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ABSTRACT

Objective: The morphology and anatomical structure of the frontal sinus and recess are quite complex. The assessment of sinus ventilation is
important in understanding the pathophysiology of chronic frontal sinusitis. The present study investigates the effects of frontal recess mor-
phology, frontal beak thickness, and frontal sinus cell pneumatization variations on chronic frontal rhinosinusitis and examines the role of frontal
beak thickness in frontal sinusitis.

Methods: Frontal recess morphology, frontal sinus anatomy and pneumatization variations, and frontal beak thickness were analyzed with
paranasal sinus-computed tomography scans, and the findings of the participants with and without frontal sinusitis were examined through
logistic regression analysis.

Results: Frontal beak thickness was greater in the chronic frontal rhinosinusitis group, while the frontal sinus ostium width and frontal recess
width were greater in the control group (P < .001). The incidence of frontal air cells was statistically significantly higher in the chronic frontal
rhinosinusitis group than in the control group (P < .05).

Conclusion: The findings of our study reveal the narrowing of the frontal recess is an important factor in the development of chronic frontal
sinusitis. Accordingly, frontal recess and frontal sinus anatomical structures should be assessed in detail in cases of chronic frontal sinusitis, and
changes in these structures should be taken into consideration for treatment. The lack of any significant correlation between bone density and
sinusitis suggests that chronic frontal sinusitis does not cause histopathological changes in the bony structure of the frontal beak.
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Introduction sinus drainage.® The anatomical structure of the frontal sinus
varies from person to person and with age and sex. The 2 sides

Rhinosinusitis is a common public health problem worldwide  of the frontal sinus may differ in morphological terms.?

that is associated with productivity and economic losses.

Chronic rhinosinusitis (CRS) occurs in 5%-12% of the general
population." Chronic frontal rhinosinusitis (CFRS) results from
frontal recess obstructions, caused mainly by chronic edema
and inflammation of the anterior ethmoid cells and the sur-
rounding frontal ostium.?

The detailed assessment and treatment of frontal sinusitis
require knowledge of the frontal sinus anatomy and morphol-
ogy. Frontonasal region anatomy is of great importance in the
development of chronic sinusitis due to the complex 3-dimen-
sional (3D) anatomical structure of the ethmoidal infundibu-
lum and the frontal recess. Every frontal sinus has an internal
frontal ostium, the size of which is very important in frontal

The anteroposterior diameter of the frontal sinuses, the ana-
tomical structure of the frontal recess, and the formation of
neo-osteogenesis are important in the success of surgical
treatment.* Neo-osteogenesis has been correlated with dis-
ease severity and is a poor prognostic factor.! Stammberger
reported that the anatomical structures of the frontal recess
at the frontal sinus ostium affected the physiological and
pathological conditions.®

The nasofrontal beak (NFB) is the midline bony thickening, as
the extension of the nasal process of the frontal bone. The
NFB is considered the anterior boundary of the frontal sinus
ostium and the frontal recess,® and its thickness is important

Corresponding author: Gozde Orhan Kubat, e-mail: gozde.orhan@alanya.edu.tr
Received: December 13,2021 Accepted: January 31, 2022 Publication Date: February 17, 2023

Available online at www.b-ent.be

CC BY 4.0: Copyright@Author(s), “Content of this journal is licensed
under a Creative Commons Attribution 4.0 International License.”


http://creativecommons.org/licenses/by/4.0/
mailto:gozde.orhan@alanya.edu.tr
http://orcid.org/0000-0002-3119-0009
http://orcid.org/0000-0003-3429-8610

B-ENT 2023; 19(1): 2-8

in endoscopic approaches to the frontal sinus. It is the poste-
rior bony protrusion at the lowest part of the anterior table of
the frontal sinus seen on parasagittal computed tomography
(CT) scans.

The anteroposterior distance between the nasofrontal beak
and the point at which the ethmoid bulla attaches to the skull
base is an important landmark for functional endoscopic sur-
gery.”® Computed tomography is used to determine the loca-
tion and extent of inflammation in chronic sinusitis cases and
when planning surgery.! Sagittal CT accurately identifies the
dimensions of the frontal sinus ostium and frontal recess and
also clearly shows the distance between the nasofrontal beak
and the point at which the posterior plate of the frontal sinus
attaches to the anterior skull base.®

For accurate surgical strategy planning in CFRS, the nasofron-
tal recess cells and the frontal sinus drainage pathway should
be examined and analyzed in full.2

In the present study, high-resolution CT images were used
to analyze patients with and without frontal sinusitis. The
aim in this regard was to determine the presence of various
frontal recess cells, frontal sinus ostium width, frontal recess
width, frontal beak thickness, and frontal beak density in
patients with and without frontal sinusitis and to reveal
the relationship of these parameters with frontal sinusitis
development.

