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Review Article

SINONASAL COMPLEX: RADIOLOGICAL ANATOMY*

Ricardo Pires de Souza1, Joel Pinheiro de Brito Júnior2, Olger de Souza Tornin3, Ademar
José de Oliveira Paes Junior4, Cristiano Ventorim de Barros5, Felipe Amstalden Trevisan6,
Carlos Neutzling Lehn7

The aim of this study is to evaluate the sinonasal complex to identify the main findings and to determine the
diseases in this area. An accurate analysis of the local extent and tumoral dissemination through computed
tomography and magnetic resonance imaging plays a significant role in the therapeutic planning, also affect-
ing the prognosis.
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Complexo nasossinusal: anatomia radiológica.
Este estudo propõe-se a avaliar o complexo nasossinusal, a fim de identificar os principais achados e deter-
minar as doenças desta área. A análise precisa da extensão local e disseminação tumoral, dada pela tomo-
grafia computadorizada e ressonância magnética, desempenha papel importante no planejamento terapêutico,
influenciando também o prognóstico.
Unitermos: Nasossinusal; Tomografia computadorizada; Ressonância magnética.
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INTRODUCTION

Many times, clinical findings in condi-
tions affecting the nasal cavities and
paranasal sinuses may be non-specific so
in these cases a radiological evaluation is
essential(1,2).

Although plain films may depict alter-
ations resulting from inflammatory dis-
eases in paranasal sinuses, computed to-
mography (CT), particularly, is a better
method for evaluating the nasal cavity,
paranasal sinuses and adjacent structures,
allowing visualization of ostiomeatal chan-
nels and facilitating the perception of this
region morphology, a characteristic that has
been quite explored in the recent years with
the increasing use of endoscopic sinonasal
surgical techniques(1–11). Magnetic reso-

nance imaging (MRI) allows a better visu-
alization of soft tissues than CT, however,
bone walls and paranasal sinuses ostia are
not appropriately demonstrated(1–3,12–15).

The aim of this study is to describe the
nasal cavity and paranasal sinuses anatomy
which is essential for diagnosis and thera-
peutical planning in cases of conditions
affecting this region, guaranteeing a better
assistance for the patient, and also de-
scribes the more frequent anatomical varia-
tions in this area(1–3).

SINONASAL COMPLEX ANATOMY
AND PHISIOLOGY

Mucociliar function (clearance) – The
paranasal sinuses is lined with a pseudo-
stratified ciliary columnar epithelium, the
cilia being in constant movement and
sweeping the mucinous carpet towards the
sinusal ostia(1,2,16). The flow pattern is spe-
cific for each sinus and persists even in the
presence of alternative openings(1,2,8,9). This
is clearly observed in the maxillary sinus
where the mucosal flow is drained into the
primary ostium and then is transported
through the ethmoid infundibulum towards
the semilunar hiatus and after towards the
middle meatus. Through the middle me-
atus, maxillary, ethmoidal and frontal si-
nuses secretions are drained into the
nasopharinx(1,2).

The nasal cavity is formed by the nasal
bones and separated into left and right

halves by the nasal septum(17,18). The nasal
septum is easily identifiable both on coro-
nal and axial tomographic sections. The
anterior superior septum is composed of
cartilage and the posterior portion is
formed by bones, including the vomer and
the perpendicular plate of the ethmoid bone
(Figure 1)(3,17).

The nasal cavity lateral walls present
several anatomical marks such as superior,
middle and inferior nasal conchas, divid-
ing the nasal cavity into three different air
passages: the superior, middle and inferior
meatuses (Figure 2A)(1,2,8,9).

The superior nasal concha is the small-
est of the three conchas and forms the su-
perior meatus below it, draining the poste-
rior ethmoidal cells through the different
ostia (Figure 2A). Above the superior con-
cha, between the anterior wall of the sphe-
noidal sinus and the posterior wall of the
ethmoidal sinus, is the sphenoethmoidal
recess into which the sphenoidal sinus
opens (Figure 5)(2,3,8,9).

The middle nasal concha covers the
middle meatus, with the ostiomeatal unit
(or complex) is the most complex region in
the lateral wall of the nasal cavity, repre-
senting the final common pathway for
drainage and ventilation of the frontal and
maxillary sinuses and the anterior and
middle third of the ethmoidal sinuses (Fig-
ures 2A and 2B)(1–9,17,19).

Anteriorly, the middle nasal concha is
adjacent to the medial wall of the agger
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nasi cell and to the upper extremity of the
uncinate process. Superiorly, it is attached
to the cribriform lamina and posteriorly is
fixed to the lateral wall of the nasal cavity
through the ground lamella (Figure 5). The
ground lamella is a lateral bony extent of
the middle nasal concha which fuses to the
lamina papyracea — a thin, smooth, oblong
plate which covers in the middle and pos-
terior ethmoidal cells and forms a large part
of the medial wall of the orbit posteriorly
to the ethmoid bulla(2,3,8,9).

