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Introduction:

The anatomy of the paranasal sinuses has

Background and Aim: The paranasal sinuses are known for their complex anatomy and
significant difference in size and shape. This study aimed to determine the prevalence of
anatomical variations of the paranasal sinuses in computed tomography (CT).
Materials and Methods: In this cross-sectional study, patients over 18 years of age,
who had undergone CT imaging in a private clinic, were screened for eligibility of par-
ticipation. After excluding the patients with evident sinus pathology in CT, 501 cases
were included. An experienced maxillofacial radiologist evaluated the CT images and
extracted the frequency of variations using a standardized data collection sheet. Kol-
mogorov-Smirnov test, independent samples t-test, and chi-square test were used for the
statistical analysis.

Result: Among the studied variations, septal deviation and Agger nasi, each with 336
cases (67.1%), and concha bullosa, with 240 cases (47.9%), were identified as the most
common anatomical variations of the paranasal sinuses. The uncinate bulla showed a
significant correlation with gender (P=0.036).

Conclusion: Considering the remarkable prevalence of some important variations,
which may increase the risk of complications in sinus surgery, CT evaluation of patients
is recommended before surgical interventions in the sinuses.
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The paranasal sinuses are developed by grad-
ual pneumatization of the solid tissue, resulting

always been an important area of research. Ac-
cording to previous studies, the proximity of
these sinuses to adjacent anatomical structures
can lead to considerable complications.? Com-
plete knowledge of anatomy can prevent poten-
tial complications during a nasal endoscopy. Sur-
geons must be aware of the anatomical variations
of the paranasal sinus.

from nasopharyngeal positive pressure created
through the Eustachian tube.®

It seems that anatomical variations of the si-
nuses appear early in life as a part of sinonasal
development.® Genetic diseases, environmental
conditions, and previous infections may affect
the development of the paranasal sinuses.>®
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There is considerable variation in the size and
shape of the paranasal sinuses. These differences
are even seen between the right and left sinuses
of a single individual. ?

Sinonasal imaging is often ordered due to in-
fections and allergic reactions in the area. Aware-
ness of natural pneumatization and development
course of the sinuses allows for proper investiga-
tion and treatment.

The limitation of plain radiography is in the
depiction of three-dimensional (3D) structures
on a 2D screen. Nowadays, the widespread use
of computed tomography (CT) and magnetic
resonance imaging (MRI) has allowed the more
precise evaluation of these anatomical structures
in the sagittal, coronal, and axial planes. CT of
the paranasal sinuses is the gold standard im-
aging modality in the diagnosis of the severity
and extent of inflammatory sinus diseases and
the investigation of anatomical details and vari-
ations.® CT scans provide valuable information
in the diagnosis of unusual sinus infections,
malignancies, and rhinosinusitis-associated
complications.

Another advantage of CT in sinonasal imag-
ing is the ability to display posterior structures
that are not visible using direct endoscopy.!?)
The anatomical position of the ethmoid cells in-
hibits the endoscopic evaluation of deeper struc-
tures, including the posterior ethmoid sinus, the
sphenoid sinus, and the ostiomeatal complex
(OMC), while a CT scan can provide precise in-
formation of these areas in the coronal and axial
sections."

It is common to find anatomical variations on

a CT scan. According to previous studies, two-
thirds of the CT scans of these areas report one or
more of these variations.
Anatomical variations of the paranasal sinuses,
especially in the OMC, have been emphasized
as a predisposing factor for sinus diseases.**?
These variations can lead to significant obstruc-
tions by narrowing fine drainage canals. How-
ever, as emphasized by Stammberger and Wolf,
variations do not themselves are an indicator of
disease. ¥

It is worth mentioning that anatomical
variations have a controversial role in the de-
velopment or persistence of paranasal sinus
diseases.” Certain anatomical variations of this
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area are of great importance due to their poten-
tial ability to obstruct the OMC and ventilation
canals because they can increase the risk of mu-
cosal diseases of the sinuses.!'? Consequently, the
lack of sufficient knowledge of these anatomical
conditions may lead to disease persistence or re-
currence.'?

Adjacent to the paranasal sinuses are vital
structures, such as the skull base, the optic nerve,
and the internal carotid artery. Certain anatomical
variations can potentially endanger patients’ safe-
ty during surgeries in this area, especially when
the surgeon is inexperienced.

