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ABSTRACT
Objective: As the management of frontal sinusitis (FS) is challenging, a clear understanding of the frontal recess (FR) area is crucial. The 
purpose of this study was to compare the radiologic prevalence of frontal cells (FCs) according to the 2 widely used classification systems in 
patients with and without FS.
Methods: Computed tomography (CT) scans of paranasal sinuses of normal individuals (control group) and patients with isolated FS (FS 
group) were reviewed to identify the mucosal disease and variations of FR cells according to 3 classification systems (IFAC, European Po-
sition, and Lee) as follows: agger nasi cells (ANCs), suprabullar cells (SBCs), supraorbital ethmoid cells (SOECs), frontal bullar cells (FBCs), 
interfrontal sinus septal cells (IFSSCs) frontal cells type 1 to 4 (FCs), and anterior/posterior/medial frontethmoid cells. Data were collected 
on the right and left sides, and 56 sides were evaluated. Logistic regression analysis was used to compare the distribution of FR cells in the 
FS and control groups. The AP diameters of the FR, frontal beak, and frontal isthmus, as well as the mediolateral diameter of the FR and the 
distance between the two frontal recesses, were measured.
Results: There was no significant association between FS and the presence of FCs according to the included classifications. The prevalence 
of FS in our study did not show a statistically significant difference for most measurements. 
Conclusion: The findings of this study provide evidence that mucosal disease is an unneglecfactor leading to FS. However, in addition to 
anatomical blockage, there are other underlying factors that lead to refractory FS. 
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Introduction

The anatomical structures of the frontal recess (FR) and fron-
tal sinus are excessively variable, and a computed tomography 
(CT) scan is essential to understand these anatomical varia-
tions in FR (1, 2). With the introduction of endoscopic sinus 
surgery, detailed anatomical studies of FR gained importance. 
In addition, meticulous evaluation of the paranasal sinus vari-
ations is crucial to overcome surgical challenges. Many types 
of frontal recess cells (FRCs) such as agger nasi cells (ANCs), 
suprabullar cells (SBCs), supraorbital ethmoid cells (SOECs), 
frontal bullar cells (FBCs), interfrontal sinus septal cells (IF-
SSCs), and frontal cells type 1 to 4 (FCs) contribute to the 
complex anatomy of FR (3-7). Lund and Stammberger et al. 
(4) suggested a simple method for classifying frontoethmoidal 
cells as anterior, posterior, and medial cells. International fron-
tal sinus anatomy classification (IFAC) is a recent classification 
system and under this system, the anatomical variations of 

frontoethmoidal complex are grouped as: ANCs, supraANCs 
(SANCs), SBCs, SOECs, suprabullar frontal cells (SBFCs), and 
frontal septal cells (FSCs) (7). The pathophysiology of fron-
tal sinusitis (FS) is related to the drainage of the sinus, which 
may be deteriorated because of the abovementioned FRCs (8). 
However, various conditions such as inflammatory processes, 
mucosal edema, and polyps can predispose to obstruct FR and 
develop sinusitis.

This study aimed to evaluate the association between FRC 
types and the development of isolated FS. In addition, the ef-
fect of various FRCs on FR and frontal isthmus (FI) and frontal 
beak (FB) diameters has been examined.

Methods

Patients
A retrospective review of consecutive paranasal CT scans be-
tween 2015 and 2020 was performed. Patients older than 18 
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with a diagnosis of chronic isolated frontal rhinosinusitis with-
out nasal polyposis were included. The exclusion criteria were as 
follows: involvement of other sinuses, low-resolution CT scans, 
maxillofacial trauma, nasal polyposis, previous sinus surgery, 
sinonasal malignancy, congenital lesions, and age <18 years. 
The control group included patients without sinusitis who un-
derwent CT before septorhinoplasty. Chronic sinusitis was di-
agnosed according to the criteria of the American Academy of 
Otolaryngology, Head and Neck Surgery (8). The age and gender 
of each patient were also recorded. The study was conducted 
in a tertiary referral center, and institutional ethical approval 
was obtained from Ondokuz Mayıs University (OMUKAEK NO: 
B.30.2.ODM.0.20.08/2165).

Radiological assessment

The radiological evaluation was performed by CT scanners 
(Aquilion 16; Toshiba Medical Systems Corporation, Otawara, 
Japan) with 1-mm contiguous axial and coronal slices. Parasag-
ittal images with 1-mm thickness were reformatted on the 
Osirix (version 3.8.1) workstation system. 