The uncinate process is a thin, mucosal-
lined osseous prominence, with its superior
free edge forming the semilunar hiatus that
opens directly into the middle meatus.
Anteriorly, it originates the posteromedial
edge of the nasolacrimal duct. The in-
fundibulum is situated laterally to the unci-
nate process, connecting the maxillary and
ethmoidal sinuses ostia to the semilunar
hiatus. The inferomedial orbital margin
defines the lateral limit of the infundibu-
lum (Figure 2B)(1–8).

The semilunar hiatus is superiorly in-
volved by the ethmoid bulla, laterally by
the orbit, inferiorly by the uncinate process
and medially communicates with the
middle meatus. Laterally and inferiorly, the
semilunar hiatus communicates with the in-
fundibulum. The ethmoid bulla, generally
is formed by a single ethmoid air cell pro-
jecting inferomedially over the semilunar
hiatus (Figures 2A and 2B)(1–8).

The inferior meatus is situated below
the inferior nasal concha, the largest of the
three conchas, receiving the drainage of the
nasolacrimal duct which is seen on CT
axial sections(1–3).

The major draining ostia of the parana-
sal sinuses are:

1. The ostiomeatal unity, draining the
frontal, maxillary sinuses and anterior and
middle third of the ethmoid sinuses, and
including the frontal sinus ostium, frontal
recess, maxillary sinus ostium, infundibu-
lum, uncinate process, ethmoid bulla eth-
moidal, semilunar hiatus, middle nasal con-
cha nasal and meatus (Figures 2A and 2B).

2. The sphenoethmoidal recess drains
only the posterior third of the bilateral eth-
moid and the sphenoid sinuses (Figure
5)(1–9,17,18).

The nasal cycle is a physiological phe-
nomenon where each side of the nose al-

Figure 1. Axial CT image
shows the anterior cartilagi-
nous and posterior osseous
portions of the nasal septum
(arrows).

Figure 2. A: Coronal CT image shows superior, middle and inferior nasal conchas (arrows) and ethmoid bulla (arrowhead). B: CT coronal section shows unci-
nate process (large arrow), infundibulum (curved arrow), semilunar hiatus (small arrow) and ethmoid bulla (arrowhead).
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ternates through phases of congestion and
decongestion. This cycle takes from 20
minutes to six hours to run and its control
mechanism is still to be known (Figures 3A
and 3B)(1,16,20,21).

MRI demonstrates such alterations
through the increase in the signal intensity
of the mucosal lining during the edematous
phase of the nasal cycle, but this increase
is quite similar to the appearance of a mu-
cosal inflammation which usually presents
hyperintense signal on T2-weighted se-
quences. On the other hand, neoplasms
usually show intermediate intensity and
fungal conditions present hypointense sig-
nal on T2-weighted sequences(1,12–14,22–24).

The ethmoidal cells are present at birth
and continue to grow up to the puberty and
usually are divided into three groups: the
anterior, middle and posterior. The anterior
ethmoidal cells usually drain through indi-
vidual ostia opening into the infundibulum.
The middle ethmoidal cells usually drain
through the ethmoid bulla, or drain directly
into the semilunar hiatus, or through the
infundibulum and therefrom to the middle
meatus via the semilunar hiatus. The pos-
terior ethmoidal cells are those situated
between the ground lamella and the sphe-
noidal sinus, draining into the superior
meatus and, subsequently, into the spheno-
ethmoidal recess (Figure 5)(1,15,17,19,25).

The frontal sinuses vary in size and usu-
ally they are divided into left and right sides

by a thin bony septum, although there may
be other additional septa. They drain via the
nasofrontal duct into the frontal recess, a
narrowing between the frontal sinus and
the anterior middle meatus, generally situ-
ated in the anterosuperior portion of the
infundibulum, and continue through the
semilunar hiatus towards the anterior por-
tion of the middle meatus where it fuses to
the flow of the ipsilateral maxillary sinus
(Figure 4). Yet they may drain directly into
the middle meatus, above the infundibu-
lum(1,2,15,17,19,25).

The sphenoidal sinuses are the most
posterior paranasal sinuses. Generally, they
can extend as far as the clivus and are
posterosuperiorly limited by the sella tur-
cica. Their ostia are medially located in the
anterosuperior portion of the anterior wall
of each sinus, communicating with the
sphenoethmoidal recess in the posterior
portion of the superior meatus. The spheno-
ethmoidal recess is situated very laterally
to the nasal septum and sometimes may be
visualized on coronal sections although
they may be better visualized on sagittal
and axial sections (Figure 5)(1,15,17,19,25).

The maxillary sinuses are the first
paranasal sinuses to develop and commu-
nicate with the middle meatus through the
maxillary ostium and, subsequently,
through the infundibulum and semilunar
hiatus. They may extend laterally towards
the zygoma and/or inferomedially towards

the hard palate. Frequently, sinuses are
asymmetrical in size and shape (1,15,17,19,25).

Anatomically, paranasal sinuses are in
close contact with the anterior cranial
fossa, the cribriform plate, the internal ca-
rotid arteries, the cavernous sinuses, the
orbits and the optic nerves in their exit from
the orbits(1).

