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Abstract Detailed knowledge of the anatomy of the nasal
cavity and paranasal sinuses is very important in the
diagnosis of pathological processes, planning of endo-
scopic surgery, and radiologic guiding techniques during
certain operations. Observational study. Clinic of Neuro-
surgery, Institute and Department of Anatomy and
Pathology, Clinic and Department for Otorhinolaryngology
and Maxillofacial Surgery, Faculty of Medicine. Two
heads with brains were serially cut in the axial and coronal
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planes. 73 individuals, who were enrolled among 1848
patients, underwent examination by multidetector com-
puterized tomography. A nasal septal deviation was seen in
65.8%, and septal pneumatization in 11%. Superior concha
pneumatization was observed in 1.4% of patients, middle
concha bullosa in 30.2%, and its hypoplasia in 1.4%. The
lamina papyracea dehiscence was also present in 1.4%. The
uncinate process was absent in 1.4%, and it was pneuma-
tized in 4.2%. Agger nasi cells were noticed in 34.3%, and
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Haller and Onodi cells in 20.7% each. The olfactory fossa
was shallow in 9.7%, deep in 31.6%, and very deep in
58.9%. Absence of the frontal sinus was seen in 9.7%. The
presellar type of the sphenoidal sinus was present in 11%,
the sellar in 35.7%, and the postsellar in 53.5%. Hypoplasia
of the maxillary sinus was revealed in 1.4%, and hyperp-
neumatization in 4.2%. The sinus floor was usually below
the level (60.3%), at the same level (20.7%), or above the
level of the nasal floor (19.2%). The bony septum within
the sinus was seen in 52.1%. The presented data are of a
great significance in order to avoid a misdiagnosis of the
anatomic variations, to make a proper diagnosis of certain
diseases, and for safe endonasal operations.

Keywords Paranasal sinuses - Rhinology -
Anatomic variations - Radiology - CT

Introduction

The pneumatic nasal cavity and the paranasal sinuses,
which are interconnected via certain ostia, have a complex
anatomic structure with some variations, as well as
important relationships with the adjacent regions of the
head and the intracranial contents [1-5]. Due to that, they
are a very important subject for radiologists, otorhino-
laryngologists, maxillofacial, oral and reconstructive sur-
geons, neurosurgeons, oncologists and some other medical
experts [4, 6-10]. Obviously, their anatomic features and
variations are of a great clinical significance related to
radiologic imaging, diagnosis and surgery
[2, 4, 6-9, 11-14].

However, a classical anatomic examination of the vari-
ations is risky and not completely reliable, especially when
making sections of dry skulls. It would be far better to use
complete heads for serial sections, but it is extremely dif-
ficult to provide such specimens, although we managed to
provide two heads for our study. Nevertheless, we decided
to use mainly a multidetector computerized tomography
(MDCT) in living individuals to search for anatomic fea-
tures, variations and anomalies. In general, MDCT, and
sometimes cone-beam CT, are the techniques of choice in
both healthy individuals and patients, particularly when
using algorithms for bones, and for soft tissues occasion-
ally [9, 15-17]. Only in some cases is magnetic resonance
imaging (MRI) necessary [7, 9, 11].

The aim of our study was to examine the standard
MDCT anatomy of the nasal cavity and paranasal sinuses,
but especially anatomic variations, anomalies and rela-
tionships, to compare certain scans with the corresponding
anatomic sections, and to perform the measurements of
these cavities. Virtually each variation will be documented
by the corresponding CT scans. Although certain anatomic
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variants revealed in our report are known to some anato-
mists, and many radiologists and otorhinolaryngologists,
comprehensive studies on this subject are still necessary
but relatively rare in the literature [3, 13, 18-22]. In
addition, some exceptional variants found in our study are
commonly presented only as case reports, and some others
were documented very infrequently, e.g. lamina papyracea
dehiscence, bilateral uncinate process agenesis, and pala-
tine and zygomatic recessuses of the maxillary sinus
[1-4,9, 13, 18].

Materials and Methods

The anatomic specimens will be first presented, and then
the examined patients and statistical analysis.

The Anatomic Specimens

We managed to get permission from the authorities of the
Institute of Anatomy and Pathology for two heads to cut
them off from cadavers. The vascular system of the heads
with brains was washed out with isotonic saline solution,
injected then with a 10% formaldehyde solution, and fixed
in the same solution for three months. Thereafter, both
heads were put into a deep freezer for two weeks at minus
25% C. One of the heads was than serially cut in the axial
plane, and the other one in the coronal plane. Sections were
made at every 20 mm using a high speed circular electric
saw. Each slice was carefully washed out, some elements
were slightly dissected, and then the axial sections were
photographed from the inferior aspect, and the coronal ones
from the anterior aspect. The sections were compared to
the corresponding MDCT scans of our patients.

The Examined Patients

Among the 1848 individuals, studied by MDCT for various
indications during 6 months, i.e. from February to July
2020, we enrolled 73 with anatomic variations of the nasal
cavity and paranasal sinuses. It is obvious that patients
were randomly selected, meaning that they belong to a
heterogeneous group and that their variations were
revealed coincidentally. Each patient had the necessary
personal record, otorhinal and general examination, and
corresponding biochemical analyses, in the addition to the
MDCT scans of individuals in the selected group. All serial
MDCT sections were analyzed in each patient.

We used for radiologic examination Siemens Somatom
Definition AS 128-slice scanner (rotation time 0.5 s, pitch
0.5, slice thickness 0.6 mm, 120-140 kV interval, manual
260 mA, noise index 3). Linear measurements of certain
parameters were performed in 3 planes (axial, coronal and
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sagittal) using standard software installed in the MSCT
equipment.

All human studies have been approved by the Ethics
Committee of the Clinical Center and the University Fac-
ulty of Medicine. An informed consent had been provided
from each of the 73 individuals.