2 physicians, with an attending rhinologist and an attending 
radiologist (ÖK and ATS), reviewed the PNS CT scans for mini-
mizing variability in measurements. These 2 authors separately 
evaluated all the CT scans. For the continuous variables, the 
mean values of 2 independent measurements were calculated. 
If any difference in interpretation occurred, it was clarified by 
the reevaluation of the scan with the help of sagittal reformat-
ting and a final decision was made. After reaching a consensus 
on the presence or absence of a particular frontal sinus cell or 
sinus mucosal thickening, the final data set was used to evalu-
ate the relationship between FS and anatomical variations.

Frontoethmoidal cells were reevaluated according to the sug-
gestion of the European Position Paper on the Anatomical 
Terminology of the Internal Nose and Paranasal Sinuses as 
anterior, posterior, and medial frontoethmoidal cells. IFSSC is 
referred to as a medial frontoethmoidal cell according to this 
classification (4).

Frontoethmoidal cells were categorized in accordance with 
the “frontal pneumatization pattern definitions and criteria” 
defined by Lee et al. as follows: FSCs (Kuhn types 1–4), ANCs, 

SBCs, SOECs, and IFSSCs (7). 

In addition, FCs were assessed according to the IFAC system 
to determine whether these 2 classification systems differed 
in estimating FS (3).

FS was identified when there was opacification, air fluid level, 
or mucosal thickening greater than 3 mm involving the frontal 
sinus. Radioanatomical measurements were performed as de-
scribed below: 

•	 The anteroposterior (AP) length of the FR: the distance 
between the most prominent part of the frontal bulla and 
the superior attachment of bulla ethmoidalis (Figure 1a).

•	 The AP length of the FI: the distance between the anterior 
and posterior parts of the FI (Figure 1b). 

•	 The mediolateral (ML) length of the FR (Figure 1c): the longest 
distance between the medial and lateral parts of the FR. 

•	 fFrontal Beak(FB): The length between the posterior and 
anterior parts of FB in the sagittal plan at which the AP 
length of FR is measured.

•	 Distance between bilateral frontal recess (FR): the longest 
distance between the lateral parts of FR in the coronal 
section.

Statistical analysis
Statistical data processing was performed using the R studio 
(version 1.2.5019) software. Categorical variables are present-
ed as numbers and percentages (%). Continuous variables are 
reported as mean and standard deviation (SD). Parametric 
tests were used when the variables were normally distribut-
ed according to the Kolmogorov-Smirnov, Andersen-Darling, 
and Shapiro-Wilk tests. After the evaluation of the homoge-
neity of variances by the Levene test, differences between the 
numeric variables were analyzed using the independent sam-
ples t-test or its Welch adjustment. Binary logistic regression 
analysis was employed when FCs were adjusted as predictor 
variables. Unadjusted odds ratio (OR) with 95% confidence in-
tervals (CI 95%) was calculated, with the presence/absence of 
FS accepted as the dependent variable. The level of statistical 
significance was set at p<0.05

Results

A total of 56 sides from 41 patients were assessed. Twen-
ty-eight sides, 18 from men and 10 from women, demon-
strated evidence of isolated FS (Figure 2). The control group 
consisted of 17 men and 11 women without evidence of FS. A 
total of 12 patients had unilateral FS and 8 patients (16 sides) 
had bilateral FS. Of the 28 CT images with FS, 20 (71.4%) had 
sinusitis findings in other sinuses (maxillary, ethmoid, etc). The 
mean ages of the FS and control groups were 37.5 and 30.0, 
respectively. FC 1 (Kuhn type 1) was slightly more frequent in 
the control group rather than in the FS group (P = 0.048). The 
prevalence of ANCs, SBCs, FBCs, SOEs, IFSSCs, and FCs type 
2 to 4 (according to the frontal cell classification proposed by 
Lee et al.) did not reveal an association with the increased risk 
of FS (Table 1). The IFAC system used for distributing ANCs, 
SAFCs, FBCs, SBCs, SBFs, SOECs, and FSCs did not reveal 

Main Points: 

•	 The presence of agger nasi cells (ANCs), suprabullar cells 
(SBCs), supraorbital ethmoid cells (SOECs), frontal bullar 
cells, interfrontal sinus septal cells, and frontal cells (FCs) 
type 1 to 4 did not help predict the development of isolated 
frontal sinusitis (FS).

