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Abstract

Introduction. The pneumatized cavities of the skull are characterized by the presence of numerous anatomical
variants. Among these, the aberrant pneumatization of the middle turbinate is noteworthy, both in terms of
prevalence and in terms of clinical resounding. The identification of this anomaly can be achieved clinically
through anterior or posterior rhinoscopy, but the diagnostic gold standard is represented by spiral computer
tomography (CT) and cone-beam computed tomography (CBCT) scans. Our study aims to determine the
prevalence of concha bullosa (CB) in the Romanian population and to observe the distribution of the anomaly
according to sex and age groups. Secondarily, we propose a new clinical classification based on the morphological
appearance of concha bullosa. The selected cases will be distributed according to this new classification. Thirdly,
we will study the association of concha bullosa with rhinosinusitis. Materials and methods. Our retrospective
randomized study included 105 CT scans of non-traumatic patients (mean 60.34 + 20.48 years) who underwent
cranio-cerebral examinations between 01.07.2023 - 31.12.2023 in the lasi Clinical Rehabilitation Hospital.
Results. Concha bullosa was identified in 57 patients out of 106 (53.77%). Among them, 30 (28.3%) had the
bilateral form and 27 (25.47%) the unilateral form. The applied statistical tests demonstrated a uniform
distribution by age and gender groups. Within the classification proposed by us, we have identified all nine
subtypes. Between subtypes | (A, B, C) and subtypes Il (A, B, C), we recorded statistical significance (p =
0.00092), with the predominance of the lamellar type over the bulbous type. Conclusions. Concha bullosa has a
high prevalence in the studied cohort. It does not show variations related to age or sex, which supports the
malformative origin. The classification proposed by us ensures a better picture of the local mass effect determined
by CB.
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1. INTRODUCTION inside the bony lamina that forms the
middle turbinate. In this way, a cavity is
born that can be completely isolated from
the adjacent pneumatized cavities or can
maintain a connection with the ethmoid
cells of origin [6-10].

The abnormal pneumatization of the
middle turbinate has raised numerous
disagreements over time in specialized
publications. While some authors consider
the concha bullosa (CB) to be an anatomical

variant, other ENT specialists support the The clinical studies carried out so far

idea of a standalone pathology [1-5]. have highlighted a high prevalence of

However, there is a consensus regarding the abnormal pneumatization of the middle

origin of pneumatization: the migration of turbinate. There is also a great variability of

both anterior and posterior ethmoid cells the results obtained, values between 13%
46
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and 68% being reported [6, 11-14]. To our
knowledge, a prevalence study of the
concha bullosa in the Romanian population
has not been carried out until now.

From the point of view of the
physiopathology of the nose, the middle
turbinate is not only a fold but contributes
to the orientation and formation of the
turbinate air flow at the level of the nasal
fossae. Dysfunctions of the turbinates or the
nasal mucosa are undoubtedly the cause of
rhinosinusitis [6, 7-13].

The diagnosis can be made following
the clinical examination by anterior or
posterior rhinoscopy, but only certain forms
can be suspected in this way. The diagnosis
of choice is imaging, computer tomography
(CT) and cone-beam computed tomography
(CBCT) representing the "golden standard™
in the cervico-facial region [8, 13-17]. In
addition to identifying the pneumatization
of the middle turbinate, the mentioned
imaging  explorations  highlight  the
associated pathology, whether it has an
anatomical-morphological substrate (septal
deviation, hypertrophy of the lower
turbinate), inflammatory (rhinosinusitis) or
odontogenic cause (odontogenic sinusitis)
[7, 13,16-20].

Until now, several classifications have
been proposed. The first and most used in
medical practice, proposed by Bolger et al.
[21], addresses the aspect visualized in the
frontal plane and includes three groups:

expansive type was called by Maru et
al.[11] “the true Concha Bullosa”. The
second one, proposed by Stallman et al.
[22] divides CB into absent, small,
moderate and large. Another classification
proposed by Calvo-Henriquez et al. [23],
follows the aspect of pneumatization in the
axial plane and  describes  five
morphological types: Type 0: no aeration;
Type |: aeration of 1/3 anterior.; Type II:
aeration of 2/3 anterior, or 1/3 in the
middle; Type Ill: complete anterior-
posterior aeration; Type 1V: aeration of 2/3
posterior and Type V: aeration of 1/3
posterior.

