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Evaluating the frequency of anatomical
variations of the sinonasal region in
pediatric and adult age groups according
to gender: computed tomography findings
of 1532 cases
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Abstract

Background: The aim of the present study was to evaluate retrospectively the frequency of anatomical variations
in sinonasal region, which were frequently seen in our cases, for whom coronal section paranasal computed
tomography imaging (CPNCT) was taken, as well as the correlation of these variations with age and gender and
correlations of identified anatomical variations with one another.
In the study, CBCT scans of a total of 1532 (825 males and 707 females) cases were evaluated in order to determine
the prevalence of anatomical variations of the nasal cavity and paranasal sinuses. All the images were taken by a
multi-detector CT device (Aquilion, Toshiba medical system, Tokyo, Japan).

Results: Most frequently detected three anatomical variations were septum deviation (79.7%), concha bullosa
(40.9%), and ethmoid bulla (21.0%) according to the frequency order. When the frequency of anatomical variations
was evaluated according to gender, septum deviation, concha bullosa, and anterior clinoid process pneumatization
were more frequently observed in males and Onodi cell in females (p < 0.05).
When the relationships of the anatomical variations with one another were evaluated, it was found that the
possibility of the presence of concha bullosa in the septum deviation cases and the presence of ethmoid bulla in
the cases with Haller cell septum were higher (p < 0.05).
In terms of the anatomical variations that were evaluated by taking age as the independent variable, a statistically
significant difference was observed in pterygoid process pneumatization, Haller cell, pneumatized crista galli,
ethmoid bulla, and paradoxical middle concha between the adult and children age groups (p < 0.05).

Conclusion: In terms of the frequency of occurrence to various sinonasal region variations, statistically significant
differences were observed between both genders and age groups. The correlations of the detected variations with
each other were also remarkable. Consequently, it is believed that comprehensive studies and serious objective
evaluations evaluating the change of frequency of anatomical variations according to age and gender besides their
correlation with each other are required.

Keywords: Anatomical variation, Computed tomography, Sinonasal region, Age and gender

© The Author(s). 2021 Open Access This article is licensed under a Creative Commons Attribution 4.0 International License,
which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if
changes were made. The images or other third party material in this article are included in the article's Creative Commons
licence, unless indicated otherwise in a credit line to the material. If material is not included in the article's Creative Commons
licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

* Correspondence: adembora2016@gmail.com
Department of Otolaryngology, Faculty of Medicine, Sivas Cumhuriyet
University, 58140 Sivas, Turkey

The Egyptian Journal
of Otolaryngology

Bora et al. The Egyptian Journal of Otolaryngology           (2021) 37:58 
https://doi.org/10.1186/s43163-021-00122-9

http://crossmark.crossref.org/dialog/?doi=10.1186/s43163-021-00122-9&domain=pdf
http://orcid.org/0000-0002-5036-0595
https://orcid.org/0000-0001-7505-8723
https://orcid.org/0000-0002-0447-1665
https://orcid.org/0000-0003-4503-3730
http://creativecommons.org/licenses/by/4.0/
mailto:adembora2016@gmail.com


Background
Traditional X-ray imaging methods are not recom-
mended in the current guidelines that are published for
the radiological evaluation of paranasal sinuses. If a diag-
nostic imaging study is required, it is recommended to
use modern computed tomography (CT). However,
today, the requirement of radiological imaging of para-
nasal sinuses in the diagnosis of sinus diseases is still
controversial [1]. In this regard, it is important to follow
certain guidelines to reduce the request for unnecessary
diagnostic imaging from the patients [2]. It should be
noted that CT imaging requests from the patients with-
out any justification will cause unnecessary radiation ex-
posure and increased cost to the healthcare system. CT
imaging is indicated when the medical treatment is not
successful, endoscopic sinus surgery is considered, or
there is any suspected malignancy. The studies have re-
vealed that CT imaging should be used in order to iden-
tify the anatomical variation and the disease pattern
before the surgery, especially in the cases to whom
endoscopic sinus surgery will be applied [3–6].
While different studies in the literature associate the

