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Introduction

The anatomical variations of sinonasal cavity are well document-
ed in literature [1-3]. The sinonasal cavity is usually partially or
fully imaged in cone beam CT (CBCT) exams taken for the teeth
and jaws. So, oral and maxillofacial radiologists need to be familiar
with the regional anatomy of the sinonasal complex (Figure 1).
However, some anatomical variations can predispose to sinus dis-
ease or complicate sinus surgery. Therefore, solid understanding
of the imaging anatomy of the sinonasal cavity is of paramount
importance in order to eliminate or minimize surgical complica-
tions [4, 5]. CBCT scan is an advancement in technology that has
begun to emerge as a potentially low dose and high contrast 3D
imaging modality for visualizing bony structures in the dentomax-
illofacial complex [6]. The objective of this pedagogical review
is to provide oral and maxillofacial radiologists with a pictorial
overview of the common anatomical variations of the sinonasal
cavity as depicted on CBCT images.

Nasal Cavity
Deviated nasal septum

The nasal septum is made up of bony and cartilaginous parts. The
bony component is formed by the vomer and perpendicular plate
of ethmoid done. The septum usually deviates off the median
plane (Figure 2). Septal deviation is the most common variation
of the nasal cavity. Earwaker reported prevalence of septal devia-
tion in 44% of individuals with slight right side predominance but
equal gender distribution [7]. Septal deviation can be too severe
that it comes into contact with the lateral nasal wall and obstructs
breathing or exacerbates snoring.
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Concha Bullosa

Concha bullosa is a middle turbinate that is pneumatized by an
ethmoid air cell (Figure 3). Concha bullosa is only recognized
when the bulbous portion of the turbinate is acrated. Aeration
into the upper lamina attachment of the turbinate is simply re-
ferred to as partial aeration of the turbinate. Prevalence of con-
cha bullosa was reported in 55% and 34% of patients in Earwaker
and Zinreich studies, respectively |7, 8]. Concha bullosa can com-
promise the middle meatus, particularly the ostiomeatal complex,
and predispose to sinus disease due to its negative effect on the
mucociliary drainage [9].

Teaching point: Ostiomeatal complex is the term used to re-
fer collectively to the maxillary sinus ostium, hiatus semilunaris,
frontal recess (frontonasal duct), middle ethmoidal cells ostia, and
middle meatus (Figure 1).

Paradoxical Middle Turbinate

The configuration of middle turbinate normally follows that of
the inferior turbinate (i.e. convex medially). Paradoxical middle
turbinate has a reversed configuration (convex laterally) (Figure
4). Perez et al., reported paradoxical middle turbinate in 10% of
patients [4]. Earwaker identified 269 cases (33%) with paradoxical
middle turbinate [7]. Unless there is obvious obstruction of the
nasal airways from the paradoxical turbinate, there is no consist-
ent literature that relates paradoxical middle turbinate to sinusitis.

Septal spur

Septal spur is a transverse bony ridge arising from the nasal sep-
tum (Figure 5). Takanishi has proposed that malalignment of the
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Figure 1. Coronal CBCT demonstrates imaging anatomy of sinonasal complex: 1. Inferior tutbinate, 2. Middle turbinate, 3.
Nasal septum, 4. Maxillary sinus, 5. Uncinate process, 6. Maxillary infundibulum, 7. Bulla ethmoidalis, 8. Fovea ethmoida-
lis, 9. Cribriform plate of ethmoid bone, 10. Crista galli.

Figure 2. Coronal CBCT shows septal deviation (asterisk).

Figure 3. Coronal CBCT shows concha bullosa (asterisk).

Figure 4. Coronal CBCT shows paradoxical middle turbinates (asterisks).
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Figure 5. Coronal CBCT shows a left-sided septal spur (arrow).

three components of the nasal septum (Septal cartilage, perpen-
dicular plate of ethmoid bone and vomer) gives rise to formation
of septal spur [10]. Prevalence of septal spur was recognized in
18.5% of patients with a four fold predominance on the left side

[7]-
Maxillary Sinus
Alveolar recess of maxillary sinus

Each maxillary sinus has four recesses: The zygomatic recess, ex-
tending into the body of the zygoma; The palatine recess, extend-
ing into the hard palate; The tuberosity recess, extending into the
maxillary tuberosity; and The alveolar recess, extending into the
alveolar process of the maxilla (Figure 6). In dentate maxilla, the
alveolar recess is closely related to the molar and premolar teeth
whose roots may produce conical projections into the sinus floot.
However, alveolar recess is more seen in edentulous sites of max-
illa where the height of the residual alveolar ridge is additionally
compromised by the crestal bone loss. The reported prevalence