According to our experience, both
classifications, proposed by Bolger et al.
[21] and Calvo-Henriquez et al. [23], are
useful and not mutually exclusive. On the
contrary, their symbiosis provides more
accurate information  regarding the
extension and location of CB and, thus
facilitate the choice of the therapeutic
protocol. For these reasons, we propose a
new original classification that combines
CT aspects both in the coronal and in the
axial plane. In order to have a more accurate
assessment of the pneumatization degree in
the axial plane, our classification proposes
dividing the middle nasal turbinate into an
anterior half and a posterior half. We
considered complete pneumatization the
situation in which the cavity exceeds by
more than 25% the middle of the nasal
turbinate antero-posteriorly. (Table 1

lamellar, bulbous and expansive. The
Axial sections
Pneumatization Lamellar (1) Bulbous (I1) Extensive (111)
Coronal | 1 anterior (A) IA A A
Sections 4, hosterior (B) IB 1B 1B
complete (C) IC 1[@ Hnic

Table 1: original spatial classification
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The main purpose of our study is to
determine the prevalence of abnormal
pneumatization of the middle turbinate in
the Romanian population and to observe the
distribution of the anomaly according to sex
and age groups. Secondarily, we propose a
new clinical classification based on the
morphological appearance of concha
bullosa. The selected cases will be
distributed according to this new
classification. Thirdly, we will study the
association of concha bullosa with
rhinosinusitis.

2. MATERIALS AND METHODS

Our retrospective randomized study
included 105 patients who underwent
computer tomographic examinations of
the cephalic extremity between
01.07.2023 - 31.12.2023 in the lasi
Clinical Rehabilitation Hospital. All
patients included in the study signed an
informed consent in accordance with
the Declaration of Helsinki. The Ethics
Committee of the lasi Clinical
Recovery Hospital approved the study.
Images were acquired using a Toshiba
Aquilion 16 CT Scanner and were
processed using the Radiant DICOM
Viewer software. Two experienced
radiologists independently evaluated
each scan set. A third person intervened
in case of inconsistency, and the result
was transacted after everyone's
approval. Inclusion criteria are artifact-
free CT datasets that contain the entire
viscerocranium and skull base. CT data
sets of patients with a history of skull
trauma were excluded.

Each digital CT was evaluated for
the presence of abnormal
pneumatization of the middle turbinate.
In addition, each such anatomical
variant identified was categorized in
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accordance with the new classification
proposed by us. The studied patients
were divided into seven age groups
corresponding to the statistical classes
as follows: "7 to 19 years", "20 to 32
years", "33 to 45 years", "46 to 58
years", “59 to 717, “72 to 84” and ” 85
to 98 years". In order to compare the
obtained results, we used statistical
tests: Student's T-test (two-tailed), Chi
Square Test, ANOVA single factor and
ANOVA post-hoc Test with Bonferroni
Correction. p-values below 0.05 were
considered statistically significant.

3. RESULTS

Our study, carried out over a period of
six months  (July-December  2023),
included 106 CT scans of which 61 were
female and 45 were male. The age criterion
of the selected group of patients was
homogeneous so that the statistical tests
could be applied. The age varied between 7
years and 98 years with a mean of 60.34 +
20.48 years and a median of 63.5; Skewness
test p=-0.776 (Table 2).

Table 2. Descriptive statistics of age

Mean 60.3490566
Standard Error 1.989507177
Median 63.5
Mode 83
Standard Deviation 20.48323005
Sample Variance 419.5627134
Kurtosis -0.206558004
Skewness -0.775937412
Range 85
Minimum 7
Maximum 92
Sum 6397
Count 106
Confidence Level(95.0%) 3.944825217

Although the absolute number of
female patients was higher than that of male
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patients, no  statistically  significant
differences (p=0.16) were recorded either
numerically or in terms of age (mean age:

62.75+20.28 respectively 57.08+£20.52).
Consequently, we can consider the groups
similar and apply statistical tests.