Statistical Examination

The statistical analysis comprised descriptive methods, i.e.
the minimum, maximum, mean value, and standard devi-
ation (SD). All percentages were counted in the 73 patients.
Analytical statistics was also used, i.e. the Student t and the
Chi-Squared test. Analysis of data was made by usage of
the SPSS v. 20.0 software (Chicago, Illinois). The statis-
tical significance was noted if a counted value reached
p<0.05.

Results

Among the 1848 examined patients, 73 (4%) were noted to
have various anatomic variations, either one or more of
them. Clinical data regarding the 73 patients will be first
presented, followed by a short anatomic description of the
nasal cavity and sinuses, along with the observed variations
and anomalies, including certain measurements of these
pneumatic cavities.

Clinical Analysis

The group of the 73 patients consisted of 29 males and 44
females (p<0.001), who averaged 59416.65 years of age,
with a range from 20 to 91 years. Of them, 60.3% had
arterial hypertension and 20.7% suffered from diabetes
mellitus, whilst 58.9% were cigarette smokers, and 42.5%
consumed alcohol.

The patients were sent for an MDCT examination due to
certain symptoms and suspected diseases or disorders:
headache (64.4%), tinnitus (31.5%), other auditory or
visual disorders (28.8% each), vertigo or dizziness
(37.0%), facial pain (22.0%), nasal obstruction or secretion
(11.0% each), a previous lacunar stroke (8.4%), head
trauma (17.8%), or seizures (12.4%). Obviously, some of
them showed two or more symptoms or signs.

The MDCT of some patients revealed a mucosal
thickening of the nasal cavity (see later Fig. 1B, D-H), as
well as of the right and left ethmoidal cells (11.0% each),
the frontal sinuses (5.5% vs. 8.4%), the portions of the
sphenoidal sinus (13.7% vs. 19.2%), and of the right or left
maxillary sinuses (34.3% vs. 35.7%) (see later Fig. 4A),
including the middle (8.4% vs. 11.0%), but also the inferior
conchae (57.6% vs. 58.9%) (see later Fig. 4E-G). Tumors

were diagnosed in 2.8% of the 73 patients. As regards the
entire group of 1848 examined patients, some of them
showed only a slight degree of septal deviation, so that they
were not included into the group of the 73 selected patients.

Nasal Cavity

The nasal cavity, which is surrounded by the paranasal
sinuses, is divided into two halves by the osseous and
cartilaginous nasal septum. Only two variations were found
here. First, a septal deviation (Fig. 1A), noticed in 65.8% of
the MDCT scans, which was most often oriented to the left.
In some cases, a bony spur was observed at the most
prominent part of a deviation. Second, pneumatization,
which occupied the upper part of the septum (Fig. 1B), was
present in 11.0% of patients.

The inferior wall of the cavity represents the hard palate
(Fig. 1B, C), almost without variations in our study. The
superior wall separates the nasal cavity from the anterior
cranial fossa (Fig. 1C). In addition to the anterior aspect of
the sphenoid body, it is mainly formed by the cribriform
plate, partially divided into two parts by the crista galli, and
two olfactory fossae above the plates on each side
(Fig. 1C), which are described in the next passage.

The lateral wall, that borders the maxillary sinus and the
orbit (Fig. 1A-D), was made up of the nasal surface of the
maxilla and its frontal process, the lacrimal bone, the
inferior concha, the ethmoidal labyrinth and the perpen-
dicular plate of the palatine bone. The labyrinth contains
the ethmoidal cells with two attached conchae and two
meatus (Fig. 1B, C), including infundibulum with several
sinus ostia described in the next passages.

Ethmoidal Sinus

It mainly consists of a relatively large number of the
interconnected air cells (Fig. 1B-D) usually divided into
the anterior and posterior groups (Fig. 2A). The largest of
them is the ethmoidal bulla, which is mainly located pos-
terior to the uncinate process, forming with it the semilunar
hiatus (hiatus semilunaris). To the medial part of the eth-
moidal labyrinth, the superior and middle conchae are
attached which form the superior and middle meatus, like
the isolated inferior turbinate (Fig. 1B). A thin lateral part
of the labyrinth, bordering the orbit, represents the lamina
papyracea (Figs. 1C, D, 2A). The cribriform plate and the
crista galli form the roof of the nasal cavity (Fig. 1C). All
the mentioned portions can have certain anatomic
variations.

A dehiscence of the lamina papyracea was revealed
bilaterally in one patient (Fig. 2B). As regards the uncinate
process, its agenesis was found in one patient bilaterally
(Fig. 2C). In another case, a pneumatization of the right
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Fig. 1 A: nasal septum deviation (larger arrow), maxillary sinus (1)
and pterygopalatine fossa (smaller arrow) in axial MDCT image. B:
nasal septum pneumatization (larger arrow) with mucosal thickening
in coronal MDCT image, maxillary sinus (1) and alveolar recess (2).
C: coronal anatomic section of head to show ethmoidal and maxillary
sinuses, and nasal cavity. Note superior (1), middle (2) and inferior
frontal gyri (3), superior levator palpebrae and superior rectus
muscles (4), superior obliquus (5), lateral rectus (6), medial rectus (7)
and inferior rectus muscles (8), and temporalis (9) and masseter
muscle (10), mandible (11) tongue (12), inferior concha (13), hard
palate (14), nasal septum (15), right maxillary sinus (16) superior
concha (17), olfactory bulb in the olfactory fossa (18), ethmoidal air
cells (19), optic nerve (20), ophthalmic artery (21), straight gyrus
(22), orbital gyri (23), falx cerebri (24), and superior sagittal sinus