—_
/

of alveolar recess is 18% [7].
Palatine recess of maxillary sinus

The hard palate (nasal floor) is formed of the palatal process
of maxilla (antetior 2/3) and hotizontal plate of palatine bone
(postetior 1/3). Palatine recess of maxillary sinus may be encoun-
tered on routine radiographs and confused for a lesion (Figure
7). Earwaker has recognized the palatal recess when the distance
between the recesses is less than half the width of the nasal floor
at the level of the inferior meati. He reported this variant is 11.5%
of his patients [7].

Accessory ostia

Messerklinger has reported defects in the middle meati behind
and below the uncinate process [11]. These defects are concealed
by mucoperiostium and consequently referred to as nasal fonta-
nelles, which in turn were described as the sites of accessory ostia
for maxillary sinus (Figure 8). The reported prevalence in the lit-
erature is 13% [7].

Maxillary sinus septa

Partial or complete intrasinus septum partitions the sinus cavity
into multiple compartments (Figure 9). They are usually unilateral
and encountered in the anterior portion of the sinus. This variant
was reported in 3% of patients in Earwaket’s series [7].

Ethmoidal sinuses
Haller (Infraorbital ethmoid) cells

Haller cells were first described by Albert von Haller as the an-
terior ethmoidal air cells located along the medial portion of the
orbital floor lateral to the maxillary infundibulum [12] (Figure 10).
Enlarged or inflamed Haller cell can significantly constrict the
maxillary sinus ostium and predispose to sinus disease [13]. Due
to its critical location, inflamed Haller cell has been reported as
potential cause of unilateral orbital cellulitis [14]. The reported
prevalence of Haller cell ranges from 2.7% to 45% [9]. It is likely
these mixed reports reflect the inconsistency in defining Haller
cell.

Agger nasi cells

Agger nasi (nasal ridge) cells are the most anterior ethmoidal air
cells, which are formed by pneumatization of the lacrimal bone
and the frontal process of maxilla (Figure 11). Agger nasi cells are
identified on sinus CT by its location just superior to the upper
end of nasolacrimal duct. However, the inconsistency in defining
agger nasi cells may have partly resulted in wide range of occur-
rences (10% - 98%) [2, 15]. Agger nasi cells are closely related to
the frontal recess (frontonasal duct); consequently, enlargement
of these cells may obstruct the frontonasal duct and result in
frontal sinus mucocele [2].

Onodi (Sphenoethmoidal) cells

Onodi cells were first described in 1910 by Adolf Onodi as the
most posterior ethmoid cell that pneumatizes superolaterally into
the sphenoid sinus and is intimately associated with the optic ca-
nal [16] (Figure 12). Prevalence of Onodi cell was estimated to
range from 3.4% to 51% [17]. As Onodi cells abut or may even
surround the optic nerve, thereby placing this nerve at a higher
risk during surgical exploration of these cells [2].

Supraorbital cell
Supraorbital cells were described by Som as supraorbital exten-

sion of anterior ethmoidal cells into the orbital roof [18] (Figure
13). Earwaker identified these cells in 8% of cases [7].

Frontal Sinuses

The frontal sinuses are the only paranasal sinuses that are absent
at birth. The sinuses undergo primary expansion with the erup-
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Figure 6. Coronal CBCT shows alveolar recess of maxillary sinus (asterisks).

Figure 7. Maxillary occlusal view of a 13-year-old male shows a well-demarcated radiolucency with scalloped corticated

margin extending between roots of right lateral and central incisors (arrows). CBCT evaluation revealed extension of right

maxillary sinus into palatine process of maxilla (palatine recess of maxillary sinus) (arrows).

Figure 8. Coronal CBCT shows accessory maxillary sinus ostium (arrow).

Figure 9. Coronal CBCT shows septa within the maxillary sinuses (arrows).
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Figure 10. Coronal CBCT shows Haller cells (asterisks).

Figure 11. Coronal CBCT shows agger nasi cells (asterisks) just superior to the upper end of the nasolacrimal duct (arrow).