Methods

This retrospective, cross-sectional study was initiated after
Ethics Committee approval was obtained. An assessment was
made of the 328 patients who underwent CT of paranasal
sinuses (PNS) between January 2020 and September 2020
and who were diagnosed with CRS and allergic and non-aller-
gic rhinitis based on clinical and endoscopic findings at the
Medical Faculty Hospital.

The study group included 200 patients aged >18 years, the
400 sides of which were divided into 2 groups, with 200 sides
with frontal sinusitis findings identified on CT assigned to
1 group and 200 sides without frontal sinusitis findings
assigned to the other group. The group without frontal sinus-
itis was considered the control group.

The exclusion criteria included sinus malignancy, previous sinus
surgery, aged <18 years, presence of fibro-osseous lesions,

Main Points

The narrowing of the frontal recess is an important factor in
the development of chronic frontal sinusitis.

The presence of frontoethmoid cells and an increase in
frontal beak thickness narrow the frontal recess. The pres-
ent study found the frontoethmoidal cells to be significantly
higher in CFRS patients. While the frontal beak was thicker in
patients with chronic sinusitis, the frontal sinus ostium and
the frontal recess were wider in the healthy group.

No significant correlation was identified between bone den-
sity and sinusitis, and although this finding suggests that no
change in the cellular structure of the bone occurs in sinusitis,
further studies are required to provide further clarification.
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maxillofacial trauma, or congenital anomalies, as a result of
which 128 patients were excluded from the study.

The CT scans of the patients were acquired using a 16-slice
MDCT scanner (Toshiba Alexion™/Advance, Toshiba Medical
Systems Corporation Nashu, Japan) with the following param-
eters: 0.8 mm thickness in the axial plane, 0.4 mm gap, 120 kV,
180-230 mA, 0.4 pitch, 0.75-s rotation time, 16 x 0.75 mm
collimation, 512 x 512 matrix and 200 x 200 mm FOV. The
axial, coronal, and sagittal images were assessed together by
performing a 3D multiplanar reformation on the images of all
patients using a radiology workstation (Sectra Workstation
IDS7, Linkoping, Sweden).

The presence of soft tissue in both frontal sinuses (right/
left) was investigated; the frontal beak thickness/density,
anteroposterior diameter of the frontal sinus ostium, and
frontal recess width were measured; and the frontal air cell
variations were evaluated. Clinically, symptoms of fullness or
heaviness in the frontal head, frontal pain, nasal obstruction,
and nasal discharge, as well as mucosal thickening of >3 mm
in the frontal sinuses, and the surrounding anatomical parts on
CT imaging were defined as chronic frontal sinusitis.

When comparing the data of the bilateral sinusitis patients and
the control group, the sides were randomly selected.

The frontal beak width was measured from the middle part of
the frontal beak on the sagittal image at the point where the
beak was most prominent (Figure 1). Frontal beak density was
measured in Hounsfield Units (HU) in the region of interest
covering the largest area without exceeding the bone in the
image section in which the thickness was measured (Figure 2).

Frontal sinus ostium width was measured from the sagittal
image at the point where the ostium was most prominent.
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Figure 1. Measurements on sagittal reformatted CT images (*frontal
beak width, #frontal sinus ostium width, *frontal recess width). CT,
computed tomography.
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Figure 2. Frontal beak density measurements on sagittal reformatted
CT image. CT, computed tomography.

The frontal recess width was measured from the middle part
of the sagittal image where the recess was most prominent.
Frontal recess width and frontal ostium width were measured
between the bony walls in patients with soft tissue in the fron-
tal recess and frontal ostium (Figure 1).

The frontal air cells were classified in accordance with the
International Frontal Sinus Anatomy Classification (IFAC),° with
agger nasi cells (ANCs), supra ANCs (SANCs), supra agger fron-
tal cells (SAFCs), supra bulla cells (SBCs), supra bulla frontal
cells (SBFCs), supraorbital ethmoid cells (SOECs), and frontal
septal cells (FSCs) being assessed bilaterally (right/left).