anatomical variations detected in the CT evaluation of
sinuses with specific sinonasal diseases or cystic fibrosis
and clinical diseases such as Kartagener syndrome, they
also reveal that significant anatomical variations can be
observed in the cases with no diseases [7]. Whether the
patient has a mucosal sinus disease or not, the presence
of at least one sinonasal anatomical variation in the pa-
tients varies between 64.0% and 99.8% [7, 8]. Paranasal
sinus pneumatization is a complex process that cannot
be exactly understood. Numerous anatomical variations
can be observed in this region as a result of a natural re-
sult of this complex process. Among the anatomical var-
iations that are detected and frequently observed in
paranasal CT imaging, nasal septum deviation, concha
bullosa or paradoxical middle concha, ethmoidal bulla
hypertrophy, agger nasi cell, lateral or medial localization
of the uncinate process and Haller cell, and Onodi cell
can be regarded [6]. Due to a wide range of anatomical
variations in this region, there are numerous studies in
the literature evaluating different perspectives on this
issue. Even though there are numerous studies investi-
gating the frequency of sinonasal variation in limited
number of studies among the accessed databases, only a
few studies examining the differences of these variations
between genders could be reached [9–14]. In their study,
Shokri et al. [9], the frequency of the anatomical varia-
tions observed in nasal cavity and ethmoidal sinuses by
using cone-beam computed tomography, their differ-
ences according to gender and age, and the correlations
between different variations were evaluated. From this
point of view, the aim of the present study was to evalu-
ate retrospectively the frequency of anatomical variations

in sinonasal region, which were frequently seen in our
cases, for whom coronal section paranasal computed
tomography imaging (CPNCT) was taken in our clinic
within a last 10-year period for any reason, as well as the
correlation of these variations with age and gender and
correlations of identified anatomical variations with one
another.

Methods
Study population
The study was conducted on 1567 cases, who applied to
Sivas Cumhuriyet University, Faculty of Medicine, Train-
ing, Research and Application Hospital, Otorhinolaryn-
gology Clinic with sinonasal complaints between January
2009 and January 2019, whose CPNCT was taken during
the diagnosis process, and who agreed to participate in
the study. However, upon determination of sinusitis
findings, 35 cases were excluded from the analysis and
CPNCT findings of a total of 1532 cases were evaluated.
Of the cases included in the study, 53.9% (n = 825) were
male and 46.1% (n = 707) were female.
CPNCT examination was performed in all the cases

due to the suspicion of sinus pathology in their history
or physical examination, and no radiological imaging
specific to this study was requested.
The cases who had acute sinusitis findings underwent

a surgical intervention for the nose and/or paranasal si-
nuses before, had a previous fascial trauma history, diag-
nosed with fibrous dysplasia, and had nasal polyp,
inverted papilloma, or tumor-like mass lesion identified
in anterior rhinoscopy and/or endoscopic examination
and also did not accept to participate in the study were
excluded from the study.
All the voluntary cases were informed by the re-

searchers and their verbal and written consents were
taken. Ethics committee approval of the study was ob-
tained from the Non-invasive Ethics Committee of Sivas
Cumhuriyet University Faculty of Medicine (Date: 13
November 2019; Decision No.: 2019-11/12).

The evaluation of the paranasal CTs
CPNCT images were evaluated by a senior otolaryngolo-
gist and the resident physician (AB and MK), who were
also the authors of the study.
In all the cases, imaging was performed in prone pos-

ition by using a 128-slice multi-detector CT device
(Aquilion,Toshiba medical system,Tokyo, Japan) and a
120 Kv, 150 mAs; 16 mm × 0.75 mm detector collima-
tion, and a section thickness of 5 mm. The sections ob-
tained were reconstructed at a 5-mm thickness in
coronal plane in the bone window (W3000/L600).
The parameters evaluated in the paranasal sinus CT

scan were as follows:
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1. Presence and direction of the nasal septum
deviation

