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Abstract: Concha bullosa (CB) is a pneumatic cavitation inside a concha in the nasal cavity. It is one of the most widely
recognized nasal variations and is mostly found in the middle concha. CB is divided according to its site into three types;
lamellar, bulbous and extensive. The goal of our study was to estimate the prevalence of CB among Saudi adult population
and its association with sinusitis by using multidetector computed tomography (MDCT). This was a retrospective study
carried out over a three-year period on 879 adult Saudi patients aged 18 years or older, referred for MDCT assessment of
paranasal sinuses. Males were 540 and females were 339. Patients with facial congenital anomalies or nasal trauma were
excluded from our study. CB was prevalent in both males and females among Saudi population (55.4%, 55.7%) respectively.
Bilateral CB (55.5%) was more frequent than unilateral (44.5%). Extensive CB (44.0%) was the most frequent type. Sinusitis
was associated more in patients with CB (48.0%) versus those who have no CB (5.9%). In conclusion, CB was prevalent among
Saudi population and the most frequently recorded is the extensive type. Furthermore, the most common type associated

with sinusitis was extensive CB (49.6%).
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Introduction

The middle concha of the nasal cavity is a flat bone, if
a pneumatic expansion from anterior ethmoid cells or less

commonly from posterior cells invades the bone, it is known

Corresponding author:

Wael Amin Nasr EI-Din

Department of Anatomy, College of Medicine and Medical Sciences,
Arabian Gulf University, Manama 26671, Bahrain

E-mail: waelamin2o010@yahoo.com

as concha bullosa (CB) [1]. CB is considered as a common
nasal anatomical variation and not referred as a disease. The
middle concha is frequently affected by CB, in contrast; the
superior and inferior conchae are rarely affected [2]. The
pneumatized middle concha is categorized into three groups
based on the location of pneumatization site and extension:
lamellar type is the vertical lamella pneumatization of the
concha (Fig. 1A), bulbous type is the bulbous part pneuma-
tization (Fig. 1B) and extensive CB is the pneumatization of
both lamellar and bulbous segments (Fig. 1C) [1]. Frequently,
the CB contains only one air cell, however numerous air cells
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within a CB are fairly uncommon [2].

The medial portion of the ethmoid bone forms the middle
concha. Because of its expansion within the nasal cavity,
anterior-superior stability is supported by the cribriform
plate. The lamina papyracea is responsible for the posterior
and lateral stability [3]. The epithelial lining of the nasal cav-
ity prolongs to line the cavity of the CB so its cells may be
attacked by the same inflammatory diseases of the paranasal
sinuses. Moreover, mucocele formation may be the result of
obstruction of the drainage of a CB [4].

CB has been involved as a potential risk factor in the
recurrence of chronic sinusitis because it has a negative ef-
fect on the ventilation of paranasal sinuses and mucociliary
clearance in the area of the middle meatus [5]. The mere
presence of CB does not need any surgical intervention; how-
ever, its existence can lead to the osteomeatal complex (OMC)
occlusion followed by sinus disorders [6].

OMC is the ultimate mutual route for the frontal, maxil-
lary and anterior ethmoid air cells that allows their drainage
and ventilation [7]. So, the occlusion of this narrow zone is a
leading factor in the production of chronic sinusitis [5]. Devi-
ated nasal septum, large bulla ethmoidalis, paradoxical mid-
dle turbinate and CB are anatomical variations that could
participate to chronic rhinosinusitis pathogenesis by OMC
blockage as a result of impeding the drainage of the anterior
group of paranasal sinuses [4]. The purpose of the surgical
procedures of the functional endoscopic sinus surgery is to
get rid of the osteomeatal obstruction and to retrieve natural
ventilation and mucociliary function of the sinuses [8].

Surgical intervention is not required in asymptomatic
CB; however, medical treatment may be indicated to provide
short-term symptomatic relief including antibiotics, topical
steroids, antihistamines and topical nasal decongestants [9].
Nevertheless, nowadays many different surgical approaches
for CB treatment are used, such as endoscopic lateral or medial
partial resection, turbinoplasty, total resection, crushing and
crushing with intrinsic stripping. However, there is no obvious
consensus about which is the best surgical option yet [10].
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Fig. 1. Types of concha bullosa (arrows):
(A) lamellar type, (B) bulbous type, and
(C) extensive type. (Illustrated by Nasr
El-Din etal.).