Statistical Analysis

Descriptive data were presented as numbers and percent-
ages for categorical data and median and minimum-maximum
or mean =+ standard deviation for continuous data. The cate-
gorical data were compared using chi-square and Fisher tests
where appropriate. The normality of the measurement data
was assessed with Kolmogorov-Smirnov tests. The normally
distributed measurement data were compared using an inde-
pendent samples test and the non-normally distributed mea-
surement data using a Mann-Whitney U test. A P value of <.05
was considered statistically significant for all analyses. The
analyses were performed using Statistical Package for Social
Sciences 24.0 (IBM SPSS Corp.; Armonk, NY, USA) package
program.

Ethics approval

All data collection and analysis were carried out with the
approval of the research ethics committee of Alanya Alaaddin
Keykubat University (No: 25-2, Date: November 19, 2020).
The study protocol conforms to the ethical guidelines of the
1975 Declaration of Helsinki as reflected in approval by the
ethics committee. Informed consent was obtained for experi-
mentation with human subjects.

Informed consent was obtained from patients who partici-
pated in clinical investigations, and permission to use the data
of the patients was obtained from the chief physician.
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Results

An analysis of the demographic data revealed 44% of the
patients to be female and 56% to be male, with a mean age
of 38 (18-87) years. Bilateral frontal sinusitis was detected in
69% and unilateral frontal sinusitis in 3% of the patients.

Chronic frontal rhinosinusitis was more common in men than
women (P <.001). The mean age was 42 years in patients with
frontal sinusitis and 34 years in those without frontal sinus-
itis, being statistically significantly higher in the frontal sinusitis
group (P < .05).

The frontal beak thickness (mm) was higher on the sinusitis (+)
side than on the healthy side in the CFRS group (7.6 + 1.0 vs.
5.2 + 1.4, respectively), and this difference was statistically
significant (P < .001). The frontal sinus ostium width (mm)
(4.6 + 1.1 vs. 3.3 + 1.2, respectively) and the frontal recess
width (mm) (4.3 £1.1vs. 3.1 +£ 1.2, respectively) were greater in
the healthy side than on the sinusitis (+) side, and this differ-
ence was statistically significant (P < .001). The difference in
frontal beak density (HU) measurements between the healthy
side and the sinusitis (+) side was not statistically significant
(1262.6 + 142.5 vs. 1207.0 + 114.6, respectively) (Table 1).

The frontal beak thickness was statistically significantly greater
in the CFRS group than in the control group (P <.001), and the
frontal sinus ostium width and the frontal recess width were
greater in the control group, to a statistically significant degree
(P <.001) (Table 2).

The incidences of ANCs, SANCs, SAFCs, SBCs, SBFCs, SOECs,
and FSCs in the CFRS and control groups were analyzed. The
incidence of ANCs was 100%, SANCs was 46.2%, SAFCs
was 21.9%, SBCs was 82.8%, SBFCs was 39.1%, SOECs was
18.3%, and FSCs was 30.2% in the CFRS patients. The per-
centages of frontal air cells were statistically significantly
higher in the CFRS group than in the control group (Table 3,
Figure 3) (P <.05).

Discussion

Chronic rhinosinusitis is typically a disease of middle age, with
a peak incidence between the fourth and fifth decades of life.

Table 1. Comparison of Sinusitis (+) and Healthy Side Data
in the Chronic Frontal Rhinosinusitis Group

Sinusitis (+)
Healthy Side Side
Mean + SD Mean + SD P2
Frontal beak 52+14 76+1.0 <.001
thickness (mm)
Frontal beak 1262.6 + 1425 1207.0+114.6 .096
density (HU)
Frontal sinus 46 +1.1 33+12 <.001
ostium width (mm)
Frontal recess 43 +1.1 3112 <.001

width (mm)

3Independent samples t-test.
SD, standard deviation.
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Table 2. Comparison of Sinusitis (+) and Control Group Patient Data in the Chronic Frontal Rhinosinusitis Group

The CFRS (+) Group The Control Group
Median (Min—-Max) Median (Min—-Max) pm
Frontal beak thickness (mm) 7.9 (5.4-10.4) 59 (3.4-10.9) <.001
Frontal beak density (HU) 1260.0 (976.0-1491.0) 1288.0 (1041.0-1620.0) .024
Frontal sinus ostium width (mm) 3.8 (1.7-6.5) 4.8 (1.0-9.2) <.001
Frontal recess width (mm) 35 (1.5-6.0) 45 (0.7-9.0) <.001

™Mann-Whitney U test.
CFRS, chronic frontal rhinosinusitis.