2. Upper and middle concha pneumatization
3. Agger nasi cell (ANC), Haller cell and Onodi cell,

and ethmoidal cell variations including ethmoid
bulla

4. Accessory pneumatization variations; pterygoid
process, anterior clinoid, crista galli, and septum
pneumatization

5. Uncinate bulla
6. Paradoxical middle concha
7. Curved uncinate process

In the examination of CT sections, the bone or car-
tilage spurs showing elongation to the nasal cavity
and the septal pathologies that may cause nasal ob-
structions were evaluated as nasal septal deviation.
Among the anatomical variations of the middle con-
cha that were bullous, lamellar, and extensive concha
bullosa, only the bullous form was accepted as concha
bullosa. Conchae with the convexity oriented to the
eye side were accepted as paradoxical middle concha,
all the cells that showed invasion to the lower wall of
the orbita and remained below the ethmoid bulla
level were accepted as Haller cells, uncinate processes
having internal air density were accepted as uncinate
bulla, and the uncinate processes that significantly
curves to the septum were accepted as curved uncin-
ate process. Pneumatic cells constricting the frontal
recess from the frontal sinus to sphenoid sinus in
coronal plane before middle concha is observed were
accepted as the agger nasi cells and if the free end of
uncinate in any of the sections where uncinate
process was observed was effused to the medial and
inferior of the free end, this was accepted as hyperp-
neumatized ethmoid bulla. The cells growing to the
posterior and lateral from the superior of sphenoid
sinus by excessively growing from the posterior group
ethmoid cells were recorded as the onodi cells. Even
though the onodi cells were well-examined in the CT
images in axial plane, the transverse septa in sphenoid
sinus were named as the onodi cells in coronal plane
CT. Pterygoid process is a protrusion formed of two
lamina elongating from the junction site of sphenoid
bone corpus and ala major on both sides and the
hyperpneumatized appearance of the sphenoid bone
within the ala protrusion was assessed as the ptery-
goid process pneumatization. Anterior clinoid process
(ACP) is located in the medial end of the ala minor
of the sphenoid bone and if there is a pneumatic cell
inside, it was assessed as anterior clinoid process
pneumatization. Elongation of the pneumatic cells
from sphenoid sinus or crista galli to the septum was
defined as pneumatized nasal septum [8, 9, 15].

Statistical analysis
“Statistical Package for Social Sciences (SPSS) 23.0” stat-
istical package program was used for statistical evalu-
ation. Chi-square test was used for statistical analysis
and significance test was used for the independent sam-
ples, and p value of < 0.05 was accepted as significant.

Results
General evaluation of the study population
Average age of 1532 cases included in the study was
33.74 ± 14.50 years (min–max: 7–89 years). Of the cases
included in the study, 53.9% (n = 825) were male [age
average of 34.13 ± 14.44 years (min–max: 7–89 years)]
and 46.1% (n = 707) [age average of 33.31 ± 14.56 years
(min–max: 9–85 years)] were female. The groups were
statistically similar in terms of age and gender (p > 0.05;
p = 0.269).
When CPNCT of all the cases included in the study

was examined in terms of anatomical variations; an ana-
tomical variation was detected in 96.7% (1482) of the
cases, while no variation was found in 3.3% (50). Ac-
cording to the frequency sequence of the cases, it was
determined that 79.7% (n = 1225) had septum deviation,
40.9% (n = 628) had concha bullosa, 21.0% (n = 322)
had ethmoid bulla, 16.9% (n = 259) had paradoxical mid-
dle concha, 16.4% (n = 251) had pneumatized crista galli,
15.3% (n = 234) had Haller cell, 14.8% (n = 226) had
agger nasi cell, 13.4% (n = 206) had anterior clinoid
process, 8.1% (n = 124) had onodi cell, 4.5% (n = 69)
had pterygoid process pneumatization, 3.2% (n = 49)
had curved uncinate process, 1.3% (n = 20) had septum
pneumatization, and 0.2% (n = 3) had uncinate bulla.
Table 1 shows the distribution of anatomical variations

according to genders. When the frequency of anatomical
variations was evaluated according to gender, the most
frequently observed pathology was septum deviation
similar to all the cases and it was more common in male
cases than female ones and this difference was statisti-
cally significant (p < 0.05; p = 0.012). Other anatomical
variations observed with a statistically significant differ-
ence between the genders were concha bullosa (p < 0.05;
p = 0.019), anterior clinoid process pneumatization (p <
0.05; p = 0.016), and the presence of Onodi cell (p <
0.05; p = 0.043), respectively. Among these anatomical
variations, only Onodi cell was more frequently observed
in female cases; whereas, other two variations were more
frequent in male ones. No statistically significant differ-
ence was observed in other anatomical variations in
terms of gender (p > 0.05).
The correlations of the most frequently observed ana-