(25). D: axial anatomic section of head presenting ethmoidal and
sphenoidal sinuses, the latter being hypoplastic on the right side. Note
periorbital tissue (1), temporalis muscle (2), internal acoustic meatus
(3), facial, intermediate and vestibulocochlear nerves (4), tympanic
cavity (5), flocculus (6), sigmoid sinus (7), fourth ventricle (8),
dentate nucleus (9), left cerebellar hemisphere (10), vermis (11),
middle cerebellar peduncle (12), basilar artery (13), abducent nerve
(14), external acoustic meatus (15), trigeminal ganglion within the
Meckel’s cave (16), right internal carotid artery (17), and left artery
(asterisk) close to the left part of the sphenoidal sinus, greater wing
(18), right portion of the sphenoidal sinus with an asymmetric septum
(19), ethmoidal air cells (20), eyeball (21), and nasal septum (arrow)

Fig. 2 Upper row showing ethmoidal variations in axial (A and B)
and coronal MDCT images (C and D); A: normal lamina papyracea
(1), anterior (2) and posterior ethmoidal cells (3), and sphenoidal
sinus (4) with two ostia (arrows). B: bilateral lamina papyracea
dehiscence (arrows) and unpaired sphenoidal sinus (*); C: bilateral
absence of uncinate process (arrows) and its pneumatization (arrow in
D), maxillary sinus (1) with zygomatic recess bilaterally (¥),
maxilllary ostium (2), semilunar hiatus and ethmoidal infundibulum
(3), and alveolar recess (x). Lower row shows coronal MDCT images.

@ Springer

E: conchae hypoplasia (arrows), sphenomaxillary plate (1), palatine
recess (2), and a molar tooth root prominence (arrowhead). F:
superior concha bullosa (arrow) and agger nasi cells (1). G: bilateral
middle conchae bullosae (asterisks), crista galli (1), left olfactory
fossa (2), and mild hypoplasia of the maxillary sinuses. H: a Haller
infraorbital cell (asterisk) and alveolar recess (x). I: Onodi cells
(asterisks) above epipharynx (1)
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uncinate process was seen (Fig. 2D), whilst in two others a
bilateral pneumatization was present, which is 4.2% alto-
gether (Table 1). A lateral or medial deviation of the
uncinate process was occasionally observed (Table 1).
The conchae (turbinates) were normally developed in
the majority of patients (Figs. 1B, C, 2C D). However, in
one of them, hypoplasia was noticed (Fig. 2E). Pneumati-
zation of the superior concha was found in 1.4% (Fig. 2F).
On the other hand, the middle concha pneumatization, i.e.
the concha bullosa, was noticed in 30.2%, either unilater-
ally or bilaterally (Fig. 2G, H) (Table 1). A paradoxical
curvature of the middle concha was rarely observed

(Table 1). A secondary middle turbinate and pneumatiza-
tion of the inferior concha were not found, but only
hypoplasia of the latter (Fig. 2E).

Pneumatization of the ethmoidal sinus may extend
anteriorly, laterally and posteriorly. In the first case, the
agger nasi cells appeared, usually at the level of the
lacrimal bone, i.e. along or close to the orbit and the frontal
recess (Fig. 2F). These cells were present in 34.3%, most
often bilaterally (Table 1). In lateral pneumatization, Haller
cells were noticed in 20.7% (Table 1) below the medial
part of the roof of the maxillary sinus (Fig. 2H). Posterior
pneumatization was expressed as Onodi cells (Fig. 21), with

Table 1 The anatomic variations and anomalies of the paranasal sinuses

Sinuses’ portions Anatomic variations & anomalies Sinuses’ percentages: Patients’
- - - percentages
Right Left Bilateral
Ethmoidal Conchae Superior concha bullosa 1.4 0.0 0.0 1.4
Pneumatization, Middle concha bullosa 15.1 11.0 4.1 30.2
Development, Hypoplasia 0.0 1.4 0.0 1.4
Variations Paradoxical curvature 0.0 2.8 0.0 2.8
Uncinate process Agenesis 0.0 0.0 1.4 1.4
Variations Deviation 2.8 4.1 2.8 9.7
Ant. Pneumatization, Pneumatization 1.4 0.0 2.8 4.2
lat. Pneumatization, Agger nasi cells 4.1 5.5 24.7 343
post. Pneumatization Haller cells 11.0 8.3 1.4 20.7
Lamina papyracea Onodi cells 8.3 8.3 4.1 20.7
Crista galli Dehiscence 0.0 0.0 1.4 1.4
Olfactory fossa Pneumatization /* / / 8.3
Keros type 1 1.4 1.4 6.9 9.7
Keros type 11 2.8 4.1 24.7 31.6
Keros type III 5.5 6.9 46.5 58.9
Frontal Pneumatization Absence 2.8 5.5 1.4 9.7
Development Hypoplasia 0.0 1.4 0.0 1.4
Sphenoidal Development Agenesis 1.4 0.0 0.0 1.4
Pneumatization - Hypoplasia 1.4 0.0 1.4 2.8
Pterygoid process Presellar type, 1.4 2.8 6.8 11.0
sellar type, 2.8 2.8 30.1 35.7
Postsellar type 2.8 4.1 46.6 53.5
Hyperpneumatization 1.4 1.4 13.7 16.5
Pneumatization 2.8 4.1 1.4 8.3
Maxillary Development Hypoplasia 1.4 0.0 2.8 4.2
Pneumatization Hyperpneumatization 1.4 1.4 1.4 4.2
Recessuses Frontal, 1.4 2.8 0.0 4.2
Additional structures zygomatic, 1.4 1.4 2.8 5.6
Alveolar, 13.7 12.4 8.3 34.4
Palatine 0.0 0.0 14 14
Bony Septa 17.8 19.2 15.1 52.1
Sphenomaxillary plate 5.5 6.9 1.4 13.8

*Unpaired structure
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the same incidence, situated just in front of the sphenoidal
sinus, but often in contact with its anterior wall.

