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Abstract

right, and 0.005 and 0.001, respectively for the left side).

Background: We aimed to test the clinical relevance of a newly introduced anatomical classification system of the
frontal sinus and to investigate the relation between the frontal sinus type according to this system and the
development of frontal sinusitis. We retrospectively evaluated the computed tomography images of 808 frontal
sinuses of 404 patients and classified the sinuses as small, medium-sized, and large, based on their size and relation
to the orbital roof. We related this classification to the presence or absence of the findings of frontal sinusitis
including mucosal thickening, retention cyst/polyp, and/or fluid collection.

Results: We found that the most common frontal sinus type is medium-sized (65.84%), followed by the small
(22.89%) and large (11.26%) types, respectively. There was no significant difference between the right and left sides
in terms of frontal sinus type (P<0.05). We recorded sinusitis in 28 (15.1%) small, 180 (33.8%) medium-sized, and 40
(43.9%) large sinuses. And we showed that the prevalence of sinusitis in medium-sized and large sinuses is
significantly higher than that in small sinuses for both sides (P values were 0.001 and 0.015, respectively for the

Conclusion: The result obtained in this study may be considered the first step in demonstrating the clinical benefit
of this classification. However, there is no doubt that further comprehensive studies with large series are needed to
fully determine the clinical relevance of this newly introduced classification system.
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Background

Frontal sinuses are a pair of pneumatic cavities whose
development begins in the fourth month of fetal life and
continues to grow until the age of 20 years. The two
sinus cavities are separated by a septum, are almost al-
ways asymmetrical, and both extend back into the or-
bital portion of the frontal bone [1]. Frontal sinuses are
known to be one of the most variable anatomic struc-
tures of the human body. There exists a great range of
variation in terms of size, shape, and drainage pathways
among frontal sinuses of different individuals [2].
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Anatomical variations of the frontal sinuses are shown
to be closely related to the physiopathology, symptom-
atology, clinical presentation, development of complica-
tions, and the treatment of frontal sinusitis [3-8].
However, a widely accepted anatomical classification of
the frontal sinuses has not yet been developed. In the
previous studies on the anatomic variations, the authors
used the terms such as aplasia, hypoplasia, medium-size,
and hyperplasia to define the volumetric variants of the
frontal sinus [9, 10]. Or they tried to relate the develop-
ment of pathologies to the presence or absence of spe-
cial variants such as frontal recess cells [6—8]. The
classification system described by Bent and Kuhn [11] as
well as the newly described IFAC [12] has been criticized
for many aspects of clinical usability [13, 14].
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In their very recent study, Stokovic et al. showed that
there is a significant relationship between the measures
of the frontal sinus size parameters obtained on the cor-
onal plane and the extent of the frontal sinus-orbital
roof contact area. Furthermore, using cluster analysis,
they identified three types of frontal sinus based on size
and relation to the orbital cavity [15]. This is a very sim-
ple classification that gives the opportunity to identify
the frontal sinus type easily on the conventional sinus
radiograph and promises to be very useful in clinical
practice if it is determined to be significantly related to
the development of pathological processes. The aim of
the current study was to investigate the relation between
the development of frontal sinusitis and the frontal sinus
type according to the classification proposed by Stokovic
et al. [15].

Methods

Patient population and study design

With institutional review board approval, radiological re-
cords of a total of 404 patients who underwent CT of
the paranasal sinuses between January 2018 and January
2019 because of headache, nasal obstruction, anosmia,
facial pain, or facial trauma were retrospectively evalu-
ated. There were 215 men and 189 women with a mean
age of 39.8 years (range 18 to 88). Approval was pro-
vided by [Ethics Committee of University of Health Sci-
ences, Diskapr Yildirnm Beyazit Training and Research
Hospital].

CT protocol and image analysis

Imaging was performed using a 128-slice CT scanner
(Optima CT 660, GE Healthcare System, Milwaukee,
USA) using the following parameters: 120 kV; 150 mAs;
slice thickness = 0.5 mm; FOV = 18-24 cm. The left and
right sinuses were evaluated and recorded separately.