Groups Count Sum Average Variance
Female 61 3828 62.75409836 411.3218579
Male 45 2569 57.08888889 421.4464646
ANOVA
Source of
Variation SS df MS F P-value F crit
Between
Groups 831.1289858 1 831.1289858 1.999803407 0.160306301 3.932437831
Within Groups  43222.95592 104 415.6053454
Total 44054.08491 105

Table 3. Average age compared by gender.

Concha bullosa was identified in 57
patients out of 106 (53.77%). Among them,
30 (28.3%) had the bilateral form and 27
(25.47%) the unilateral form. The
distribution according to gender did not

highlight statistically significant aspects
(p=0.146), which proves that this
anatomical variant can be found in equal
proportions in both women and men. The
absolute values are presented in Table 4.

Patients CB bilateral CB unilateral
number
Female 61 18 11
Male 45 12 16
Total 106 30 27

Table 4. Prevalence by gender

Taking into account that 30 patients
presented bilateral forms, we identified 87
abnormal pneumatizations of the middle
turbinate.  We  identified all the
morphological types present in the newly
proposed classification. We illustrated them
in Figure 1 to 9. We show the breakdown
by age groups and morphological types in

Table 5. Although the absolute values
indicate a higher frequency in patients from
the "59-71" and "72-84" age groups, the
statistical significance is not reached
because the number of patients in these age
categories is higher: 19 out of 20 patients
and 42 out of 39 patients respectively.

Age intervals 1A 1B IC A 1B e A B 1nic Total
7-19 1 0 0 1 0 0 2 0 0 4
(4.60%)
20-32 0 0 0 0 0 0 0 0 0 0 (0%)
33-45 2 2 1 1 0 0 2 1 1 10
(11.49%)
46 - 58 2 0 0 1 1 0 1 0 4 9
(10.34%)
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59-71 2 4 4 1 0 1 1 0 6 19
(21.84%)
72-84 8 9 9 7 0 0 6 0 3 42
(48.28%)
85 - 98 1 1 0 0 0 0 0 0 1 3
(3.45%)
Total morphologic 16 (18.39%) 16 14 11 1 1 12 1 15 87
aspects (18.39%) | (16.09%) | (12.64%) | (1.15%) (1.15%) | (13.79%) | (1.15%) (17.24%)

Table 5. Concha bullosa - morphology-wise demographic distribution.

Figure 1: CT axial (A) and coronal (B) — Type IA. Lamellar concha bullosa located in the
anterior half of the left middle turbinate (arrow).
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Figure 2: CT axial (A) and coronal (B) — Type IB. Lamellar concha bullosa located in the
posterior half of the right middle turbinate (arrow).

Figure 3: CT axial (A) and coronal (B) — Type IC. Lamellar concha bullosa corresponding
anterior and posterior half of the right middle turbinate (arrow).

Figure 4: CT axial (A) and coronal (B) — Type IIA. Bulbous concha bullosa located in the
anterior half of the right middle turbinate (arrow).

51
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Figure 5: CT axial (A) and coronal (B) — Type IIB. Bulbous concha bullosa located in the
posterior half of the left middle turbinate (arrow).

Figure 6: CT axial (A) and coronal (B) — Type IIC. Bulbous concha bullosa corresponding
anterior and posterior half of the left middle turbinate (arrow).
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Figure 7: CT axial (A) and coronal (B) — Type Il1A. Extensive concha bullosa located in the
anterior half of the right middle turbinate (arrow).

Figure 8: CT axial (A) and coronal (B) — Type I1IB. Extensive concha bullosa located in the
posterior half of the left middle turbinate (arrow).
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Figure 9: CT axial (A) and coronal (B) — Type I11IC. Extensive concha bullosa corresponding
anterior and posterior half of the right middle turbinate (arrow).

We identified the preponderance of
the lamellar form compared to the bullous
and expansive forms. Using the Post-hoc
ANOVA test - Bonferroni Correction, we
demonstrated the fulfillment of statistical
significance between the lamellar form (1)

and the bullous form (I1) with p=0.00092
(p<0.0166). We did not record statistically
significant  differences between the
morphological aspects highlighted in the
axial plan: anterior, posterior and complete
(Table 6).