tomical variations in all the cases included in the study
with one another were evaluated. No statistically signifi-
cant correlation was observed except for septum
deviation-concha bullosa and Haller cell-ethmoid bulla.
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When the correlation between septum deviation and
concha bullosa was examined, it was shown that the
probability of concha bullosa was lower in the cases
without septum deviation, and higher in the cases with
septum deviation. When the correlation between septum
deviation and concha bullosa was evaluated, the differ-
ence was found as statistically significant (p < 0.05; p =
0.031). Also, in the cases with septum deviation toward
the right side, the probability of concha bullosa was sta-
tistically higher than the cases with S-type and deviation
toward left (p < 0.05; p = 0.031). The possibility of the
combined presence of septum deviation and concha bul-
losa was 33.25%. When the correlation between the Hal-
ler cell and ethmoid bulla was examined, it was found
that the possibility of ethmoid bulla was statistically

lower in the cases without Haller cell (p < 0.05; p =
0.001). The possibility of the combined presence of Hal-
ler cell and ethmoid bulla was 12.8% (Fig. 1).

Evaluation of the study population in terms of pediatric
and adult age groups
When 1532 cases included in the study were evaluated
by dividing them in two groups as < 18 years old
(pediatric group; group P) and ≥ 18 years old (adult
group; group A), the results were presented below.
Average age of 134 (8.7%) cases in group P was 16.62

± 2.10 years (min–max: 7–18 years) and average age of
1398 (91.3%) cases in group A was 35.39 ± 14.11 years
(min–max: 19–89 years). In group P, 45.5% (n = 61) of
the cases were male [average age of 16.84 ± 2.02 years

Table 1 The gender distribution of the paranasal CT scans

Anatomic variation Gender P
valueMan %(n) Woman %(n)

Septal deviation Median 44.0 (135) 56.0 (172) 0.001

Right 54.4 (318) 45.6 (267)

Left 58.3 (314) 41.7 (225)

S Deviation 57.4 (58) 42.6 (43)

Agger nasi cells Negative 53.3 (696) 46.7 (610) 0.292

Positive 57.1 (129) 42.9 (97)

Concha bullosa Negative 51.4 (466) 48.6(440) 0.019

Positive 57.5 (361) 42.5 (267)

Pneumatization of pterygoid process Negative 53.9 (789) 46.1 (674) 0.775

Positive 52.2 (36) 47.8 (33)

Uncinate bulla Negative 53.8 (822) 46.2 (707) NAN

Positive 100.0 (3) 0.0 (0)

Haller cells Negative 54.3 (705) 45.7 (593) 0.392

Positive 51.3 (120) 48.7 (114)

Pneumatization of anterior clinoid process Negative 52.6 (698) 47.4 (628) 0.016

Positive 61.7 (127) 38.3 (79)

Onodi cell Negative 54.6 (769) 45.4 (639) 0.043

Positive 45.2 (56) 54.8 (68)

Pneumatization of crista
galli

Negative 53.6 (687) 46.4 (595) 0.603

Positive 55.4 (139) 44.6 (112)

Pneumatization of nasal septum Negative 53.7 (813) 46.3 (700) 0.577

Positive 60.0 (12) 40.0 (8)

Ethmoid bulla Negative 54.2 (656) 45.8 (554) 0.580

Positive 52.5 (169) 47.5 (153)

Paradox middle concha Negative 53.7 (683) 46.3 (590) 0.730

Positive 54.8 (142) 45.2 (117)

Deviation of uncinate process Negative 53.8 (798) 46.2 (685) 0.858

Positive 55.1 (27) 44.9 (22)

Note: Number of cases with uncinate bulla n = 3 (male)
Since number of cell elements does not meet the condition of n > 5, statistical evaluation was not carried out
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(min–max: 7–18 years)] and 54.5% (n = 73) [average age
of 16.44 ± 2.17 years (min–max: 9–18 years)] were fe-
male. In group A, 54.6% (n = 764) of the cases were
male [average age of 35.51 ± 14.01 years (min–max: 19–
89 years)] and 45.4% (n = 634) [age average of 35.25±
14.12 years (min–max: 19–85 years)] were female. It was
seen that both groups were statistically similar in terms
of gender (p > 0.05).
When the CPNCTs of the cases both in group P and

group A were examined in terms of anatomical varia-
tions; variation was present in a total of 132 (98.5%) pa-
tients in group P, while no variation was found in 2
(1.5%). In group A, while variation was present in a total
of 1350 (96.6%) patients, no variation was observed in 48
(3.3%) of the cases. Table 2 shows the distribution of the
anatomical variations observed in group P and group A.
When age was considered as the independent variable;