Figure 12. Coronal CBCT shows Onodi cell (asterisk).

tion of the first deciduous molars and secondary expansion with
the eruption of the first permanent molars [19]. However, they
only reach their full size after puberty. Additional sinus expansion
may be attributed to the age-related changes in the volume of
sinus aeration [2]. In extreme cases, the frontal sinuses may ex-
pand to pneumatize the entire frontal bone (Figure 14). Moreover,
frontal sinus aeration may expand to involve crista galli (part of
ethmoid bone) (Figure 16). Som et al., reported crista galli pneu-
matization in 13% of subjects [20].

Teaching point: Pneumosinus dilatans is a rare condition refers
to an aerated sinus that is abnormally expanded; however, sinus
walls are of normal thickness. Extension of sinus aeration beyond
the normal bony boundaries differentiates pneumosinus dilatans
from hypersinus. Pheumocele refers to an aerated sinus with ex-
pansion and thinning of the bony sinus walls [21].

Sphenoidal Sinus
Vomeral recess of sphenoid sinus

Vomeral recess of sphenoid sinus is caused by downward exten-

sion of the sphenoid sinus into the posterior aspect of the nasal
septum (vomer) (Figure 15). This recess was reported in 8% of
patients [7].

Pterygoid recess of sphenoid sinus

Pterygoid recess of sphenoid sinus occurs by extension of the
sinus cavity into the ptreygoid process of sphenoid bone (Figure
16). Hewaidi et al., defined pterygoid recess when the pneuma-
tization extends beyond a horizontal plane across the pterygoid
(Vidian) canals [22]. They encountered pterygoid recess in 29%
of their patients and shown significant association between ptery-
goid recess and ipsilateral protrusion of pterygoid canal into the
sphenoid sinus cavity (Figure 17). Pterygoid recess of sphenoid
sinus may be encountered in panoramic or lateral ceph radiogra-
phy as well-defined radiolucency posterior to the maxillary sinus
and can be mistaken for an abnormality [23] (Figure 18).

Teaching point: Sluder’s (Vidian) neuralgia is a rare disorder has
been hypothetically attributed to irritation of Vidian nerve fibers
secondary to sphenoid sinusitis [24]. Sludet’s neuralgia is charac-
terized by unilateral, severe, burning pain starting around the eye
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Figure 13. Coronal CBCT shows supraorbital cells (asterisks).

Figure 14. Coronal CBCT shows overpneumatized frontal sinuses (hypersinus) (asterisks).

Figure 15. Coronal CBCT shows a pneumatized crista galli (asterisk).

Figure 16. Coronal CBCT shows vomeral recess (asterisk).

and the bridge of the nose, radiating to the maxilla and maxil-
lary teeth, zygoma, mastoidal area and occiput, or as down as the
shoulder and arm.

Clinoid recess of sphenoid sinus

Clinoid recess is pneumatization of the anterior clinoid process
by the sphenoid sinus (Figure 19). Bolger et al., reported a preva-
lence of clinoid recess of 14% [9]. Clinoid recess is supposed to
concur with ipsilateral protrusion of the optic canal or internal

carotid artery (Figure 20). Accordingly, neurovascular injury can
occur as a result of surgical trauma or sinus disease [2].
Lateral recess of sphenoid sinus

Lateral recess of sphenoid sinus occurs when the sinus cavity ex-
tends laterally into the greater wing of sphenoid bone (floor of
middle cranial fossa) (Figure 20). Hewaidi et al., recognized the
lateral recess when the pneumatization extends beyond a vertical
plane along the maxillary canal (foramen rotundum) [22]. They
have reported significant co-existence between the lateral recess
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of sphenoid sinus and ipsilateral protrusion of the maxillary ca-
nal into the sinus cavity (Figure 20). A protruded or dehiscent
maxillary canal renders the maxillary nerve vulnerable to dam-
age during sphenoid surgery. Moreover, inflammatory irritation
of the maxillary nerve can occur secondary to sphenoid sinusitis
and may present clinically as neuralgic pain in the distribution of
the nerve [25]. Hewaidi et al., reported lateral recess in 20% of
their patients [22].

Conclusion
This educational review highlighted the common sinonasal varia-

tions with reference to their clinical implications. Some variations
can appear as well-demarcated radiolucency on routine imaging

http://scidoc.org/IJDOS.php

leading to a possible misdiagnosis of abnormality. This necessi-
tates oral and maxillofacial radiologists to get accustomed to the
sinonasal anatomy. The CBCT report should include not only
details about the area of interest but also information about the
anatomical variants and their implications. However, the presence
of variants does not constitute a pathologic condition per se.
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