The superior part of the ethmoid bone comprises the
crista galli and the cribriform plates with the olfactory
fossa on both sides (Figs. 1C, 2G). The crista galli was
partially or completely pneumatized in 8.3% of the patients
(See later Fig. 4E). The mentioned fossa, which contains
the olfactory bulb (Fig. 1C), showed great variations in its
depth. It was shallow in 9.7% on average, deeper in 31.6%,
and very deep in 58.9% (Table 1). The straight gyrus is
located just superior to the fossa and the bulb (Fig. 1C).

Frontal Sinus

This sinus is situated in the inferior and medial region of
the squamous part of the frontal bone, between the external
and internal tables (Fig. 3A). It is in close proximity to the
nasal cavity, the orbit and intracranial contents (Fig. 1C.
See later Fig. 3E-G). Two portions of the sinus were

separated by a bony septum which is usually close to the
midsagittal plane. The sinus measurements were presented
in Table 2.

Hypoplasia of the left frontal sinus was seen in one
patient (Table 1). Hyperpeumatization was not observed.
Lack of pneumatization was present in 9.7% of individuals
(Table 1), either unilaterally (Fig. 3A) or bilaterally
(Fig. 3B). A secondary septation of the right or left sinus
was not found.

As regards the drainage system, the inferior part of the
sinus contains the funnel-like frontal recess on each side,
previously known as the nasofrontal duct. The recess
commonly opens into the anterior part of the ethmoidal
infundibulum (see later Fig. 4A).

Sphenoidal Sinus

This unpaired sinus, which has a bony septum and hence
two portions (Figs. 1D, 3C), is located just posterior to the

Fig. 3 Frontal and sphenoidal sinuses variations in coronal (A and D)
and axial images (B and C) in upper row. A: right frontal sinus (1) and
lack of pneumatization (2). B: absence of both frontal sinuses
(asterisks); C: sphenoidal sinus (1) with its septum (arrow) and
ethmoidal air cells (2); D: coronal anatomic section through the
sphenoidal sinus. Note superior (1), middle (2) and inferior frontal
gyri (3), Sylvian fissure (4), insula (5), claustrum (6), middle temporal
gyrus (7), supraclinoid internal carotid artery (8), oculomotor,
trochlear and abducent nerves (9), trigeminal ganglion and internal
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carotid artery (10), longus capitis muscle (11), common carotid artery
(12), sphenoidal sinus (13), pituitary gland (14), optic chiasm (15),
cavernous sinus (16), septal region (17), middle cerebral artery (18),
nucleus accumbens (19), septum pellucidum (20), putamen (21),
internal capsule (22), caudate nucleus (23), lateral ventricle (24),
corpus callosum (25), and cingulate gyrus (26). Lower row:
parasagittal MDCT sections of sphenoidal sinus (1) and hypophyseal
fossa (2) showing presellar (E), sellar (F), and postsellar type (G)
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Table 2 Measurement values of the paranasal sinuses maximum diameters in the MDCT scans

Sinuses: side, diameters Minimum (mm)

Maximum (mm)

Mean value (mm) Standard Deviation (SD)

Right frontal Width 0*
Depth 0
Height 0
Thickness** 0
Left frontal Width 0
Depth 0
Height 0
Thickness 0
Right sphenoidal Width 14
Depth 13
Height 15
Left sphenoidal Width 11
Depth 14
Height 15
Right maxillary Width 18
Depth 27
Height 32
Left maxillary Width 25
Depth 28
Height 35

94 43.62 19.51
26 13.47 5.11
53 18.67 8.81
9 4.23 1.86
104 46.16 19.44
32 15.22 5.96
59 21.52 9.55
9 4.14 2.00
71 29.14 13.14
60 38.27 10.13
63 32.88 9.78
73 28.32 10.56
69 37.70 12.21
75 33.30 10.37
115 48.47 12.52
131 52.70 13.20
118 64.66 17.21
122 47.16 13.29
137 52.64 14.35
119 64.21 15.97

*Absence of pneumatization

**Thickness of the anterior wall

Fig. 4 A: Coronal MDCT section of normal maxillary sinuses (1),
maxillary ostium (2) and semilunar hiatus opening into ethmoidal
infundibulum (x) close to uncinate process (larger asterisks),
ethmoidal air cells (3), and frontal sinus (4) with frontal recess
(smaller asterisk). B: axial MDCT image showing maxillary sinuses
(1), right zygomatic recess (arrow) and pneumatization of left
pterygoid process (asterisk); C: axial MDCT image of left maxillary

ethmoidal cells (Figs. 2A, B, 3C) and the superior concha,
and the sphenoethmoidal recess in between.

The anterior wall of the sinus, which is the posterior part
of the superior wall of the nasal cavity, has a right and left
draining ostium, usually lying close to the midline
(Fig. 2A). The mentioned intrasinus septum occasionally
shows a deviation (15.1%) (Fig. 3C), or a left or right
parasagittal position, thus causing an asymmetry of the two
sinus lumina, or a unilateral hypoplasia (Fig. 1D). An

sinus hypoplasia (asterisk), and normal left sinus (1). D: Parasagittal
MDCT section of maxillary sinus (1) with a bony septum (arrow) and
root apex (2) of a molar tooth in contact with sinus floor. E: coronal
MDCT image presenting obstruction of right maxillary ostium
(arrow) and opacification, i.e. a retention mucous cyst (1), of right
maxillary sinus, and normal left maxillary sinus (2). Note pneuma-
tization of crista galli (3)

unpaired sinus was present in one patient (Fig. 2B)
(Table 1).