a statistically significant difference was observed between
the two groups in pterygoid process pneumatization (p <
0.05; p = 0.030), Haller cell (p < 0.05; p = 0.017), pneu-
matized crista galli (p < 0.05; p < 0.001), ethmoid bulla
(p < 0.05; p = 0.024), and paradoxical middle concha (p
< 0.05; p = 0.003) between both groups in terms of the
anatomical variations (p < 0.05). Similarly, in the current
study, when age was considered as the independent vari-
able, anatomical variations were evaluated according to
gender and they are found more in females under 18

years old (n = 73; 54.5%) and males over 18 years old (n
= 764; 54.7%). However, a statistically significant differ-
ence was found due to this difference in distribution (p
< 0.05; p = 0.043). Also, it is thought that there was no
bias in population representation in terms of demo-
graphic characteristics, as the number of participants in
the study exceeded the maximum sample size.

Discussion
Sinonasal region is a region where anatomical variations
are mostly seen. Such variations in the sinonasal region
form a basis for development of numerous sinus dis-
eases. Thus, it is crucial to know and evaluate the varia-
tions observed in this region during the diagnosis and
treatment phase. Rates of the anatomical variations in
sinonasal region varied between 64.0 and 99.8% in the
studies conducted [7, 8, 15, 16]. In the current study, at
least one anatomical variation was detected in 96.7% of
the cases and the results are similar with the literature.
It should be noted that the distribution of the rates of
anatomical variations in such a wide range may be
caused by the differences in the variation classification,
ethnic origin, difference in the weight rates of the gen-
ders, difference in the imaging method used in evalu-
ation, and the difference in the population size.
Today, CPNCT steps forth as the ideal imaging

method for the evaluation of the anatomy of sinonasal

Fig. 1 Correlation of the observed anatomical variations with one another
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region and the anatomical variations. Especially for the
doctors conducting endoscopic sinus surgeries, it pro-
vides useful information for the detailed evaluation of
the anatomical structures before the surgery and also in-
creases the safety of the surgical procedure [17].
One of the most common variations of the sinonasal

region is the deviation of the nasal septum and it is the
deviation of the septum toward right and/or left from
the midline. Different studies in the literature have re-
ported that the prevalence of nasal septum deviation
varied between 20% and 79% [18]. In the current study,
nasal septum deviation was higher than the prevalence
range stated in the literature and it was 79.7%. Also, it
was more frequently observed in male cases than fe-
males when evaluated in terms of genders. The study

conducted by Günay et al. [17] in Turkey, to evaluate
the prevalence of sinonasal variation and the differences
between the genders, the most frequently observed ana-
tomical variation was detected as the presence of Agger
nasi cell. However, they point outed that Agger nasi cell
was not accepted as a variation due to its high fre-
quency, but as a normal variant. The second most fre-
quently seen variation was nasal septum deviation which
was the most frequent variation in the current study.
However, unlike the present study, no significant differ-
ence was found between the genders in that study. Since
many environmental and genetic factors play a role in
the formation of septal deviation, it is inevitable that dif-
ferent results have been obtained in the studies. It is
thought that the high rate obtained in the present study

Table 2 Distribution of anatomical variations in pediatric and adult age groups

Anatomical variation Group p

Group P % (n) Group A % (n)

Septal deviation Median 3.9 (12) 96,1 (295) 0.662

Right 4.6 (27) 95,4 (558)

Left 5.8 (31) 94,2 (508)

S Dev. 5 (5) 95 (96)

Agger nasi cells Negative 4.7 (62) 95,3 (1244) 0.518

Positive 5.8 (13) 94,2 (213)

Concha bullosa Negative 5 (45) 95 (859) 0.858

Positive 4.8 (30) 95,2 (598)

Pneumatization of pterygoid process Negative 4.7 (69) 95,3 (1394) 0.134

Positive 8.7 (6) 91,3 (63)

Uncinate bulla Negative 4.9 (75) 95,1 (1454) 0.694

Positive 0 (0) 100 (3)

Haller cells Negative 5.2 (68) 94,8 (1230) 0.143

Positive 3 (7) 97 (227)