•	 According to the International Frontal Sinus Anatomy Classi-
fication (IFAC) system, the distribution of ANCs, supra-agger 
FCs, SBCs, suprabullar FCs, and SOECs did differ in patients 
with or without frontal sinus mucosal disease.

•	 The presence of anterior, posterior, or medial frontoethmoid-
al cells did not pose a risk for the development of FS.

•	 As IFAC is a new system, it needs further investigation. 
•	 In addition to the anatomical blockage caused by frontal si-

nus cells, mucosal inflammation, and the presence of nasal 
polyposis should be taken into account.
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differences between the patient and control groups (P >.05) 
(Table 2). There was also no significant difference between 
the groups when frontoethmoidal cells were classified as an-
terior, posterior, or medial. The presence of these cells did not 
increase the risk of developing FS (p>0.05) (Table 3). The dis-
tribution of various frontal cell types according to groups is 
graphically represented in Figure 3.

As simple univariate logistic regression model showed that 
none of the FCs were significant predictors of FS develop-
ment, and no multivariate regression model was built.

Among the measured diameters, none demonstrated a signifi-
cant difference between the 2 groups (Table 3). The ML diam-
eter of FI was greater (4.63±2.41) in sides with FS than in sides 
without FS (3.30±1.43) (independent samples t-test, p=0.015). 
The ML and A=P dimensions of FR did not differ in patients with 
and without FS. Furthermore, the AP diameter of FB, distance 
between the FB and nasal bone, and distance between bilateral 
FR showed no statistically significant difference.

Discussion

The main finding of our study is that isolated FS is not associated 
with anatomical variations of the frontal region FCs were cate-
gorised in three ways based on the three classifications, however 
statistical analysis found that they did not increase the incidence 
of FS.In addition, we evaluated whether FCs had an effect on the 
diameters of FR, FI, and FB. One of the novel aspects of our study 
was its focus on isolated frontal disease. Multiple sinus disease 
has been addressed in previously published studies (6-8). The 
clinical importance of FCs lies in their potential to cause FS by 
obstructing the frontal sinus outflow. To facilitate the drainage 
of the FS, preoperative analysis and intraoperative dissection of 
FRCs are crucial. High-resolution CT scanning has enhanced the 
understanding of FR anatomy and variable FR cells.

It is widely accepted that the pathophysiology of FS is related 
to the ventilation of the sinus via FR (5). The narrowing of FR 
due to anatomical variations, obstruction, mucosal edema, pol-
yp, or adhesion may obstruct FR and cause FS. 6 Owing to this 
causative relationship, we assessed whether these cells were 
associated with FS.
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Table 1. Influence of various frontal recess cell types with 
the presence of frontal sinusitis as outcome (According to 
Classification of Lee et al. (7))

Cells

Frontal  
sinusitis  

n (%)
No frontal 

sinusitis (%)

Unadjusted  
(simple regression)

OR (95% CI) pa

ANC 28 (53.8) 24 (46.2) 1.29(0.20-8.37) 0.792

SBC 11 (47.8) 12 (52.2) 1.56 (0.54-4.55) 0.415

FBC 5 (55.6) 4 (44.4) 0.95 (0.22-3.95) 0.939

SOE 2 (33.3) 4 (66.7) 2.64(0.44-15.7) 0.287

FC1 12 (41.4) 17 (58.6) 2.99(1.01-8.84) 0.048

FC2 7 (50) 7 (50) 1.00 (0.34-2.98) 1.00

FC3 7 (50) 7 (50) 1.26 (0.37-4.22) 0.705

FC4 4 (50) 4 (50) 1.22(0.27-5.47) 0.788

IFSSC 1 (25.0) 3 (75.0) 3.91 (0.38-40.1) 0.251
n: Number, OR: Odds ratio, CI: Confidence interval, ANC: Agger nasi cells, FBC: 
Frontal bullar cell, SBC: Suprabullar cell, SOE: Supraorbital ethmoid cell, FC1 to 
4: Frontal cell types (Kuhn) 1 to 4, and IFSSC: Interfrontal sinus septal cell
aUnivariate binary logistic regression
Bold prints in ‘p’ column indicate a significant statistical difference between the groups.