The lateral wall is in relationships with the optic nerve,
the superior orbital fissure and the cavernous sinus con-
taining certain cranial nerves (the oculomotor, trochlear,
abducent and ophthalmic), the internal carotid artery and
the temporal lobe (Figs. 1D, 3D), and posteriorly with the
petrous apex, abducent nerve, trigeminal ganglion, clivus,
and the brain stem (Figs. 1D). The superior wall is just
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below the sella turcica and the pituitary gland (Fig. 3D-G).
The posterior wall usually merges with the basilar part of
the occipital bone. The inferior surface, which anteriorly
forms the superior margin of the choanae, is located just
above the roof of the nasopharynx or epipharynx (Fig. 3E-
G).

The sinus variations were mainly related to its
pneumatization. According to the extent and relationships
with the sella turcica, three main types of pneumatization
can be distinguished (Table 1). First, the presellar and
conchal type (Fig. 3E), situated just in front of the tuber-
culum sellae, which was present in 11.0% (Table 1). Sec-
ond, the sellar type (Fig. 3F), below the tuberculum sellae,
that was observed in 35.7% of the cases. The third or the
postsellar type (Fig. 3G), lying mainly inferior and poste-
rior to the tuberculum, had an incidence of 53.5%
(Table 1).

Hyperpneumatization of the right or left portion of the
sinus was usually related to the postsellar type in some
patients (16.5%) (Fig. 3G). It can involve the planum
(jugum) sphenoidale, the anterior clinoid process, a region
of the sella turcica, including the dorsum sellae (Fig. 3G),
the anterior clinoid process, and the clivus, as well as the
basilar part of the occipital bone in certain patients.
Pneumatization was also observed to involve the pterygoid
process in 8.3% (see later Fig. 4B), either on one or both
sides (Table 1).

Macxillary Sinus

The right and left sinuses (Highmore’s antrum) are situated
directly lateral to the nasal cavity, superior to the oral
cavity, and inferior to orbit, sharing with them the same
walls, as well as inferolateral to the ethmoidal air cells
(Figs. 1C, 2C-H). The common medial wall contains the
middle and inferior turbinates attachment, and the drainage
opening, i.e. the ostium of the maxillary sinus (Figs. 2D,
4A), as well as the anterior or posterior fontanella inferi-
orly. The maxillary ostium terminates into the ethmoidal
infundibulum via the semilunar hiatus. This opening is
extremely large in the case of the uncinate process agenesis
(Fig. 2C). Finally, the sinus is in close proximity to the
nasolacrimal duct (Fig. 4B).

The superior wall of the sinus is the orbital floor with the
infraorbital groove and canal (Figs. 1C, 2C-H), and par-
tially with Haller cells in some patients (Fig. 2H). In the
medial part of the wall, pneumatization of the frontal
process was seen in 4.2% (Table 1). Between the upper part
of the maxillary cavity and the ethmoidal sinuses, there
was the so-called sphenomaxillary plate in (Fig. 2E)
(Table 1). The anterior wall of the maxillary sinus forms
the face skeleton (Figs. 1A, 4B) and contains the canalis
sinuousus with the anterior superior alveolar nerve and
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vessels, as well as the infraorbital foramen. The posterior
wall is a part of the pterygopalatine fossa (Figs. 1A, 4B),
mainly containing the maxillary nerve, its branches, and
twigs of the maxillary artery. The posterolateral wall forms
the anterior wall of the infratemporal fossa with the
pterygoid muscles, branches of the mandibular division and
maxillary artery, as well as the venous plexus (Figs. 1A,
4B). The zygomatic recess (Figs. 2D, 4B) was present here
in 5.6% (Table 1).

This sinus floor was below the level of the nasal cavity
in 60.3% (Figs. 1C, 2C-F), at the same level in 20.7%
(Fig. 2D, right), or above that level in 19.2% (Fig. 2G). In
the former case, the alveolar recess was often present
(Figs. 1B, 2D, H) (Table 1). On the other hand, the palatine
recess was seen bilaterally only in a patient with hypoplasia
of the two conchae (Fig. 2E) (Table 1). In some cases
(22.0%), the root apices were in contact with the sinus floor
(see later Fig. 4D) or within its lumen (Fig. 2E).

Hypoplasia of the sinus was found in 4.2% (Figs. 2G,
4C) (Table 1). Hyperpneumatization was also observed in
4.2%. In many patients (52.1%), a bony septum was almost
equally present in the right and left maxillary sinus,
respectively (Table 1). The septum arose from the sinus
floor and extended vertically (Fig. 4D), obliquely, or rarely
horizontally. In the former case, the septum occasionally
reached the sinus roof (Fig. 4D).

Morphometric Examination

Measurements of the frontal, sphenoidal and maxillary
sinuses were performed. The maximum width, height and
depth, i.e. the anteroposterior diameter, are presented in
Table 2, along with the thickness of the anterior wall of the
frontal sinus.

Significant differences were observed regarding gender
and certain sinuses diameters. Thus, the maximum width of
both maxillary sinuses was greater in males than in females
(p = 0.003), as was the maximum depth of the left frontal
sinus (p = 0.012) and its maximum height (p = 0.045). It
was the same case with all diameters of the sphenoidal
sinus (p < 0.05).

Discussion

The nasal cavity and paranasal sinuses have been examined
since the time of the ingenious Leonardo da Vinci until
nowadays [1, 3, 4, 10, 18]. This is especially true in the last
few decades due to the development of new imaging and
surgical techniques, primarily CT examination and endo-
scopic surgery, which require more detailed knowledge of
the anatomy of  these pneumatic cavities
[1,4,8,9, 12, 13, 18]. This knowledge is mainly provided



Indian J Otolaryngol Head Neck Surg (December 2022) 74(Suppl 3):S4653-S4665

54661

by using MDCT, and rarely cone-beam CT or MRI
[9, 11, 13, 16, 18, 20, 22]. MDCT imaging is necessary for
making a proper diagnosis, a preoperative evaluation, fol-
lowing up corresponding therapeutic effects, and for cre-
ating a guiding technique during certain operations
[2, 4-9, 14].