= Lamellar (1) 46 (52.87%)
=2
S S Bulbous (11) 13 (14.94%)
II o

Expansive (I11)

28 (32.18%)

Anterior (A)

39 (44.83%)

Axial
plane

Posterior (B)

18 (20.69%)

Complete (C)

30 (34.48%)

Table 6. Concha bullosa morphologic types

In order to correlate the prevalence
of abnormal pneumatization of the middle
turbinate with rhinosinusitis, we identified
patients who presented radiological signs
characteristic of this pathology, such as
mucosal thickening or hydro-aerial level.
We included in the study only the illness to
the frontal and maxillary cavities because
the expansive processes of the turbinates’
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affect them. Moreover, we performed a
comparative study between the group of
patients who associate CB  with
rhinosinusitis and the group of patients
without CB. The statistical tests used did
not show the achievement of statistical
significance, which proves that there are no
differences between the patients with CB
and the patients in the general population.
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We report the results in Table 7 and Table
8. The statistical analysis did not
demonstrate a correlation between the
prevalence of concha bullosa and
rhinosinusitis (p = 0.24), most likely due to

the small group of patients. On the other
hand, we recorded results with statistical
significance in the case of the comparative
evaluation of maxillary sinusitis versus
frontal sinusitis (p = 0.035).

With rhinosinusitis | Without rhinosinusitis Total
Concha bullosa 32 25 57
Non - Choncha bullosa 22 27 49
Total 54 52 106
Table 7. Comparative results Concha bullosa vs Non-Concha bullosa patients
Concha bullosa Non -Choncha bullosa Total
Frontal sinusitis 6 10 16
Maxillary sinusitis 35 27 62
Total 41 37 78

Table 8. Rhinosinusitis: comparative results Frontal sinusitis vs Maxillary sinusitis

4. DISCUTIONS

The nasal turbinates are three pairs of
bony blades that detach from the lateral
wall of the nasal fossae: upper, middle and
lower. While the upper and middle pairs are
considered expansions of the ethmoid, the
lower one is considered by most anatomists
to be a separate bone. A functionally active
mucosa cover them. Besides epithelial-
mesenchymal transition, the immune
system, and pathogens, its vascular and
lymphatic components play a fundamental
role in the processes that accompany
chronic rhinosinusitis. In the context of
loco-regional inflammation, phenomena
such as angiogenesis and
lymphangiogenesis appear [24-29]. Pesold
et al.[29] underlines the modulatory role of
lymphangiogenesis in the inflammatory
process. The extension of lymphatic vessels
in the structures of the nasal mucosa limits

angiogenesis and implicitly  reduces
inflammation. In addition to these
physiopathological  elements, concha

bullosa is a contributing factor to chronic
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rhinosinusitis and rhinogenic headache [1,
12, 30-32].

Our randomized retrospective study
evaluated 106 consecutive CT scans. The
group of patients had ages between 7 and 98
years with a mean of 60.34 + 20.48. The
gender distribution did not demonstrate a
statistically significant difference, so we
considered the group uniform.

We identified the abnormal
pneumatization of the middle turbinate in
57 out of 106 patients, representing
53.77%. The data from the literature
regarding the prevalence of CB have a great
variability, ranges between 15% and 80%
[7]. Plantier et al.[33] identified the
presence of pneumatization of the middle
turbinate in only 9.5%, but this study is not
relevant due to the small number (21) of
included patients. Alsoway et al.[34] in his
study on 240 patients, mentions an equal
frequency of CB with another abnormal
rhinosinusal pneumatization, Agger nasi
cell, respectively 30.6%. The comparative
study by Gruszka et al.[14] on Eastern
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European populations showed a prevalence
of 54.8% in the group of Polish patients and
68% in the group of Turkish-Cypriot
patients. These results are in accordance
with the evaluation made by our study. In
our opinion, the great variability in terms of
prevalence can be supported by the
variation within the ethnic groups [7], but
especially by the wunderestimation of
lamellar types.