Table 2. Influence of various frontal recess cell types on 
development of frontal sinusitis (IFAC Classification)

Cells

Frontal 
sinusitis   

n (%)

No frontal 
sinusitis  

n (%)

Unadjusted  
(simple regression)

OR (95% CI) pa

ANC 27 (50.9) 26 (49.1) 2.00(0.86-4.367) 0.109

SANC 14 (43.8) 1856.3) 0.29 (0.88-0.99) 0.050

Small SAFC 9 (56.3) 7 (43.8) 0.99 (0.25-3.76) 0.983

Large SAFC 3(37.5) 5(62.5) 0.27(0.04-1.71) 0.165

SBC 14 (56.0) 11 (44.0) 1.66(0.47-5.85) 0.426

SBF 7 (63.6) 4 (36.4) 2.16(0.45-10.5) 0.339

SOEC 5 (62.5) 3 (37.5) 3.11 (0.47-20.2) 0.235

FSC 2 (40.0) 3 (60.0) 0.42 (0.04-3.92) 0.443
n: Number, OR: Odds ratio, CI: Confidence interval, ANC: Agger nasi cells, SAFC: 
Supragger frontal cell, FBC: Frontal bullar cell, SBC: Suprabullar cell, SANC: 
Supra agger nasi cells, SBF: Suprabullar frontal cell, SOE, Supraorbital ethmoid 
cell, FSC: Frontal septal cell
aUnivariate binary logistic regression

Table 3. Distribution of frontal cell types in patients with and 
without frontal sinusitis (According to European Position 
Paper on the Anatomical Terminology of the Internal Nose 
and Paranasal Sinuses)

Cells

Frontal 
sinusitis   

n (%)

No frontal 
sinusitis  

n (%)

Unadjusted (simplae 
regression)

OR (95% CI) pa

Anterior FEC 25 (56.8) 19 (43.2) 0.88(0.24-5.32) 0.854

Posterior FEC 24 (64.9%) 13 (35.1) 2.64 (0.81-8.57) 0.107

Medial FEC 1 (25.0%) 3 (75.0) 0.22 (0.21-2.29) 0.206
n: Number, OR: Odds ratio, CI: Confidence interval, FEC: Frontoethmoidal cell
aUnivariate binary logistic regression

Table 4. Comparison of radioanatomical measurements 
between the patients with and without frontal sinusitis

Measurement

Frontal 
sinusitis  

Mean (SD)

No Frontal 
sinusitis  

Mean (SD) p*

Frontal Isthmus (AP) 4.69 (2.55) 4.72 (1.33) 0.949

FR (AP) 7.00 (3.77) 8.38 (2.13) 0.098

FR (ML) 7.57 (3.74) 7.72 (1.99) 0.846

Frontal Beak (AP) 13.33 (4.83) 15.46 (3.97) 0.078

Frontal Beak-Nasal Bone 3.09 (0.43) 3.28 (0.38) 0.083

Distance between 
bilateral FR

2.56 (0.43) 2.43 (0.41) 0.266

AP: Anteroposterior, FR: Frontal recess, ML: Mediolateral, SD: Standard deviation
*independent samples t-test



According to previous literature, SBCs, SOECs, FBCs, FC3, and 
FC4 were considered responsible for the narrowing of FR and 
the development of FS (5, 7, 8). Lien et al. (8) reported that the 
presence of SBCs, FBCs, and SOECs had higher impact than 
that of other FR cells in the pathogenesis of FS. We found no 
significant connection between the development of FS and 
the presence of FRCs in univariate analysis.Kubota et al. found 
that FBCs had a greater association with the development of 
FS than other FR cells (5). Although the prevalence of FBCs 
was slightly higher in CT images with FS, this difference was 
not statistically significant in our series.

The presence of SBCs, FBCs, and SOECs was related to the short-
ening of the AP diameters of FR and frontal ostium in the study by 
Lien et al. (8) However, we found no relationship between the fre-
quency of FRCs and the diameters of FR, FI, and FB. Makihara et 
al. examined the relationship between the width of FR and FRCs. 
As per their findings, the volume of ANC and the A-P length of FI 
and FR were positively correlated, but the thickness of FB was not 
correlated (2). In contrast, Park et al. showed that there was no 
correlation between FB thickness and ANC size (9). Our results 
supported the findings of Park et al. as the presence or absence of 
ANC had no influence on FB thickness. When we investigated the 

prevalence of FR cells, we found that ANCs had the highest prev-
alence in patients with or without FS (92.9% and 89.3%, respec-
tively). The high frequency of ANCs may yield this non-significant 
result. In contrast to our findings, Meyer et al. reported a higher 
incidence of FS in patients with FC3 and FC4. This difference can 
be attributed to the smaller number of patients in our series with 
FC3 and FC4 (10). None of the cell types of the conventional or 
IFAC classifications were prevalent in the isolated FS cases. Un-
like conventional classification, IFAC introduced SANCs, SAFCs, 
and SBFCs. However, these cells were not abundant in the isolat-
ed FS cases in our series. It might be speculated that these two 
classification systems are equally accurate to classify anatomical 
variations in the FR area. 