As proposed by Stokovic et al. [11], we classified the
frontal sinuses as small, medium-sized, and large accord-
ing to the extent of pneumatization of the orbital roof in
the coronal plane. The coronal section in which the
frontal sinus is depicted in its widest diameter was
chosen to classify the sinus. For a practical purpose, we
divided the orbital roof into three equal parts and made
the classification based on this division (Fig. 1):

1. Small: orbital roof pneumatization is absent or only
the medial third of the roof is pneumatized
(Fig. 2a).

2. Medium-sized: pneumatization of the medial third
and a portion of the central third of the orbital roof
(Fig. 2b).

3. Large: pneumatization involving the medial, central,
and a portion or all of the lateral third of the orbital
roof (Fig. 2c).
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Fig. 1 Coronal computed tomography section demonstrating the
division of the orbital roof in three equal parts. Medial, central, and
lateral thirds of the roof are shown by blue, yellow, and green
lines, respectively

The cases showing at least one of the following patho-
logical findings in at least one of the coronal, axial, or
sagittal frontal sinus CT sections were accepted as
frontal sinusitis:

1. Mucosal thickening: Mucosal thickening of >3mm
was accepted as a positive finding (Fig. 3a).

2. Retention cyst and polyp: As retention cysts and
polyps cannot be exactly differentiated on CT, they
were joined in the same group. A hemispherical or
dome-shaped, well-circumscribed, homogeneous
area with a smooth outline within the sinus was ac-
cepted as a positive finding (Fig. 3b).

3. Fluid collection: An air-fluid level within the sinus
was accepted as a positive finding (Fig. 3c).

Two experienced radiologists reviewed the frontal si-
nuses independently. In the cases in which a discrepancy
occurred in the interpretations of the images, a common
re-examination was performed and the final decisions
were made by consensus.

Statistical analysis

The normality of distribution of continuous variables
was tested by Shapiro-Wilk test. Mann-Whitney U test
was used to compare two independent groups for non-
normal data. Chi-square test was performed to investi-
gate the relationship between categorical variables, and
when chi-square test result is significant, Bonferroni cor-
rection was applied to adjust P values for multiple com-
parisons. McNemar-Bowker and McNemar tests were
applied to compare categorical and ordinal variables
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Fig. 2 Coronal computed tomography sections demonstrating the small (a), medium-sized (b), and large (c) types of frontal sinuses according to
their relation to the orbital roof

measured from left and right sides of the patients. All
statistical analyses were performed with SPSS for Win-
dows version 24.0 and a P value < 0.05 was accepted as
statistically significant.

Results

As the result of the evaluation of 808 frontal sinuses of
404 patients in the study group, the findings recorded in
terms of the frequency of sinus types and sinusitis are
summarized in Table 1. We recorded that the most com-
mon frontal sinus type is medium-sized (65.84%) followed
by small (22.89%) and large (11.26%) types, respectively.
There was no significant difference between the right and
left sides in terms of frontal sinus type (Table 2).

We recorded sinusitis in 156 (38.6%) patients. Of 808
frontal sinuses, 248 (30.7%) showed one or more find-
ings of sinusitis. There was no significant difference be-
tween the right and left frontal sinuses in terms of the
prevalence of sinusitis (P=0.982) (Table 3). The preva-
lence of frontal sinusitis did not differ by age (P=0.151).
However, we showed that the prevalence of frontal si-
nusitis among men is significantly higher than that
among women (P=0.008) (Table 4).

