nasal septum is a mid-sagittal septa that divides the

nose into two compartments, it is composed of hard tissue
(vomer) and soft tissue (nasal cartilage). Vomer is a thin,

Lyzomatic arch

| Sphenoid sinus

Figure 5: The maxillary, frontal, sphenoid sinuses, nasal septum and also infraorbital foramen are seen on sagittal, coronal and axial views
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quadrilateral shaped structure and which the lower part of
the nasal septum (35). Radiographically, it is readily visible
on the coronal sections as a longitudinal line segmenting
the nasal cavity and on the mid-saggital plane, the anterior
soft tissue cartilage and the posterior hard tissue bone can
be visualized. On trans-axial slices, it runs along the nasal
cavity antero-posteriorly while surrounded by the nasal
concha anteriorly and the ethmoidal sinuses in the posterior
region (Figure 4 and 5).

Sphenoid Sinus

Because of its isolated location and inaccessibility, it is a
highly overlooked structure, which is located deep in the
nasal cavity. The access to the sphenoid sinus (SS) by
physical examination is not very easy, and it cannot be
visualized even by routine radiological studies (36,37). By
the help of imaging techniques such as CT and MRI, the
anatomy of the sphenoid sinus became more important
due to its close proximity to highly important structures.
The SSis located on the midline and it separates the anterior
and middle cranial fossa from each other (38). This cavity
that s filled with air and separated by a bony septum and is
adjacent to vital structures such as the internal carotid
artery (39). Radiographically healthy sphenoid sinus
appearance is dark/black and is located just posterior to the
ethmoid sinuses and below the base of sphenoid bone (34)
(Figure 5).

Ethmoid Sinus

The ethmoid sinuses (ES) are present at birth and
enlargement of the sinus terminates by age of 12 (40). The
ES are made up of multiple, small air cells separated by the
vomer bonein the midline. Due to the complicated anatomy
of the sinus, it can also be portrayed as “ethmoid labyrinth”
(34) (Figure 4 and 5).

Originated from pneumatization of the bone plate,
concha bullosa is a variation which is actually the extension
of the ethmoid cells. It may be either uni or bilateral. Varied
degrees of pneumatization of the concha may be observed,
possibly causing middle meatus or infundibulum
obstruction.

The ethmoid cells those are located at posterior region
may reach the posterior ethmoid capsule or move to the

medial aspect of the optic nerve. These are named as Onodi
cells (spheno-ethmoid cells which are positioned between
the sphenoid sinus and the floor of the anterior cranial fossa
(33).

The largest air cell of the ethmoid labyrinth is the
ethmoid bulla. When this air cell reaches sufficient size it
can tighten or even obstruct the middle nasal meatus and
the infundibulum.

In a study conducted it is reported that the prevalence
of ethmoid bulla is 8% (41).

Maxillary Sinus

The maxillary sinus (MS) is a pyramidal shaped cavity
and it is filled with air. The base of the pyramid is situated
medially toward the nasal cavity with which the MS
communicates through the ostium and a bony septum may
be visible in the sinus floor (Underwood septum) (42).
Radiographically, the sinus can be easily seen in all of the 3
orthographic views as a large triangular, radiolucent
compartment surrounded by cortical bone (Figure 4). The
MSislined by amucosallayerthatappearsontheradiograph
asathin lining to the cavity; in case of infection, this mucosal
layer is typically thickened and increased in size.

Infraorbital Foramen

Infraorbital margin is formed laterally by zygomatic
bone, medially by maxilla. About 1cm below the infraorbital
(IF) margin is the infraorbital foramen for the passage of
infraorbital vessels and nerve (43). It is also the facial
opening of the infraorbital canal extending from the
pterygo-palatine fossa from behind the maxillary tuberosity
and reaches through the floor of the orbit to end up. The IF
appears as a round radiolucent opening situated in the
superior border of the maxillary sinus lateral to the nasal
cavity (Figure 5).

Zygomatic Bone

The zygomatic bone is a pyramidal bone which forms
the lateral wall of the orbit and with the zygomatic process
of the temporal bone it forms the zygomatic arch. It is a
strong buttress of lateral portion of middle third of facial
skeleton and is responsible for midface contour and
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protection of orbital contents (44,45). Zygoma plays a major
role in facial contour, and any damage of zygomatic bone
carries a risk of functional and aesthetic deficiency (46,47).
Radiographically, on the coronal sectional slices, the bone
might appear constricted in the middle due to presence of
the zygomaticofacial canal (Figure 5).

Anterior Nasal Spine

Anterior nasal spine represents the anterior most end of
the nasal cavity and it is formed by the union of the paired
maxillary bones. Radiographically, it exhibits a triangular
shaped spine on cross-sectional views (15) (Figure 6).
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