There are differences in the prevalence of ana-
tomical variations of the paranasal sinuses in dif-
ferent ethnicities and populations.*%!5 Therefore,
it is beneficial to evaluate the prevalence of these
variations in the Iranian population.

The present study intended to investigate the
frequency of certain anatomical variations of the
paranasal sinuses using CT in Mashhad, Iran, in
2015.

Materials and Methods:

The Ethics Committee of Mashhad University
of Medical Sciences approved the study protocol
(approval date: October 14, 2015, approval code:
94/492259). All ethical considerations were ob-
served. The information was collected anony-
mously from the archived images of our radiol-
ogy center.

The sinonasal CT scans were taken at a private
radiology center using a Siemens SOMATOM
16-slice CT scanner (Siemens Healthineers, Ger-
many) with the following settings: 3mm thick-
ness, 0.5mm interval, and 120-kilovoltage peak
(kVp). Axial imaging was performed with the
gantry in a neutral position and the patient in a
supine position, while coronal imaging was per-
formed with the patient in a supine or prone po-
sition with an extended neck and a gantry angle
close to the coronal plane of the sinus.
Anatomical variations:

In our study, the presence of nasal septum devia-
tion was measured by a 4mm deviation from the
midline.®

A concha bullosa (middle turbinate pneuma-
tization) is a common finding on CT scans. It is
usually of slight clinical significance even though
it is associated with nasal septum deviation.“*>
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Agger nasi air cells are the furthermost anterior
ethmoidal cells located anterolateral and inferior
to the frontal recess and anterosuperior to the mid-
dle turbinate attachment.*>

Haller's cells are air cells underneath the
ethmoid bulla on the roof of the maxillary sinus
and the inferior portion of the lamina papyracea
and include air cells inside the ethmoid infundibu-
lum.“>

The Onodi cell is a posterior ethmoid air cell
that is located superior to the sphenoid sinus and
close to at least one optic nerve or internal carotid
artery. 7810

Paradoxical middle turbinate (usually bilater-
al), which is an infrequent cause of nasal block-
age, refers to an inferomedially curved edge of the
middle turbinate with the concave surface fronting
the nasal septum.10

The depth of the olfactory fossa is indicative of
the difference between the height of the cribriform
plate and the ethmoid roof (the vertical height of
the lateral lamella of the cribriform plate).®
Statistical analysis:

The statistical analyses were performed in
predictive analytics software (PASW, version 18;
SPSS Inc., Chicago, IL, USA) using one-sample
Kolmogorov-Smirnov test (the normality of age
distribution), independent samples t-test, and chi-
square test. A p-value less than 0.05 was consid-
ered significant.

Results:

The study participants included 501 patients
with a mean age of 39.19+14.61 years (age range:
18-90 years). The study sample consisted of 276
males (55%) with a mean age of 39.33+14.61
years (age range: 18-90 years) and 225 females
(45%) with a mean age of 39.01+ 14.64 years (age
range: 20-87 years). One-sample Kolmogorov-
Smirnov test showed that the age of the participant
had a normal distribution (P=0.17). An independ-
ent t-test showed no mean age difference between
the two genders (P=0.81).

According to previous studies, the statistical re-
sults of each anatomical variation were expressed
separately based on the location (right or left), uni-
laterally or bilaterally, and other characteristics.
Nasal septum deviation of more than 4mm from
the midline was observed in 336 cases (67.1%),
with 23 cases (4.6%) having a bilateral septum
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deviation, 117 cases (35.3%) having a right-sided
nasal septum deviation, and 182 cases (36.3%)
having a left-sided nasal septum deviation.

A concha bullosa was observed in 240 pa-
tients (47.9%), with unilateral concha bullosa in
120 (24%) patients and bilateral concha bullosa
in another 120 (24%) patients. Also, 169 (33.7%)
patients had a concha bullosa on the left side,
while 191 (38.1%) patients had a concha bullosa
on the right side. In the classification of the con-
cha bullosa by location, the total number of right
and left concha bullosa was 360, of which lamel-
lar concha bullosa was the most common type
with 208 cases (57.8%). Also, bulbous and ex-
tensive types, with 109 (30.3%) and 43 (11.9%)
cases, were the next common types, respectively.
A typical view of the three types of concha bul-
losa is presented in Figure 1.