Pneumatization of anterior clinoid process Negative 4.8 (64) 95,2 (1262) 0.751

Positive 5.3 (11) 94,7 (195)

Onodi cell Negative 5 (70) 95 (1338) 0.642

Positive 4 (5) 96 (119)

Pneumatization of crista galli Negative 4.1 (53) 95,9 (1228) 0.002

Positive 8.8 (22) 91,2 (229)

Pneumatization of nasal septum Negative 4.8 (73) 95,2 (1439) 0.287

Positive 10 (2) 90 (18)

Ethmoid bulla Negative 5.3 (64) 94,7 (1146) 0.166

Positive 3.4 (11) 96,6 (311)

Paradox middle concha Negative 4.4 (56) 95,6 (1217) 0.046

Positive 7.3 (19) 92,7 (240)

Deviation of uncinate process Negative 5 (74) 95 (1409) 0.347

Positive 2 (1) 98 (48)

Group P: pediatric age groups (< 18 age)
Group A: adult age groups (≥ 18 age)
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may be caused by the ethnic origin. Furthermore, it is
thought that high deviation observed in male cases in
the present study may be a result of more exposure of
men to traumas in developing countries like Turkey.
The fact that the difference detected in prevalence of
nasal septum deviation in terms of genders in the
present study was different from Günay et al.’s [17]
study cannot be explained by the emphasis of ethnic ori-
gin in the present study without doubt. However, it is
considered that the difference in the results of two stud-
ies conducted in Turkey is a normal result of the larger
population density evaluated in the current study. If the
sample group is enlarged as in other study, the results
may be similar.
The results of the studies evaluating the correlation

between septum deviation and other anatomical varia-
tions also show differences with each other. For ex-
ample, while it is noted in some studies that there is a
correlation between septum deviation and sinusitis, dif-
ferent studies have reported that there is no correlation
on this issue [12, 19–21]. Likewise, it is highlighted in
the literature that there is a correlation between nasal
septum deviation and concha bullosa [9, 10, 22]. In a
study, a significant correlation was shown between the
presence of concha bullosa and the deviation of septum
to the opposite side [21]. In the present study, it was ob-
served that cases with septal deviation were more likely
to have concha bullosa.
A wide distribution range is present in the studies

evaluating the prevalence of nasal septum deviation ac-
cording to age. When the results of the literature studies
are taken into consideration, this rate varies between
0.93% and 60% in newborns and is between 1.5% and
13.6% in older children. Quite wide prevalence range in
adults can be explained by the differences in the age
groups of the evaluated cases, the classifications used for
the identification of septum deviation, and diagnosis
methods [23]. In their study, Reitzen et al. [23], evalu-
ated frequency of nasal septum deviation in adult and
children age groups and concluded that nasal septum
deviation was more frequently observed in older children
and adults. According to the results, they emphasized
that no conclusion could be made regarding the lack of
a definitive correlation between septum deviation and
genetic predisposition. The results obtained in the study
showed that there was no correlation between age and
nasal septum deviation. Although the results of the
present study were not compatible with the results of
the study by Reitzen et al. [23], it is thought that this dif-
ference is a natural result of the classification of all cases
by the same doctors and by using the same method.
The most frequently observed middle concha variation

is the concha bullosa. Prevalence of concha bullosa var-
ies between 35% and 53% [10, 24]. In the study by Smith

et al. [24], this rate was 67.5%, while it was found as
71.6% in the study by Aykut [25]. In the present study,
the prevalence of concha bullosa was compatible with
the literature and it was found as 40.9%. In the literature,
a limited number of studies are present that investigate
the frequency of concha bullosa among the genders. In
their study, Günay et al. [17] found the rate of concha
bullosa as 41% in females and 33% in males. In the
present study, concha bullosa was detected in 42.5% of
females and in 57.5% of males, and this difference was
found to be statistically significant. In the study con-
ducted by Cohen et al. [26], to evaluate the change in
the prevalence of concha bullosa with increasing age, al-
though it was determined that the incidence of concha
bullosa increased with increasing age, this difference was
not detected in the present study.
The other variations for which statistically significant