The nasal cavity and the paranasal sinuses have a
complex structure and they belong to the upper airways,
and partially to the olfactory system [1, 3, 23]. Along with
their anatomic and functional unity, they are also involved
with similar pathological processes. For example, an
inflammation usually represents rhinosinusitis, and not
solely rhinitis or sinusitis [2, 6, 24]. Similarly, they are
often jointly affected by tumors or fractures of the face
bones and the anterior or middle cranial fossa [2, 7, 13, 25].

Standard Anatomy, Variations and Anomalies

The anatomic features will be presented separately for the
nasal cavity and each single paranasal sinus.

Nasal Cavity

This cavity develops embryologically from the nasal pit
and sac [26]. Of its four walls in adults, we found no
anomaly of the floor, but only two palatine recessuses
associated with conchae hypoplasia (Fig. 2E). Other
authors described certain malformations here, especially
the cleft palate in some infants, as a lack of fusion of the
right and left palatal shelves [26].

As regards the roof of the cavity, we noticed variations
(see later) of the olfactory fossa and crista galli, similar to
others [27, 28]. The choanae were normal in each indi-
vidual. Choanal atresia, usually caused by a persistent
oronasal membrane [26], was not present in our patients.
As for the lateral wall, which borders the maxillary sinus
and the orbit, it may contain some accessory ostia, espe-
cially the posterior fontanella, which is often associated
with chronic sinusitis [15]. Fontanellae were observed in
10-20% of healthy individuals, but in up to 40.5% of
patients with chronic sinusitis [13, 19].

Among the variants, a septal deviation was frequently
found (65.8%), which is less than in some reports (83.4%)
[18], probably due to the exclusion of a slight deviation in
some of the 1,848 patients. The septum pneumatization
was seen in 11.0%, which is more rare than in some groups
of patients (22.8%) [27]. It always affected the perpen-
dicular plate of the ethmoid bone [18]. This septal sinus
can drain into the nasal cavity or the sphenoidal sinus.

Ethmoidal Sinus

This is a complex structure consisting of 3—-18 small
(2-3 mm”) interconnected anterior and posterior air cells
separated by basal lamella within the ethmoidal labyrinth
[1, 3, 12]. The length of the labyrinth in adults is
40-50 mm, the height is 20-50 mm, the anterior width
5 mm, and the posterior width 15 mm [14].

The anterior ethmoidal cells, along with the maxillary
ostium, semilunar hiatus, ethmoidal infundibulum, unci-
nate process and frontal recess, are named as the ostio-
meatal complex or unit [19]. Some of the air cells in the
middle form the ethmoidal bulla, attached to the lamina
papyracea, which is rarely hypoplastic or absent, and
occasionally huge in size [11, 14]. There is the semilunar
hiatus between the bulla and the uncinate process [1].

The uncinate process can be attached to the medial
orbital wall (85%), middle turbinate, skull base, or com-
bined [1]. It is 34 mm in wide and 15-20 mm in length,
but it is sometimes enlarged or elongated [14]. Its agenesis
was very rare (1.4%), as well as its pneumatization
[13, 14], which was found in 0.4-6.26% of the cases,
compared to 4.2% in our patients (Table 1). All the men-
tioned variations can narrow the ethmoidal infundibulum
or the semilunar hiatus [14]. The uncinate process forms
the medial wall, and the lamina papyracea the lateral wall
of the ethmoidal infundibulum, which is about 40 mm in
length, and 5-12 mm in depth [1]. It is often the site of
inflammatory polyps [9].

The lateral bony plate of the ethmoidal labyrinth, i.e. the
lamina papyracea, which prevents an air outlet from the
ethmoidal cells into the orbit [1], was partially absent in
1.4%. Other authors found the spontaneous dehiscence
very rare [29]. In spite of this, dehiscence is clinically
important because it can be the site of the orbital contents
(Fig. 3) protrusion following trauma, and it can also cause a
spontaneous periorbital emphysema or infections sec-
ondary to acute ethmoiditis [9].

As regards the cribriform plate, the olfactory fossa
above it varied significantly in depth. Three Keros types
were distinguished: a shallow one, i.e. 1-3 mm (mean, 9.7
%), deeper, that is 4-7 mm (31.6%), or very deep, i.e.
8—16 mm (58.9 %) [27]. The latter type III was the most
frequent one in our study, similar to some other findings
[15], whilst in certain reports type II was predominant
[18, 28]. The right and left fossae were separated by the
crista galli, whose pneumatization was present in 8.3%,
compared with 16-29.8% in some other reports [27]. This
cavity can drain into the frontal or ethmoidal sinus.

The anterior extension of the air cells represent the
agger nasi cells, which were noticed in 34.3%. Their
incidence is extremely variable, i.e. from 10% to over 90%
of the cases [1, 13]. These cells, as well as the so-called
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supra-agger frontal cells and suprabullar cells, can enter the
frontal recess and even the frontal sinus, and thus com-
promise drainage of the sinus [30]. In this cases, pneu-
mosinus dilatans may occur.

In the case of lateral pneumatization, Haller’s cells
appear inferomedial to the orbital floor (Fig. 4), i.e. just
bellow the roof of the maxillary sinus [1, 11, 13, 19]. They
can drain into the maxillary sinus or into the infundibulum.
We observed these cells in 20.7% of patients, whilst other
authors found them in 10-45% [13, 19]. The cells can
compromise drainage of the maxillary sinus and cause a
recurrent maxillary sinusitis.