There was at least one finding of sinusitis in 28
(15.1%) small, 180 (33.8%) medium-sized, and 40 (43.9%)
large sinuses. Table 5 demonstrates the relationship be-
tween the type of frontal sinus and the frequency of si-
nusitis for both sides. We recorded a significant
relationship between the type of frontal sinus and the
frequency of sinusitis for both the right and the left
sides. The prevalence of sinusitis in medium-sized and
large sinuses was significantly higher than that in small
sinuses for both sides (P values were 0.001 and 0.015, re-
spectively for the right side, and 0.005 and 0.001, re-
spectively for the left side). Although we recorded that
as the size of the frontal sinus increased, the frequency
of sinusitis increased, the difference between the
medium-sized and large types in terms of the frequency
of sinusitis did not reach the level of statistical signifi-
cance. No significant difference between the right and
left sides was noted in terms of the frequency of sinus
types among patients with sinusitis.

Discussion
Stokovic et al. have carried out a comprehensive study
on CT-based measurements of the frontal sinus

Fig. 3 Coronal (a, b) and sagittal (c) computed tomography sections demonstrating mucosal thickening (red arrows), retention cyst/ polyp (blue
arrow), and fluid collection (purple arrow) which are taken as the criteria of the presence of frontal sinusitis
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Table 1 The findings recorded in terms of sinusitis and sinus
type in 808 frontal sinuses of 404 patients in the study group
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Table 3 Comparison of the right and left sides in terms of the
frequency of frontal sinusitis

N %
Frontal sinus type
Right
Small 97 240
Medium-sized 268 66.3
Large 39 9.7
Left
Small 88 218
Medium-sized 264 653
Large 52 129
Frontal sinusitis findings
Patients with frontal sinusitis 156 386
Right frontal sinusitis 120 29.7
Left frontal sinusitis 128 317

dimensions of cadaveric skulls and displayed the extreme
variability of the frontal sinuses in terms of size and
shape. They showed that the coronal extensions of the
frontal sinuses are proportional to their sagittal extent
and suggested a highly practical anatomical classification
of the frontal sinuses as a candidate for a universally ac-
cepted classification system. We aimed to test the clin-
ical relevance of this system and investigated the
relationship between the frontal sinus type and the de-
velopment of frontal sinusitis. We evaluated 808 frontal
sinuses of 404 patients in terms of their types according
to this novel classification system and the presence or
absence of the findings of frontal sinusitis. We found a
significant relationship between the type of the frontal
sinus and the frequency of frontal sinusitis. The preva-
lence of sinusitis in medium-sized and large sinuses was
significantly higher than that in small sinuses. Although
we recorded that as the size of the frontal sinus in-
creased, the frequency of sinusitis increased, the differ-
ence between the medium-sized and large types in terms

Table 2 Comparison of the right and the left sides in terms of
the frequency of frontal sinus types

Right frontal sinus type

Small Medium-sized Large Total
N % N % N % N %
Left frontal sinus type
Small 72 742 15 56 126 88 218
Medium-sized 24 247 231 86.2 9 231 264 653
Large 1 1.0 22 82 29 744 52 129
Total 97 1000 268 1000 39 1000 404 1000

P=0,057; McNemar-Bowker Test

Right frontal sinusitis

Positive Negative Total
N % N % N %
Left frontal sinusitis
Positive 92 76.7 36 12.7 128 317
Negative 28 233 248 87.3 276 68.3
Total 120 100.0 284 100.0 404 100.0

P=0,982; McNemar-Bowker Test

of the frequency of sinusitis did not reach the level of
statistical significance.

In line with the results of the previous studies on the
size of the frontal sinus, we recorded that the most com-
mon type is medium-sized frontal sinus type [9, 10, 15].
And in consistence with the study conducted by Stoko-
vic et al, we found no significant side-related difference
in the sizes of the frontal sinuses [15].