Our study aimed to use the computed tomography (CT)
scan imaging of the nasal cavity and paranasal sinuses to
assess the prevalence of CB among adult Saudi population,
compare the prevalence with other populations and its pos-
sible association with sinusitis.

Materials and Methods

Study design

A retrospective blinded study consisting of 879 subjects
subjected to multidetector computed tomography (MDCT)
imaging of their nasal cavity and paranasal sinuses region.
The study was conducted at the Medical Imaging Depart-
ment, Saudi German Hospitals Group, Jeddah, KSA, in the
period between December 2016 and January 2020. MDCT
was performed using a Lightspeed VCT 64 slice CT ma-
chine (kVp [kilo voltage peak]=100, MAs [Milli-Ampere
seconds]=200, rotation time=0.5 second, FOV [field of
view]|=240 mm, slice thickness=1.5 mm, reconstruction in-
terval=0.5 mm, pitch=1.375; GE, Milwaukee, W1, USA). The
study was conducted according to the principles of the Dec-
laration of Helsinki 1995 (as revised in 2013). The study was
approved by Research Ethics Committee of Saudi German
Group Hospitals (approval No. SGH-134/20/06/2016) in ad-
dition to obtaining informed consent from all subjects.

According to sex of the subjects, 540 (61.4%) were males
and 339 (38.6%) were females. All subjects were Saudi adults
aged 18 years or more. Subjects less than 18 years old, those
with facial congenital anomalies or trauma of the nasal and
paranasal sinuses region were excluded from this study.

Picture archiving and communication system was utilized
to evaluate the prevalence of CB, compare the prevalence
between sex and correlate its prevalence with the occurrence
of sinusitis. Coronal and axial sections were prepared and
investigated in our study then were analyzed in the bone
window and were interpreted by the same observer.
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Fig. 2. Relations between CB, side and sex. Values are presented as percentages. (A) Relation between the incidence of CB, side and sex. CB vs.
absent CB according to sex chi-square P-value=0.912; unilateral CB vs. bilateral CB according to sex chi-square P-value=0.041, right CB vs. left
CB according to sex chi-square P-value=0.033, right CB vs. bilateral CB according to sex chi-square P-value=0.003 and left CB vs. bilateral CB
according to sex chi-square P-value=0.604. (B) Relation between the different types of CB and the side. Types of CB according to the side chi-
square P-value=0.453. CB, concha bullosa.

Fig. 3. Different types of unilateral
concha bullosa (CB) shown by coronal
computed tomography images. (A)
Right lamellar type CB (arrow). (B)
Right bulbous CB (arrow). (C) Right
extensive CB (arrow). (D) Left lamellar
CB (arrow) with right maxillary sinu-
sitis (arrowhead) and deviated nasal
septum to right (asterisk). (E) Left
bulbous CB (arrow). (F) Left extensive
CB (arrow), with nasal septum devia-
tion having a convexity to the right side
(arrowhead).

Fig. 4. Different types of unilateral
concha bullosa (CB) shown by axial
computed tomography images. (A) Left
large bulbous CB (arrow) with severe
deviation of the nasal septum convexity
to the right side (arrowhead). (B) Left
lamellar CB (arrow). (C) Left extensive
CB (arrow).
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Statistical analysis

The software program (Statistical Package for Social Sci-
ences SPSS” ver. 20.0; IBM Corp., Armonk, NY, USA) was
used to analyze our data. Categorical variables were pre-
sented in numbers and percentages (%). Qualitative variables
were correlated using chi-square test. If chi-square P-value
was <0.05, it was considered to be significant.

Results

In the present study, the patients aged between 18 and 79
years old with a mean of 34.5+10.7 years. CB was found in
488 (55.5%) cases. It was uniformly prevalent in both males
and females (P=0.912) (Fig. 2A). Regarding the different

Fig. 5. Different types of bilateral concha bullosa (CB) shown by
coronal (A, B) and axial (C, D) computed tomography images. (A)

Bilateral lamellar type of CB (arrows). (B) Right lamellar (arrow)
and left bulbous CB (arrowhead). (C) Right lamellar (arrow) and left
extensive CB (arrowhead). (D) Right extensive CB (arrow) and left
bulbous type (arrowhead).