Posterior pneumatization is related to Onodi cells, close
to the sphenoidal sinus, the anterior cranial fossa, and the
optic canal and nerve. We noticed them also in 20.7%
(Table 1), compared to 8.0-50.8% in other reports [5, 13].
Their infection may cause the optic neuropathy, whilst
iatrogenic injury of the optic nerve here may occur during
sinus surgery with a consecutive blindness [13]. Finally,
widening of the posterior ethmoidal cells toward the
maxillary cavity (the ethmomaxillary sinus) is very infre-
quent (0.7-2.0%) [21].

As regards the superior concha, its pneumatization was
seen in 1.4% of our patients, but between 4.9% and 50% in
other reports [1, 13, 31]. The supreme concha, within the
sphenoethmoidal recess, is very rare. The middle concha
bullosa was present in 30.2% of our patients, which is very
similar to others’ data, i.e. 31.7% [13], but less than in
some other articles (49%) [18]. A smaller secondary mid-
dle turbinate within the middle meatus was seen in
0.8-6.8% [1]. The inferior concha bullosa is a very rare
event (0.6%) [18], as is its hypoplasia (Fig. 2E) and para-
doxical curvature.

Frontal Sinus

This sinus develops from the anterior ethmoid in the 16th
week of gestation [26]. Hypoplasia, noticed in one of our
patients, is a very rare event [30]. A lack of pneumatization
was present in 9.7% (Table 1), which is very similar to the
10.0-11.7% found by some authors [3, 30]. Hyperp-
neumatization, when present, may involve most of the
orbital part of the frontal bone, which can explain the
occurrence of meningitis or a frontal lobe abscess follow-
ing a frontal sinusitis in some patients [1].

In our group, the frontal sinus measurements where
somewhat larger than in other reports: the mean value of
the width was 26 mm versus 24.1 mm, of the depth 18 mm
versus 10.8 mm, and of the height 32 mm versus. 23.4 mm
[1, 27]. As already mentioned, some sinus diameters are
longer in males. The mean value of the sinus volume is
about 10 c¢m? [3].
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As regards the sinus septum, it is usually located close to
the midline. Its pneumatization occurs infrequently. In rare
cases (5.4-13.2%), the right or left sinus are separated into
a medial and lateral compartment by a secondary septation
[27, 32].

The frontal sinus drains via its funnel-shaped recess, i.e.
the nasofrontal duct, into the ethmoidal infundibulum
(Fig. 4A) or the middle meatus, but occasionally into the
maxillary sinus via the ethmoidal cells [14, 33, 34]. Most
often (85%), it drains medial to the uncinate process.

Sphenoidal Sinus

The sphenoidal sinus begins to develop in the 12th week of
gestation from the sphenoethmoidal recess [26]. The sinus
measurements (Table 2) were larger than in Hopkins’
anatomic study: width 18 mm, depth 21 mm, and height
20 mm, respectively [1], as well as in a radiologic report:
wide 17 mm, depth 23 mm, and height 20 mm [14]. On the
other hand, the mean sinus diameter in a recent article is
30.48 mm [16], which is similar to our results. The latter
authors also found a secondary sinus septation, which was
not observed in our study.

As regards the pneumatization, usually three main types
are distinguished: the presellar, seen in 11.0% of our
patients, sellar in 35.7%, and postsellar in 53.5%. Very
similar results are mentioned by some authors [18], i.e.
9.3%, 32.5% and 55%, respectively, but different in some
other reports: 7%, 57% and 38% [1]. It is obvious that the
sellar, and especially the postsellar types, were more fre-
quent [16]. There is also the conchal type of the sinus, i.e.
“a shallow anterior bowl with minimal pneumatization”
[18], which is not related to the sella turcica [16]. This type
was in combination with the presellar type in our patients.

The lack of pneumatization is very rare, i.e. less than
1%. On the other hand, hyperpneumatization sometimes
involves all parts of the sphenoid bone (Fig. 15c), portions
of the occipital bone, and even the atlas and axis [1, 16].
Hypopneumatization is usually related to the presellar and
conchal type, whilst hypoplasia or unpaired sinus are very
rare (Table 1).

Pneumatization of the pterygoid process was seen in
8.3% in our patients, compared to 13.3—-16.0% reported by
some authors, with a possible protrusion into the sphe-
noidal sinus of the pterygoid canal with the Vidian nerve,
and the foramen rotundum with the maxillary division
[5, 18]. There is also a protrusion of the optic canal
(0.1-19%) in the case of the clinoid process pneumatiza-
tion (17-23%), as well as of the carotid artery in 7% uni-
laterally and 16% bilaterally [13, 18].

The mean value of the sinus volume is about 10 cm®
[9, 16]. The sinus drains via two ostia (Fig. 2A) into the
sphenoethmoidal recess, and sometimes into the posterior
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ethmoidal cells, or even into the nasopharynx [34]. They
are round, oval or slit-like with a diameter ranging from 0.5
to 4.0 mm, and located 10-20 mm above the sinus floor
[14].

The anatomic relationships of the sinus explain the
possible complications of its inflammation: optic neu-
ropathy or oculomotor nerves damage, the cavernous sinus
phlebothrombosis or thrombophlebitis, the apical petrositis,
and the affection of Meckel’s cave with the trigeminal
ganglion [13].

A close proximity of the hypophyseal fossa may explain
the pituitary adenoma extension into the sphenoidal sinus,
or some sinus tumors spreading into the sella turcica
[7, 35]. The mentioned anatomic variations are very
important during sinus surgery or a transsphenoidal pitu-
itary approach, especially a bulging of the optic nerve or
the internal carotid artery into the sinus lumen [24]. A
iatrogenic injury of these two elements could result in
blindness and fatal hemorrhage, respectively [21].