Table 3. Comparison of the Sinusitis (+) and Control Group Patient Data in the Chronic Frontal Rhinosinusitis Group

The CFRS (+) Group The Control Group
n (%) n (%) P~
Agger nasi cells (+) 169 (100.0) 148 (87.6) <.001
(=) 0 (0.0) 21 (12.4)
Supra agger cells (+) 78 (46.2) 49 (29.0) .001
(=) 91 (563.8) 120 (71.0)
Supra agger frontal cells (+) 37 (21.9) 23 (18.6) .046
(-) 132 (78.1) 146 (86.4)
Supra bulla cells (+) 140 (82.8) 99 (58.6) <.001
(-) 29 (17.2) 70 (41.4)
Supra bulla frontal cells (+) 66 (39.1) 25 (14.8) <.001
(-) 103 (60.9) 144 (85.2)
Supraorbital ethmoid cells (+) 31(18.3) 15 (8.9) .011
(=) 138 (81.7) 154 (91.1)
Frontal septal cells (+) 51 (30.2) 29 (17.2) .005
(=) 118 (69.8) 140 (82.8)

*Chi-square test.
CFRS, chronic frontal rhinosinusitis.

Women are less likely to be affected than men, although their
symptoms tend to be more severe.'o"

Chronic frontal rhinosinusitis was observed more frequently
in men than women, and the difference was statistically sig-
nificant. Patients with CFRS (+) (42 years) were older than the
healthy group (34 years), and the difference was statistically
significant. The study by Kubota et al' found that patients
with frontal sinusitis were older than those without frontal
sinusitis, although the difference was statistically insignificant.

The development of chronic sinusitis after an upper respiratory
tract infection can be attributed to a number of etiological fac-
tors, such as anatomical variations, mucociliary abnormalities,
and immunodeficiency.?

The frontal recess is a complex narrow space posterior to the
frontal beak in the shape of an inverted funnel and is sur-
rounded by various pneumatized cells into which the frontal
sinus drains.” Generally, frontal sinus ventilation is affected
by the anatomical structure and inflammation of the frontal
recess cells, which can cause a narrowing of the frontal sinus

drainage pathway." Previous studies examining the relation-
ship between frontal beak thickness and frontal sinus pneu-
matization has reported a narrowing of the frontal drainage
pathway with increasing frontal beak thickness, leading to
frontal rhinosinusitis.™

In the present study, a greater frontal sinus ostium width (mm)
(4.6 + 1.1) and a greater frontal recess width (mm) were iden-
tified in the CFRS (+) healthy group (4.3 + 1.1), while frontal
beak thickness (mm) was greater in the CFRS (+) patient group
(7.6 +1.0). When the data of the CFRS and control groups were
compared, the frontal beak was noted to be thicker (7.9 mm
vs. 5.9 mm) on the sinusitis (+) side, while the frontal sinus
ostium (4.8 mm vs. 3.8 mm) and the frontal recess (4.5 mm vs.
3.5 mm) were wider in the control group. In the present study,
it was revealed that as the frontal sinus drainage pathway
narrows, there is a greater likelihood of chronic sinusitis with
increasing frontal beak thickness. These data support the sug-
gestion that a narrowing of the frontal recess is an important
predisposing factor for the development of chronic sinusitis,
and these findings are consistent with the abovementioned
literature data.
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Figure 3. The percentages of frontal air cells in the CFRS and control groups. CFRS, chronic frontal rhinosinusitis.