Table 1. Relation among the incidence of sinusitis, concha bullosa (CB), and sex
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types of CB, the most frequent observed type was extensive
CB followed in close succession by lamellar CB, while only
(12.5%) of the conchae were of bulbous type (Fig. 2B). The
prevalence of bilateral CB was more frequent as compared to
the unilateral cases, with statistically significant difference
(P=0.041). Overall, the prevalence of left CB was more fre-
quent as compared to the right with statistically significant
difference (P=0.033) (Figs. 2A, 3-5).

The most common type of CB in the right side was ex-
tensive CB whereas in the left side, lamellar CB was the most
frequent. The most common type of CB among males was
extensive CB whereas in females was lamellar CB; however
there was no statistical difference between the frequency of
different types of CB according to the sex (Figs. 3-6).

Among the studied groups, sinusitis was observed in 234
(48.0%) of CB patients. The males were more affected by
sinusitis than females, with no statistically significant dif-
ference (P=0.747) (Table 1). Out of 234 patients with sinusitis,
ethmoidal sinusitis was the most predominant type encoun-
tered in this study (Fig. 7A) followed by the maxillary sinusitis
(Fig. 7B). Lower prevalence for frontal (Fig. 7C) then sphenoi-
dal sinusitis (Fig. 7D) was associated with CB (Table 2). The

60

Hl Male
[ Female
50 - 417
5 442
— 402
X 40
(0]
IS4
£ 30+
(o]
I
& 20+
134 490
N r
0 I T T 1
Lamellar Bulbous Extensive
Type of CB

Fig. 6. Relation between different types of CB and sex. Values are
presented as number (percentage). Types of CB according to the sex
chi-square P-value=0.693. CB, concha bullosa.

Sex Sinusitis No sinusitis Total
CB Absent CB CB Absent CB CB Absent CB
Male 146 (48.8) 14 (5.8) 153 (51.2) 227 (94.2) 299 (100) 241 (100)
Female 88 (46.6) 9 (6.0) 101 (53.4) 141 (94.0) 189 (100) 150 (100)
Total 234 (48.0) 23 (5.9) 254 (52.0) 368 (94.1) 488 (100) 391 (100)

Values are presented as number (%). Presence or absence of sinusitis according to the sex chi-square P-value=0.747 and presence or absence of sinusitis according

to the presence or absence of CB chi-square P-value <0. 001.
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rest of the studied patients with involvement of more than
three sinuses (pansinusitis) (Fig. 8) compromised 136 (36.4%)
patients (Table 2).

Regarding the correlation of CB with sinusitis, sinusitis
was more prevalent in cases having CB (48% of CB cases)
than those had no CB (5.9% of cases with no CB) with sig-
nificant difference in-between (P<0.001) (Table 1). The most
common type of CB among patients with sinusitis was ex-
tensive CB followed by the lamellar type (Table 2). According

Fig. 7. Different types of concha bullosa (CB) associated with different
types of sinusitis shown by coronal (A, C) and axial (D) computed

tomography images. (A) Left bulbous CB (thin arrow), with deviated
nasal septum (asterisk) to the right and solitary right ethmoidal
sinusitis (thick arrow). (B) Moderate sized right extensive CB (arrow)
with ipsilateral mucosal thickening in the maxillary sinus (MS).
(C) Left extensive CB (thin arrow) with mild left frontal mucosal
thickening (sinusitis) (arrowhead) associated with nasal septum
deviation to right side (asterisk). Right bulbous CB is also noted
(thick arrow). (D) Left bulbous CB (arrow) associated with sphenoid
sinusitis (arrowhead) and deviated nasal septum to right side (asterisk).
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to the side of CB, sinusitis was more prevalent in bilateral CB
cases (74.7%) than in unilateral CB ones (25.3%) with a sig-
nificant difference in-between (P<0.001), however there was
no significant difference between the incidence of sinusitis
between right and left CB cases (P=0.485) (Table 3).

Discussion

Prevalence of CT helps the otolaryngologists and dentists
for better and easy distinguishing the anatomical variations
and pathological conditions of the nasal cavity and adjacent
paranasal sinuses. Previous radiographic methods were less
successful in detecting anomalies in the sinuses. CT scans
can easily recognize mucosal inflammation, apparently
making this radiographic technique the ideal for precisely
assessing the nasal cavity and paranasal sinuses [1].