Macxillary Sinus

The paired, largest paranasal sinus averages about 170 cm®
in volume [19]. It develops already in the 7th—10th week of
gestation as a diverticulum of the lateral nasal wall [26]. In
adults, this wall contains the maxillary ostium, 3—10 mm in
diameter, and 29 mm on average above the sinus floor [19],
which drains via the semilunar hiatus into the posteroin-
ferior part of the ethmoidal infundibulum [10, 12, 34]. The
latter hiatus is 1-20 mm in diameter [14]. In the case of its
obstruction, a mucous retention cyst can develop, as
noticed in two of the 73 patients (Fig. 4E). This drainage
pathway is very large in the case with agenesis of the
uncinate process, so that two large nasomaxillary cavities
are formed (Fig. 2C). The accessory ostia, particularly the
posterior fontanella, can be responsible for chronic max-
illary sinusitis [19].

There is sometimes the sphenomaxillary plate (14—18%)
between the maxillary and the ethmoidal or sphenoidal
sinus (Fig. 2E) [19]. This is why some authors make a
distinction between the ethmoidomaxillary and the sphe-
nomaxillary plate [15]. Due to its presence, “the sphenoid
sinus can be mistaken for posterior ethmoidal cells during
the transantral ethmoidectomy” [13], which may cause a
iatrogenic injury of the optic nerve or the internal carotid
artery.

The sinus of our patients averaged about 48 mm in width
(Table 2), which is more than in other reports, i.e.
25-35 mm [19]. It was about 64 mm in height, compared
to 36-52.5 mm in other articles [1, 14, 19], and about
53 mm in depth (Table 2).

Hypoplasia, which was present in 4.2% of our patients,
was observed by others in 7-10.4% [13, 15]. It can be

sometimes misdiagnosed as chronic maxillary sinusitis
[13]. Due to hypoplasia, orbital enlargement may appear
and the consecutive enophthalmus and hypoglobus [21].
Agenesis of the sinus and atrophy of the maxilla are very
rare events [19].

Hyperpneumatization was seen in 4.2% of our patients.
In some cases, pneumatization of the adjacent bony
structures, called recessuses, may involve the frontal,
zygomatic (Figs. 2D, 4B) or palatine processes (Fig. 2E) of
the maxilla (Table 1). Some of them are occasionally used
for an endoscopic surgical approach to the sinus [12, 19].
The involvement of the orbital wall (the infraorbital recess)
and the inferior wall (the alveolar and the palatine recess)
is occasionally present.

The roof of the sinus, which is in a relationship with the
orbit and the infraorbital canal, is situated about 10 mm
bellow the level of the cribriform plate [1]. Due to prolapse
of the mentioned canal, which occurs in 10.8%, its nerve
and vessels can be injured during endoscopic surgery [19].
The posterior wall of the sinus forms the pterygopalatine
fossa, whilst its posterolateral wall is the anterior border of
the infratemporal fossa, where the sinus tumors or infec-
tions can spread. There is an indirect communication of the
sinus with the oral cavity via the palatine foramina, with
the orbit via the inferior orbital fissure or occasionally
dehiscence or a thin-walled infraorbital canal, and with the
middle cranial fossa by means of the foramen rotundum
[1]. Due to that, an inflammation or a neoplasm from the
sinus can extend into those regions [7, 19].

The sinus inferior wall, with the alveolar recess (34.4%),
was below the nasal floor in 60.3%, at the same level in
20.7%, and above the level in 19.2% of our patients. This is
in agreement with data from some reports, i.e. 65%, 15%
and 20%, respectively [19]. The average distance between
the root apices of the posterior maxillary teeth and the sinus
floor is 7 mm in the region of the 2nd premolar, but only
2 mm above the roots of the 2nd molar [19]. According to
some other authors, the roots of the first (92.4%) and
second premolars (71.6%) penetrated into the sinus in
34.2%, and contacted the sinus floor in 36.7% of the
individuals [15], which is more often than in our patients
(22.2%). In any case, certain dental interventions can make
communication between the oral cavity and the sinus with
a consecutive development of the maxillary sinusitis
[6, 17, 19].

The intrasinus septa were present in 52.1% of our
patients, which is within the range of 5.5-58% reported by
others [15, 18]. Usually a single septum is present, and
rarely 2 or 3 of them in the same sinus, which are at least
2.5-3 mm in height. They are commonly found to originate
from the region of the 1st and 2nd molars. Some septa may
reach the orbital roof of the maxillary sinus (Fig. 4D).
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General Remarks

Certain discrepancies among various reported data
regarding anatomic variations of the maxillary and other
sinuses can be explained in three ways. First, due to a great
difference in the number, age and health conditions of the
examined patients. Second, due to various definitions of
some variations and different methods of examination, i.e.
anatomic or radiologic [21]. Third, caused by certain
national and ethnic differences [36]. There is a correlation
between certain variants and nasal and sinuses obstruction
and inflammation [13, 15, 22, 29, 30]. In any case, detailed
knowledge of the variations is very important in the radi-
ologic diagnosis of the sinus pathology, in a preparation for
endonasal surgery, and in radiologic guided interventions
[8, 9, 19].

Conclusions

A large number of anatomic variations and anomalies were
found in the nasal cavity and paranasal sinuses in 4% of the
1,848 patients: agenesis, hypoplasia, lack of pneumatiza-
tion, hyperpneumatization, dehiscence, deviation, vari-
ability of drainage systems, additional bony structures, and
the corresponding relationships, including the close prox-
imity of the posterior tooth root apices to the maxillary
sinus floor, and certain cranial nerves and the internal
carotid artery bulging in the sphenoidal sinus. Many of the
variants can narrow or obstruct the nasal cavity or sinus
ostia and thus cause acute or chronic rhinosinusitis. Some
of the variants can be misinterpreted as pathological
structures, and others can complicate the endoscopic sinus
surgery. In any case, the anatomy of the nasal cavity and
paranasal sinuses, examined by MDCT, is of a great clin-
ical significance.
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