Sinusitis is one of the most common diseases being
dealt with in primary health-care and mostly diagnosed
based on the combination of clinical findings and con-
ventional sinus radiography [16, 17]. The frontal sinus is
the most complex one among all paranasal sinuses. And
because of its proximity to the anterior cranial fossa and
orbita, frontal sinusitis is one of the two most common
sources of orbital and cranial complications with eth-
moidal sinusitis, among other sinus infections [18, 19].
The results of the recent studies strongly suggest that
the anatomical variations of frontal sinus in terms of size
and shape are closely related to the development of both
sinusitis and its complications [3—-8]. There are studies
reporting a significant increase in the frequency of
frontal sinusitis in the presence of certain types of
frontal recess cells [6—8]. Tezer et al. recorded a signifi-
cantly higher frequency of frontal sinus hypoplasia in al-
lergic chronic rhinosinusitis patients compared to those
without allergy [4]. Natsis et al. showed that anatomical
variations characterized by the unusual spread of frontal

Table 4 Relationship between the frequency of frontal sinusitis
and age and gender

Frontal sinusitis P
Positive (N=156) Negative (N=248)
Age (mean + SD)  40.98+14.59 39.05+£15.86 0.151
Gender [N (%)]
Female 60 (38.5) 129 (52.0) 0.008*
Male 96 (61.5) 119 (48.0)

*Significant at 0.05 level; Mann-Whitney U test for numerical data, chi-square
test for categorical data
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Table 5 Relationship between the type of frontal sinus and the frequency of sinusitis for both sides

Small Medium-sized Large P
Right frontal sinusitis (N=120) 14/97 (14.4%) 92/268 (34.3%) 14/39 (35.9%) 0.001*
Left frontal sinusitis (N=128) 14/88 (15.9%) 88/264 (33.3%) 26/52 (50.0%) 0.001*

P 0.843

0.154 0.066

*Significant at 0.05 level; chi-square test. Bonferroni test was used in further comparison of the ratios following chi-square test

sinuses above the orbital roof may support the develop-
ment of orbital complications, and they suggested that
such cases should be considered as “high-risk” cases in
terms of orbital complications during the course of
frontal sinusitis [5]. Vazquez et al. emphasized that the
incidence of both the orbital and intracranial complica-
tions of frontal sinusitis is greatly influenced by the anat-
omy and size of the frontal sinuses [3].

Although the anatomical variations of the frontal sinus
are closely related to the development and course of a
disease that is very common, such as sinusitis, it is sur-
prising that a common language has not yet been devel-
oped in describing the anatomical structure of the
frontal sinus. Previous attempts to define the frontal
sinus types were based solely on the dimensions of the
sinus [9, 10]. However, since the orbital contact area of
the frontal sinus plays a critical role in the clinical
course of the disease, the classification proposed by Sto-
kovic et al. appears to be more functional than a
dimension-based approach. In our retrospective review,
we recorded the findings of frontal sinusitis in 38.6% of
the study group. And, in accordance with the previous
literature, we did not note side- or age-related differ-
ences in the frequency of frontal sinusitis [20, 21]. Using
the classification proposed by Stokovic et al., we found a
significant relationship between the type of the frontal
sinus and the frequency of frontal sinusitis. We showed
that the prevalence of sinusitis in medium-sized and
large sinuses is significantly higher than that in small si-
nuses. We believe that this original finding we obtained
in our study will contribute to the diagnostic evaluation
of sinusitis in clinical practice.

The major limitation of our study is that we made only
an imaging-based evaluation of frontal sinusitis. How-
ever, testing the relation between the anatomic type and
the presence of the disease based on a comprehensive
clinico-radiological evaluation would be a more accurate
assessment. Our second limitation is that we did not in-
clude the evaluation of the complications of frontal si-
nusitis. Third, pathologies involving the frontal sinuses
other than infection, such as malignancies, have not
been evaluated. Further comprehensive studies adopting
a clinico-radiological approach are needed to reach ac-
curate and inclusive comments regarding the clinical
relevance and usefulness of this newly-introduced ana-
tomical classification.

Conclusions

We typed frontal sinuses according to the classification
proposed by Stokovic et al. [15] and showed a significant
relationship between frontal sinus type and frequency of
frontal sinusitis. The result obtained in this study may
be considered the first step in demonstrating the clinical
benefit of this classification. However, there is no doubt
that further comprehensive studies with large series are
needed to fully determine the clinical relevance of this
newly introduced classification system.
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