The middle turbinate acts as an inspired air moistur-
izer. It aids to laminate flow of the inspired air then pushes
it upwards toward the epithelium of olfactory mucosa [11].
A pneumatized middle turbinate, CB; may be unilateral or

Fig. 8. Pansinusitis in the same subject having concha bullosa (CB)

shown by coronal (A) and axial (B) computed tomography images. (A)
Right bulbous CB (thick arrow) with partial opacification denoting
infected CB, bilateral ethmoidal (thin arrows) and bilateral maxillary
sinusitis (arrowheads). Deviated nasal septum to left is also noted
(asterisk). (B) Sphenoid (arrow) and bilateral ethmoidal (arrowheads)
sinusitis.

Table 2. Association between the types of sinusitis and different type of concha bullosa (CB)

CB
Type of sinusitis Lamellar Bulbous Extensive Absent CB Total
Male Female Male Female Male Female Male Female
Ethmoidal sinusitis 21(33.9) 11 (27.5) 6(20.0) 6 (31.6) 35(28.0) 17 (23.0) 4(28.6) 3(30.0) 103 (27.5)
Maxillary sinusitis 15 (24.2) 8(20.0) 9(30.0) 5(26.3) 30 (24.0) 17 (23.0) 5(35.7) 3(30.0) 92 (24.6)
Frontal sinusitis 3(4.8) 3(7.5) 2(6.7) 0(0) 6 (4.8) 5(6.8) 3(21.4) 1(10.0) 23(6.2)
Sphenoidal sinusitis 2(32) 3(7.5) 1(3.3) 2(10.5) 5(4.0) 3(4.1) 2(14.3) 2(20.0) 20 (5.4)
Pansinusitis 21(33.9) 15 (37.5) 12 (40.0) 6 (31.6) 49 (39.2) 32(43.2) 0(0.0) 1(10.0) 136 (36.4)
Total 62 (100) 40 (100) 30 (100) 19 (100) 125 (100) 74 (100) 14 (100) 10 (100) 374 (100)

Values are presented as number (%). Types of sinusitis according to the sex chi-square P-value=0.781, types of sinusitis according to presence or absence of CB

chi-square P-value <0. 001 and type of sinusitis according to the type of CB chi-square P-value=0.959.
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Table 3. Relation between the incidence of types of sinusitis and the side of concha bullosa (CB)

Sinusitis : L e Bilateral CB Total
Right Left
Present
Ethmoidal 21(21.9) 17 (17.7) 58 (60.4) 96 (100)
Maxillary 23 (27.4) 22(26.2) 39 (46.4) 84 (100)
Frontal 7(36.8) 4(21.1) 8(42.1) 19 (100)
Sphenoidal 5(31.3) 4(25.0) 7 (43.8) 16 (100)
Pansinusitis 37 (27.4) 37 (27.4) 61 (45.2) 135 (100)
Absent 55 (21.7) 78 (30.7) 121 (47.6) 254 (100)

Values are presented as number (%). Presence or absence of sinusitis according to the side of CB chi-square P-value<0.001 (unilateral CB vs. bilateral CB
P-value<0. 001, right CB vs. left CB P-value=0.485, right CB vs. bilateral CB P-value=0.009 and left CB vs. bilateral CB P-value<0.001.

Table 4. Prevalence of concha bullosa (CB) in the previous studies

Sex Type of CB
Author Country Method of assessment Number (%) Male Female Lamellar Bulbous Extensive

(%) (%) (%) (%) (%)
Present study Saudi Arabia Coronal and axial CT 879 (55.52) 55.4 55.8 43.6 12.5 44.0
Bolger etal. [1] United States Coronal CT 202 (53.0) - - 46.2 31.2 15.7
Pérez-Pifas et al. [14] Spain Coronal and axial CT 110 (73.0) - - - - -
Smith et al. [15] United States Cone-beam CT 883 (67.5) 43.7 56.3 - - -
Anbiaee et al. [16] Iran Coronal and axial CT 199 (14.6) 13.8 175 - - -
Kalaiarasi et al. [17] India Axial, coronal and Sagittal CT 202 (31.7) - - 22.2 28.3 49.5
Bahemmat and Hadian [18] Iran Cone-beam CT 500 (27.6) 38.0 62.0 - - -
Stallman et al. [19] United States Coronal CT 998 (44.0) - - 42.0 44.0 13.0
Maru and Gupta [20] India Coronal and axial CT 61 (42.6) - - 42.3 27.0 30.7
Gupta et al. [21] India Axial, coronal and Sagittal CT 69 (11.5) - - 30.7 - -
Al-Rawi et al. [22] United Arab Emirates ~ Cone-beam CT 106 (37.7) 38.8 37.0 - - -