Although anatomic variations of FR have an important role FS, 
to understand the etiology of sinusitis, mucosal disease should 
not be underestimated. We could not obtain a significant rela-
tionship between the presence of various FR cells and FS. Oth-
er factors associated with FS, such as mucosal inflammatory 
mechanisms, variations in middle and superior turbinate, and 
nasal ventilation mechanisms should be investigated in addi-
tion to FR anatomy. 

Otto et al. described 7 major factors associated with FS and 
mucosal disease that had higher importance than ANCs and 
ethmoid cells (11). Even if the ventilation of the outflow tract is 
adequate, the mucosal inflammatory process and edema can 
obstruct FR. Lai et al. stated that mucosal inflammation of the 
FR and sinus lateralis are major factors leading to the blockage 
of drainage pathways in chronic FS (12).

In our study, retained fluid due to mucosal edema and obstruc-
tion can be attributed to the occurrence of FS rather than an-
atomical obstruction. Del Gaudio et al. found no association 
between the diameters of FI and the presence of FS and hy-
pothesized that mucosal inflammatory processes are proba-
bly a much more important etiologic factor in FS (13, 14). We 
also did not find a difference in the diameters of FI with various 
types of FCs. In addition, we observed that the vast majority 
(71.4%) of CT images with FS had sinusitis in adjacent sinuses, 
which supports the opinion of Del Gaudio et al. 

Han et al. (14) found inflammatory polyps, followed by syn-
echia as the most common cause of chronic FS in patients 
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Figure 2. The distribution of frontal cell types in patients with frontal sinus-
itis and control group

Figure 1. a-c. The measurement of anteroposterior length of the frontal recess (a), A-P length of the frontal isthmus (b), and mediolateral (ML) 
length of the FR (c)

a b c
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Figure 3. a-c. The distribution of various frontal cell types according to groups was graphically represented: (a) Lee classification: agger nasi cells 
(ANCs), frontal bullar cells (FBCs), suprabullar cells (SBCs), supraorbital ethmoid cells (SOECs), frontal cells (FCs) types 1 to 4 (Kuhn) 1 to 4, and 
interfrontal sinus septal cells (IFSSCs). (b) International Frontal Sinus Anatomy Classification: ANCs, FBCs, SBCs, SOECs, FC (Kuhn) 1 to 4, and 
IFSSCs. (c) European Position Paper on the Anatomical Terminology of the Internal Nose and Paranasal Sinuses: frontoethmoidal cell(FEC)

c

b

a



who underwent endoscopic frontal sinus surgery. In our study, 
we excluded nasal polyposis cases to analyze the role of FR 
cells independent from the direct effect of mucosal disease. 
To be able to determine the relationship between the anatom-
ical variations in patients with polypoid chronic rhinosinusitis, 
further studies are necessary. A study can be conducted to de-
termine whether anatomical variations of the frontal sinus af-
fect surgical success. As we did not perform surgery on all our 
patients, we did not include our surgical results in this study. 
One of the limitations of this study is the relatively small sam-
ple size compared to other studies in the literature. The lack 
of additional subjective measurements such as mucosal thick-
ness or pneumatization of middle turbinate can be accepted 
as a limitation. A comparative study with a greater number of 
patients, including more radiological parameters, may clarify 
the underlying mechanism of FS. As the presence of mucosal 
inflammation, smoking, or allergy may interfere with the role of 
FR cells, future studies should be conducted after the exclu-
sion of these factors.

We ascertained that FRCs had no statistically significant rela-
tionship with the occurrence of FS. Although the presence of 
FR cells may narrow the frontal sinus drainage route, anatom-
ical alterations may not be solely responsible for the develop-
ment of FS. The pathophysiology of this disease is related to 
multiple factors, including mucosal inflammation, polyp for-
mation, and anatomical obstruction that concomitantly affect 
the development of FS. 
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