The statistical analysis of the results
according to the age groups did not
highlight significant differences, which
demonstrates a uniform distribution of CB
at the population level and supports the
hypothesis of the malformative origin of the
lesion. Our literature search did not
revealed any age related studies.

With this study, we propose a new
classification based on the morphological
aspects of the concha bullosa captured both
in the coronal and in the axial plane. We
identified in the studied group all the nine
described morphological subtypes. There
were no statistically significant differences
between their prevalence. The only
objective difference both numerically and
statistically (p=0.00092) was between the
cumulative subtypes IA+IB+IC (Lamellar
type) and IIA+11B+11C (Bulbous type). Nor
is there a consensus regarding the
distribution of the three lamellar, bulbous
and expansive types. Bolger et al.[21]
predominantly identifies the lamellar type
(46.2%) followed by the bulbous type
(31.2%) and the expansive type (15.7%).
El-Din et al.[ 35] mention the expansive
type with a prevalence of 44%, closely
followed by the lamellar type 43.6% and
the bulbous type respectively 12.5%. We
have identified the predominance of the
lamellar type, which represents 52.87%,
followed by the expansive type with
34.48% and the bulbous type with 14.94%
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respectively. The results obtained by us are
in accordance with the prevalence
identified by Maru et al.[11] : lamellar type
42.3%, bulbous type 27% and extensive
type 30.7%.

Numerous studies such as Azgaonkar et
al. [1], Stallman et al [22], EI-Din et al.[35],
Fadda et al.[36] and Kayaet al.[37],
stipulate the causal relationship between
pneumatization of the middle turbinate and
rhinosinusitis. In his study on a group of
400 patients with chronic rhinosinusitis,
Dasar et al.[38] mentions that 54.4% of the
patients with concha bullosa present
different lesions of the sinus mucosa visible
on computed tomography. The results
recorded by our study are in accordance
with the previously presented data, 32 out
of 57 patients (56.14%) identified with CB
showing different degrees of damage to the
mucosa of the maxillary and frontal sinuses.
In addition, our study demonstrates a high
frequency of damage to the maxillary
mucosa compared to the frontal one, 62 out
of 78 versus 16 out of 78. In this case,
statistical significance was reached (p =
0.035).

The therapeutic management of
aberrant pneumatization of the middle
turbinate is complex. It addresses both the
malformation and coexisting rhinosinusal
disorders. Some authors such as Asruddin
et al.[39] indicates the use of saline flush,
steroidal and  non-steroidal  anti-
inflammatory drugs and antibiotics as
initial treatment, after which the patient
should be re-investigated to identify the
anatomical variants masked by the
inflammatory process. Antibiotic and
antifungal therapy represents a distinct
therapeutic direction in rhinosinusitis.
Taking into account the local conditions
and the multitude of germs that can settle at
the sinus level, broad-spectrum antibiotics
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are  preferred.  Another  important
characteristic is bone penetrability,
especially since dento-alveolar diseases are
a possible cause of rhinosinus infections. At
the same time, both in the case of antibiotics
and in the case of antifungals, adverse liver
and kidney toxic effects must be taken into
account [30, 31, 39-44].

The second therapeutic line is surgical
treatment. It has two directions: surgery of
the morphological anomaly (etiological
treatment) and, if the first-line treatment has
failed, surgery of the sinus -cavities.
Etiological surgical treatment should be
considered both in the case of inflammatory
rhinosinusal diseases and in the case of
rhinogenic headache [45-48].

The limitations of our study are first the
small number of patients and secondly the
fact that there is no measurable feature for
differentiating the types of pneumatization
of the middle turbinate. Under these
conditions, the risk of bias is very high both
in the case of false positive results and in
the case of false negative ones. We
neutralized this second phenomenon
through the analysis performed by two
experienced radiologists supervised by a
third radiologist. In the future, in order to
statistically strengthen the outcome, we
propose to analyze a larger group of
patients and to identify some measuring
landmarks with the aim to standardize the
evaluation method of concha bullosa.

5. CONCLUSIONS
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