CT, computed tomography.

bilateral. The anterior or posterior ethmoid cells are respon-
sible for creation this pneumatization. The prevalence of CB
ranges between 14.0% and 53.0% [12]. Except if the CB has
a large size to block the nasal airway or the sinus ostia, it is
overwhelmingly asymptomatic and is only seen by chance
on CT scanning [13].

In the present study, the prevalence rate of CB was 55.5%.
This result is in agreement with the findings mentioned by
Bolger et al. [1], however the prevalence in our study is less
than the studies conducted by Pérez-Pinas et al. [14] and
Smith et al. [15]. On contrast, a relatively lower prevalence
rate of CB was recorded by Anbiaee et al. [16], Kalaiarasi
et al. [17], Bahemmat and Hadian [18], Stallman et al. [19],
Maru and Gupta [20], Gupta et al. [21], and Al-Rawi et al. [22].
The difference in prevalence between our population and
Emirati people [22] may be due to wide range of numbers
of the studied CT scans (879 in our study vs. 106 in Emirati
people), furthermore the different type of the used CT scans
in both studies (Table 4).

Regarding the various types of CB; lamellar concha is de-
fined as vertical lamella pneumatization. Bulbous type is de-
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termined by pneumatization of bulbous part, and extensive
type is characterized by pneumatization of both segments [7].
In the present study, the most frequent type observed was
extensive type (44.0%), followed in close succession by lamel-
lar type (43.6%), then bulbous type which was observed only
in (12.5%) of patients. Bolger et al. [1] reported that the inci-
dence of CB of extensive type was (15.7%), bulbous type was
(46.2%) and lamellar type was (31.2%). In another study done
by Stallman et al. [19] CB was found in 44.0% of the cases
and was unilateral in 35.0% of patients, out of these conchae;
42.0% were lamellar, 44.0% were bulbous and 13.0% were
extensive.

In the present study the prevalence of bilateral CB was
(55.5%) that was more frequent as compared to the unilat-
eral cases (44.5%) with statistically significant difference
(P=0.041). On the other hand, CB was found to be uniformly
prevalent in both male and females (55.4% and 55.8%)
respectively. The prevalence of left CB (24.6%) was more
frequent as compared to the right one (18.9%) with statisti-
cally significant difference (P=0.033). On the contrary, in an
Indian study reported by Kalaiarasi et al. [17], out of the 202
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studied CT scans, the incidence of CB was 31.7%. The CB
was bilateral in 35 (54.7%) cases and unilateral in 29 (45.3%)
cases. Out of 99 conchae, 54 were on the right side and 45
were on left side.

CB can imping on the infundibulum and ostium of max-
illary, anterior ethmoid, and frontal sinuses causing a nega-
tive effect on their ventilation making them more prone to
infection [23, 10]. Also, there is a strong relationship between
the incidence of CB and contralateral nasal septal deviation
[1]. However, nasal septum deviation may be not as a result
of CB pushing, rather this appears to be due to other as yet
unknown developmental factors concerning a concha and
the nasal septum [23]. Despite presence of CB and septal
deviation are potential factors in the development of sinus
disease, it is still an issue of argumentation [24]. Addition-
ally, CB itself is a common cause of rhinogenic headache [10].
Thus, we evaluated the frequencies of presence of sinusitis in
patients with or without CB.