Figure 1. Three types of concha bullosa in coronal
multidetector computed tomography (MDCT). (A)
Lamellart type. (B) Bulbousi type. (C) Bilateral
extensive* type.

Agger nasi cells, Haller’s cells, Onodi cells,
and paradoxical middle turbinate are shown in
Figure 2. Agger nasi pneumatization was ob-
served in 336 cases (67.1%), with bilateral Agger
nasi in 319 patients (63.7%). Right Agger nasi
was seen in 68 cases (13.6%), while left Agger
nasi was seen in 75 cases (15%). A typical view
of Agger nasi is presented in Figure 2. Haller’s
cells were observed in 98 patients (19.6%), of
which 45 cases (9%) were bilateral. The varia-
tion was observed on the right side in 68 cases
(13.6%) and on the left side in 75 cases (15%).
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A typical view of this variation is shown in
Figure 2. Pneumatization of the most poste-
rior ethmoid cells (Onodi cells) was observed
in 84 cases (16.8%). A typical view of the On-
odi cells is presented in Figure 2. Paradoxi-
cal middle turbinate was reported in 67 cases
(13.4%), which was unilateral in 44 patients
(8.8%) and bilateral in 23 (4.6%) cases. A
typical view of this variation is presented in
Figure 2. The depth of the olfactory fossa was
determined based on the Keros classification.

Figure 2. Other anatomical variations in coro-
nal views. (A) Agger nasi cells. (B) Haller’s cells.
(C) Onodi cells. (D) Bilateral paradoxical cur-
vature of the middle turbinate.

The depth of the olfactory fossa was 1-3mm
in 44 cases (8.8%; Keros I, Figure 3), 4-7mm
in 371 cases (74.1%; Keros II, Figure 3), and
more than 8mm in 86 cases (17.2%; Keros III,
Figure 3).

3B

Figure 3. Depth of the olfactory fossa
according to the Keros classification
(coronal views). (A) Keros 1. (B)
Keros I1. (C) Keros III.
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The frequency of each variation by gender is pre-
sented in Table 1 along with the correlation of the
variation with gender. According to these find-
ings, there is a correlation between the frequency
of the uncinate bulla and gender (P=0.036)

Table 1. Association of sinonasal anatomical varia-
tions with gender

Frequency within gender

Anatomical variation Male Female X )4
N (%) N (%)
Deviated nasal septum 194 (703%) 142 (63.1%) 2.576 108
Concha bullosa 138 (500%) 102 (45.3%) 903 342
Agger nasi cell 182 (65.9%) 154  (684%) 247 619
Haller’s cell 54 (196%) 44 (19.6%) 000 1.000

Paradoxical curvature of the

middle turbinate 3 (138%) 29 (129%) 024 876

Uncinate bulla* 34 (123%) 44 (19.6%)  4.403 .036*

Onodi cell 50 (181%) 34 (11%) 601 438

Depth of the olfactory fossa

‘Keros classification) 501 778

<eros I (1-3mm) 25 9.1%) 19 (8.4%)
<eros 1T (4-7mm) 201 (72.8%) 170 (75.6%)
<eros IIT (more than 8mm) 50 (18.1%) 36 (16.0%)
Discussion:

In recent decades, the therapeutic approach
to sinonasal diseases has undergone tremendous
advances. The progressive development of mini-
mally invasive surgical procedures, especially
endoscopic sinus surgery, is one of these impor-
tant advances. The therapeutic application of this
method has already shown brilliant outcomes.
(617 Nevertheless, surgical complications can
lead to permanent and dangerous consequences
due to the proximity of the paranasal sinuses to
the wvital structures, including the orbit and the
skull base. (¥