According to Stammberger, the frontal recess is the most
anterior and upper part of the anterior ethmoid complex to be
associated with the structure of the frontal sinuses.'® The fron-
tal sinus outflow pathway is a potential space between the walls
of sinus cells in the frontal recess. The location and size of the
frontal sinus outflow pathway depend on the size and location
of the sinus cells in the frontal recess.'® Although there have
been studies reporting frontal cells to have no impact on sinus-
itis development, there have been several studies suggesting
that frontal cells cause changes in the anatomical structure of
the frontal recess, depending on their size and localization, and
play a role in the development of chronic sinusitis.'®'® Agger
nasi cell, formed as a result of pneumatization of the lateral
nasal wall, is located anterior and superior to the middle turbi-
nate insertion and is the most anterior ethmoid cell. Agger nasi
cells can narrow the frontal recess depending on their degree
of pneumatization.'® Although there have been studies report-
ing no statistically significant relationship between frontal
beak thickness and the size of ANCs, a previous study claimed
that frontal beak thickness decreased with the increasing
pneumatization of ANCs and frontoethmoidal cells."”

There are different classifications of frontoethmoidal
cells,'®20 all of which seek to name the anatomy based on
the location of the cells and to allow easier communication
between surgeons in frontal sinus endoscopic sinus surgeries.®

The present study classified the frontoethmoidal cells in
accordance with the IFAC approach. The rate of ANCs was

(100%), SANCs was (46.2%), SAFCs was (21.9%), SBCs was
(82.8%), SBFCs was (39.1%), SOECs was (18.3%), and FSCs
was (30.2%) in the CFRS sinusitis (+) patient group. The inci-
dence of frontoethmoidal cells was statistically significantly
higher in the study group than in the control group. The high
rate of all cells included in the assessment on the sinusitis side
suggests that frontoethmoidal cells are a predisposing factor
for the development of sinusitis.

The study by Kubota et al' involving a Japanese sample of
patients found the rate of frontal bulla cells to be statisti-
cally significantly higher in those with chronic sinusitis, while
there was no statistically significant difference in other cells.
The authors suggested that FBCs narrowed the frontal sinus
drainage pathway, leading to sinusitis. A study of Taiwanese
patients with chronic sinusitis revealed the rate of SBCs to be
statistically significantly higher in patients with frontal sinus-
itis than in those without sinusitis and concluded that SBCs,
FBCs, and SOECs were associated with chronic frontal sinus-
itis, while no association was established between ANCs and
frontal sinusitis.?' The study by Kiigukgulinay et al?? from Turkey
reported the rate of ANCs to be statistically significantly higher
in patients with sinusitis. Previous studies have demonstrated
that the morphology of frontal recess cells, the anatomical
structures of the frontal ostium and ANCs, and the thickness
of the frontal beak varies from person to person.'*'s

The incidences of ANCs, SBCs, SBFCs, SOECs, and FSCs in
the present study were higher than in those conducted in
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Japanese, Chinese, Taiwanese, and Korean populations. It is
believed that this difference is due to the racial differences
between study groups.' 182!

Histopathological changes are known to occur both in the
mucosa and in the bony structures in inflammatory diseases of
the PNS.2% In their study measuring bone thickness and den-
sity in cases with maxillary sinusitis, Joshua et al** established
a statistically significant correlation between the degree of
inflammation and bone thickness but no significant correlation
with bone density.

In this study, it was observed that there was no statistical dif-
ference in frontal beak bone density between the sinusitis
patients and the control group (P > .05), and no correlation
could be established between chronic sinusitis and bone den-
sity. This finding is consistent with the abovementioned litera-
ture data.

The anatomy of the frontal recess including the frontoeth-
moidal cells is very complex. It is interesting to note that in
case of CRS of the frontal sinus, some anatomical variations
seem to be more common. However, as it was noticed for the
middle meatus (conca bullosa for example), these are anatom-
ical variations. Some pictures with complex anatomy of the
frontal recess without any sinusitis are shown in the study. It is
believed that the anatomy alone is the sole factor, but it must
be associated with inflammation of the mucosa or other dis-
ease; anatomical variations do not play the sole in the patho-
genesis of the frontal sinusitis but represent a great difficulty
during the surgery.

One of the limitations of our study was its assessment of only
200 patients and there is a need for a greater amount of data.
Another limitation was that some of the patients had simul-
taneous chronic sinusitis findings in other PNS, and not all
patients had isolated CFRS. This led to the random selection
of sides for assessment when comparing the bilateral sinusitis
patients with the control group, when it would be more appro-
priate to assess a larger series of patients with isolated frontal
sinusitis.

The inability to clearly distinguish between rhinosinusitis
caused by allergies, nasal polyps, mucosal edema, scar forma-
tion, and mucociliary clearance disorders, and CFRS due to
isolated anatomical and morphological causes emerged as a
clinical limitation.
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