Concerning sinusitis in our present study, the most fre-
quently affected sinus was ethmoidal sinus (27.5%), followed
by involvement of the maxillary sinus (24.6%) with lower
prevalence for frontal and sphenoidal sinuses (6.2%) and
(5.4%) respectively. Pansinusitis (>3 affected sinuses) was
noted in (36.4%) of patients. This was in accordance with a
study conducted by Bolger et al. [1] in Texas who reported
that the most common affected sinus with CB was ethmoidal
sinus (84.3%), followed by maxillary sinus (77.7%), while
in other different studies carried out by Kinsui et al. [25] in
Séo Paulo (Brazil), Bagri et al. [26] in New Delhi (India) and
Van der Veken et al. [27] in Belgium, the most frequently in-
volved sinus was maxillary sinus with a prevalence of 52.7%,
57.3% and 63% respectively. In another study performed by
Mamatha et al. [8] in India, the most common involved si-
nus was maxillary sinus (67.5%), followed by ethmoidal sinus
(32.5%) and frontal sinus (25.0%).

In the current study, the incidence of sinusitis was highly
linked to the presence of CB. Sinusitis was more present in
CB patients (48.0%) than in cases of absence of CB (5.9%)
with a significant difference in-between (P<0.001). Some
reports had proved the relationship between the presence of
the CB and sinusitis, however other studies had concluded no
direct relation in-between. In a study carried out by Stallman
etal. [19], 72.0% of patients with a CB had sinusitis, however;
78.0% of patients had sinusitis without CB, they confirmed
that there is no statistical association between the rhinosi-
nusitis on either side and presence of unilateral or dominant
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CB. Furthermore, Javadrashid et al. [28] had reported that
there is no significant relationship between the presence of
CB and chronic sinusitis. Conversely, Rajashree et al. [29]
found a statistically significant relationship between the CB
and ipsilateral sinusitis. Also, de Aratjo Neto et al. [30] sug-
gested that a large sized CB may occlude the ostia leading to
sinusitis.

In the present study, the most common type of CB among
patients with sinusitis in both sides was extensive CB. Sev-
eral studies mentioned that the size of CB is a leading fac-
tor for the presence or absence of the sinusitis symptoms.
Though, there was no significant association found between
the size of the CB and chronic rhinosinusitis, many studies
concluded that rhinosinusitis was more associated with the
extensive type of CB [31]. In a study done by Unlii et al. [32],
they reported that no association between CB and OMC
disease. But they also confirmed that the bulbous CB had
more influence on OMC disease than other types of CB. In a
study carried out by Scribano et al. [33], 59.0% of cases with
chronic rhinosinusitis had CB. They confirmed that CB and
many other anatomical variations (Uncinate process anoma-
lies, Haller’s cells and large bulla ethmoidalis) elevate the risk
of incidence of the chronic sinusitis by approximating the os-
teomeatal mucosa in a close contact with the lining mucosa
of the paranasal sinuses.

Probably the most diverse anatomical variations in the
human body are that of the nasal cavities and paranasal
sinuses [34]. As a one of these anatomical variations, CB
prevalence has a wide range from 4.0% to 80.0% [35]. These
anatomical variations are often ethnic based on genetic and
environmental factors [36]. Furthermore, the wide range of
numbers and types of the studied CT scans in different stud-
ies may also potentiate this discrepancy. For example, maxil-
lary growth is highly affected by environmental factors such
as abnormalities in the growth of paranasal bone, trauma,
adenoid hypertrophy and nasal septum deviation [37, 38].

CT provides a good tool for sinonasal assessment, in addi-
tion to be superior to plane radiography and nasal endoscopy
[36]. Traditional CT imaging may be as an axial, antero-pos-
terior or coronal planes [39]. More recent, cone-beam com-
puted tomography became used for maxillofacial imaging as
it has many advantages over traditional CT, including higher
image resolution, lower radiation dose, offers 3-dimensional
images and lower cost of machine [40, 24]. Thus, the type of
used CT imaging machine and the planes used to assess si-
nonasal condition may affect the frequency of the discovered
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CB cases specially in mild ones. In addition, lamellar type of
CB has not been incorporated by some authors in their stud-
ies which lowers their results about the frequency of CB [41].

In conclusion, the findings of the present study dem-
onstrated that CB is prevalent in both males and females
among Saudi population (55.4% and 55.7%) respectively. The
prevalence of bilateral CB (55.5%) is more frequent as com-
pared to the unilateral (44.5%) cases. The most frequent type
observed is extensive CB (44.0%). Sinusitis is prevalent in
patients with CB (48.0%) more than those have no CB (5.9%),
with the most common type of CB among patients with si-
nusitis is the extensive type.
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