difference was determined in the evaluation of anatom-
ical variations of sinonasal region based on gender in the
present study were the presence of anterior clinoid
process pneumatization and Onodi cell. The prevalence
of the Onodi cell varies according to the evaluation
method. While the prevalence of Onodi cells detected
during endoscopic examination was 14–39%, it was 8–
7% when detected by CT [27]. When ethnic origin was
considered in the prevalence, the prevalence of Onodi
cell in Asian subjects is higher than the prevalence re-
ported in European countries regardless of the identifi-
cation method [28]. In the assessment conducted by CT,
Chmielik et al. [27] reported the prevalence of onodi cell
as 39.8%. In the present study, this rate was detected as
8.1%, which is compatible with the literature. When this
variation was evaluated based on gender, Günay et al.
[17] detected it as 11% for females and 7% for males in
their study and no significant difference was observed in
terms of gender. In their study, Ali et al. [29] found this
rate as 43.3% in females and 42.3% in males and despite
the high prevalence, they concluded that there was no
difference between genders. In the present study, Onodi
cell was detected in 54.8% of females and 45.2% of
males. Although the prevalence was high in the present
study, the results were similar to the results of the study
by Ali et al. [29]. The presence of Onodi cell is affected
by numerous factors, as in other anatomical variations.
However, it is believed that possible reasons underlying
the higher prevalence in females should be further inves-
tigated in the future.
It is suggested that Haller cells may also cause maxil-

lary sinusitis by disrupting the mucociliary flow and
causing obstruction in the osteomeatal complex [30].
These cells are located in the medial of infraorbital canal
and in the lateral of nasolacrimal canal. The prevalence
of Haller cells varies between 4.7% and 78% [31]. In the
present study, the prevalence of Haller cells was found
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as 15.3%. In the literature, the prevalence of ethmoid
bulla shows a wide distribution range and its frequency
varies between 10% and 89% in the reported publications
[32, 33]. In the present study, the prevalence of ethmoid
bulla was 21% and no difference was found between the
genders in terms of ethmoid bulla as in the Haller cell.
The wide range of Haller cell and ethmoid bulla preva-
lence in the literature can be certainly caused by many
factors such as the imaging method used, differences in
the identification of variation, number of patients evalu-
ated, different age groups, and ethnic differences. How-
ever, no difference was detected between both genders
in terms of the presence of both anatomical variations in
the present study. When age was taken as an independ-
ent variable, a statistically significant difference was
found for both anatomical variations in children and
adult age groups. Not only the prevalence of these two
variations, but also the prevalence of pterygoid process
pneumatization, pneumatized crista galli, and paradox-
ical middle concha increases with increasing age. For
this reason, it is considered that studies using more
comprehensive different imaging methods should be
conducted in the future in order to clarify the question
“Why are these variations seen more frequently with in-
creasing age?”
When the correlations between Haller cells and other

anatomical variations of the sinonasal region were evalu-
ated, a correlation was shown to be present between
nasal septum deviation and the presence of the cell [8,
9]. In the present study, no similar correlation was
shown between Haller cells and septum deviation; how-
ever, the possibility of ethmoid bulla in the cases with
Haller cell was shown to be 12.8%. No study could be
reached that remarks the correlation between the Haller
cell and ethmoid bulla. Since this correlation may be re-
lated to the embryological development of the nasal lat-
eral wall, it is considered that it may be useful to deepen
the related studies in the future.

Conclusion
The results of the studies in the literature evaluating the
frequency of anatomical variations in the sinonasal re-
gion via different methods have showed a wide distribu-
tion range. Many factors definitely cause this. However,
the studies in the literature draw more attention to the
difference in gender and age distribution among these
factors. In the present study, the frequency of the ana-
tomical variations according to both age and gender fac-
tors and their correlation with each other were tried to
be evaluated in a very large case series. The results ob-
tained showed that among the anatomical variations,
concha bullosa and anterior clinoid process pneumatiza-
tion were mostly seen in male cases and Onodi cell in
female cases. Another important finding was the

increase in the prevalence rates of pterygoid process
pneumatization, Haller cell, pneumatized crista galli,
ethmoid bulla, and paradoxical middle concha with in-
creasing age.
Based on the results of the study, statistically signifi-

cant differences were detected between both genders
and age groups in terms of the frequency of various
sinonasal region variations. While some of the results of
the present study are compatible with the literature,
some are different. Also, the correlations of the detected
variations with each other are also remarkable. Conse-
quently, it is believed that further studies and serious ob-
jective evaluations are required for this subject.
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