The paranasal region has a variety of anatomi-
cal variations. The role of these variations in the
development or progression of many regional
diseases is not well understood; however, being
aware of their presence, especially preoperatively,
is of great importance. Therefore, in the present
study, we intended to evaluate the anatomical
variations of the paranasal sinuses using spiral CT
scans in an Iranian population of 501 patients that
presented to a private imaging facility.
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Nasal septum deviation is a relatively com-
mon variation, which can be congenital or trau-
matic. The rate of this variation was 67.1% in the
present study, which was relatively comparable
to the results of the study by Talaiepour et al, in
Iran, with a rate of 63%."" The prevalence of this
variation has been reported to be 12%-58% in
other populations.®*2? Demographic differences
and different diagnostic criteria can explain some
of these differences. Nasal septum deviation can
be mild, asymptomatic, and without any compli-
cations; however, severe septum deviation can
block the airflow and manifest as nasal conges-
tion, noisy breathing during sleep, or epistaxis.
Moreover, severe septum deviation can lead to
hypoplasia of the ipsilateral turbinate or hyper-
plasia of the contralateral turbinate.®>

Another important variation evaluated in the
present study was the concha bullosa, with a
prevalence of 47.9% in our study. However, the
prevalence was 14%-80% in the literature with
a remarkable variation.®) Although some authors
only identify the vertical lamina pneumatization
or the lower bulb in the middle turbinate as a real
concha bullosa, we have considered all the cases
with this variation, regardless of the extent and
the location. The significance of the concha bul-
losa is that it limits the surgical field and may
lead to sinus diseases through the obstruction of
the OMC.

The Onodi cells are defined as the most poste-
rior ethmoid air cells, with a prevalence of 16.8%
in our study. However, the prevalence of this
variation was reported to be 7%-10.9% in other
studies.!31%2229 Given the proximity of this struc-
ture to the carotid canal and the optic nerve and
its relatively high prevalence in our study, it is
recommended to consider the presence of Onodi
cells before surgical interventions in this area to
prevent complications.

The study by Badawi et al, in a Sudanese
population, involved 29 males (47.5%) and 32 fe-
males (52.5%) with a mean age of 37 years. They
also did not find any correlation between gender
and the distribution of Onodi cells.®

The Agger nasi cell is the most anterior
ethmoid air cell and is located anterosuperiorly
relative to the middle turbinate.®® This vari-
ation is a landmark through which the surgeon
enters the frontoethmoidal recess during endo-
scopic sinus surgery. The prevalence was 67.1%
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in our study population; however, the preva-
lence of this variation was greatly different in
various populations and has been reported to be
3%-100%. (6,11,19,20,26)

Among the several variations evaluated in this
study, only the presence of a bulla in the unci-
nate process was significantly related to gender,
with 34 males cases (12.3% of male patients) and
44 female cases (19.6% of female patients). Our
findings were comparable to the results of the
study by Kayalioglu et al, indicating no signifi-
cant difference in the prevalence of major ana-
tomical variations between genders.??

On the other hand, the compatibility of our
results with another study of an Iranian popula-
tion confirms the potential role of ethnicity in the
prevalence of paranasal sinus variations.!”

The differences in the prevalence of some
anatomical variations among different ethnici-
ties have already been proven, including the
difference between Caucasian and Chinese eth-
nicities and among the three main racial groups
in Malaysia, including Malaysian, Indian, and
Chinese. ¢
In 1962, Keros studied the relationship between
the olfactory fossa and the ethmoid roof in 450
skulls.®” Keros generated a three-category clas-
sification system for the depth of the olfactory
fossa in relation to the ethmoid roof. This depth
is measured by “the vertical height of the later-
al lamella of the cribriform plate”, which is the
difference between the height of the cribriform
plate and the ethmoid roof. This depth is 1-3mm,
4-7mm, and 8-16mm in Keros type I, type I,
and type III, respectively.?” In our study, Keros
type II was observed in 74.1% of cases. This
finding was similar to the results of studies per-
formed by Babu et al (74.6%) and Madani et al
(53.2%). @82

Conclusion:

1.Nasal septum deviation of more than 4mm
from the midline was observed in 67% of cases,
with 4.6% patients having a bilateral septum de-
viation, 35.3% patients having a right-sided nasal
septum deviation, and 36.3% patients having a
left-sided nasal septum deviation.
2.A concha bullosa was observed in 47.9% of pa-
tients. The lamellar concha bullosa was the most
common type (57.8%). The bulbous and exten-
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sive types, with 30.3% and 11.9% cases, were the
next common types, respectively.

3.There was a correlation between the frequency
of the uncinate bulla and gender. This association
was not found between gender and the frequency
of other anatomical variations.
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