ANATOMICAL VARIATIONS AND
CONGENITAL ABNORMALITIES

Although the nasal anatomy presents
many differences among individuals, cer-
tain anatomical variations are usually ob-
served in the general population and most
frequently are seen in patients presenting
chronic inflammatory conditions. The rel-
evance of a particular anatomical variation
is determined by its relationship with the
ostiomeatal channels and the nasal pas-
sages. Main variations are the following:

Variations of the middle nasal concha

• Concha bullosa – It is an aeration of
the nasal concha, which may be uni or bi-
lateral. The middle concha is most fre-
quently affected and the middle meatus or
infundibulum may be obstructed. Less fre-
quently, aeration of the superior concha
may occur, while in the inferior concha it
is not frequent. Concha bullosa also may
include polyps, cysts, pyoceles or muco-
celes (Figure 6A).

BA
Figure 3. A: Coronal CT image shows enlarged middle and inferior nasal conchas at left (arrows). B: Coronal, T2-weighted magnetic resonance image shows
hyperintense enlarged middle and inferior nasal conchas at left (arrows). Such finding are considered as normal and attributed to the nasal cycle.
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• Middle paradoxical concha – Gener-
ally, the middle concha buckles and folds
inward, with the resultant curve pointing
toward the septum, but its major curvature
may project toward the lateral sinus wall,
narrowing the middle meatus and the in-
fundibulum — this variation is called
middle paradoxical concha (Figure 6B).

Uncinate process variations

• The uncinate process may present me-
dial deviation, affecting the middle meatus,
or lateral deviation, obstructing the semi-
lunar hiatus and/or infundibulum.

• Less frequently, spiraling of the unci-
nate process may occur, obstructing the
middle meatus.

• The uncinate process tip may fuse to
the orbital floor or to the inferior portion
of the lamina papyracea which is known as
atelectatic uncinate process — this varia-
tion usually is associated with hypoplastic
maxillary sinus, usually presenting ipsilat-
eral opacification due to the closure of the
infundibulum.

• Aeration of the uncinate – This anom-
aly expands the width of the uncinate, thus
potentially compromising the infundibu-

lum. Functionally, it acts as a concha
bullosa or enlarged ethmoid bulla. It is not
a frequent anomaly.

Ethmoid variations

• Haller air cells – They occur along the
inferomedial orbital wall, in the region of
the maxillary sinuses ostia and may vary in
aspect and size and, when expanded, may
cause narrowing of the infundibulum.

• Giant ethmoid bulla – The giant eth-
moid bulla may be extremely pneumatized,
narrowing or obstructing the middle me-
atus and/or infundibulum.

Figure 4. Coronal CT image shows the frontal recess (arrows) and agger nasi
cell (arrowhead).

Figure 5. Axial CT image shows sphenoethmoidal recess (arrow) and ground
lamella (arrowheads).

Figure 6. A: Coronal CT image shows middle concha bullosa (curved arrow). B: Coronal CT image bilaterally shows middle paradoxical concha (arrows).
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• Agger nasi cells – They are the most
frequent ethmoid air cells, situated below
the frontal sinus, inferolaterally to the lac-
rimal sinus, and represent pneumatization
of the lacrimal bone through the extent of
anterior ethmoid cells (Figure 4). They are
situated anteriorly and superiorly to the
middle nasal concha insertion, along the
lateral nasal wall.

Hyperpneumatrization of the sphenoi-
dal sinus – The pneumatization of the sphe-
noidal sinus may extend into the anterior
clinoid processes and towards the clivus,
involving the optic nerves. In these cases,
the optic nerves present an increased risk
of surgical damage (Figure 7).

Medial protrusion of the lamina papy-
racea – It may be a congenital finding or a
result of a previous facial trauma. In this
case, the intra-orbital contents are at risk
during the surgical procedure.

Nasal septal deviation – It is an asym-
metrical curve that may ipsilaterally com-
press the middle nasal concha, narrowing
the middle meatus, possibly progress to
secondary inflammation and infection
(Figure 8)(1–4).

IMAGING METHODS

The purpose of the radiological evalu-
ation of paranasal sinuses and related struc-
tures is to achieve the most possible precise
description of the regional anatomy and to
determine the presence and extent of a con-
dition(1,22).

Plain films are widely available, how-
ever they pose very little use in surgical
planning (1,3,22).

MRI allows an excellent visualization
of soft tissues, but bone walls and paranasal
sinuses ostia are not adequately demon-
strated(11,12,22).

CT provides the most useful surgical
information both on bone and soft tissues,
remaining as the method of choice for
evaluation of the presence or extent of con-
ditions in paranasal sinuses. Coronal, 3-
5mm thick slices, perpendicular to the hard
palate, allow an optimal visualization of the
ostiomeatal complex, besides simulating
the plane seen by the endoscopist. CT scans
are performed with the patient in prone
position with his/her head fully extended
in order to allow that the fluid is deposited
on the maxillary sinus floor, avoiding a
false obliteration of the ostiomeatal com-
plex(1,3,6,22).
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