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Background: This study explored the prevalence of frontal cells and the relationship 
between different types of frontal cells classified using the International Frontal Sinus 
Anatomy Classification (IFAC) and frontal sinusitis.
Methods: A retrospective cross-sectional study was conducted with 1006 CT scans of 
paranasal sinuses. Identification of frontal sinus cells was based on IFAC. The scans were 
classified into no frontal sinusitis, frontal sinusitis, isolated frontal sinusitis, no sinusitis.
Results: Agger nasi cells were the most common (91.9%). The prevalence of supra agger 
cell (SAC) was 28.7%, while the supra agger frontal cell (SAFC) was only 15.8%, the supra 
bulla cell (SBC) was 59.7%, the supra bulla frontal cell (SBFC) was 25.8%. Supra orbital 
ethmoid cell (SOEC) and frontal septal cell (FSC) were identified in 6.9% and 14.3% of the 
cases, respectively. Patients with SAFCs and SBFCs were significantly more likely to 
develop frontal sinusitis (Odds Ratio (OR)=1.78, 95% confidence interval (CI) 1.24–2.56 
and OR=2.70, 95% CI 1.98–3.66). Isolated frontal sinusitis was found in 10 scans and was 
associated with the presence of SAC (OR=3.76, 95% CI 1.02–13.90).
Conclusion: In Vietnamese adult patients, frontal cells based on IFAC were prevalent and 
were associated with frontal sinusitis development, including isolated frontal sinusitis.
Keywords: International Frontal Sinus Anatomy Classification, frontal sinusitis, frontal 
cells, multiplanar computed tomographic analysis

Introduction
Among patients with frontal sinusitis, there is a high level of treatment failure using 
internal medication, possibly due to the complexity of frontal recess and the 
presence of frontal cells.1–3 The frontal recess is a complex space with an approxi-
mately inverted funnel shape whose apex is at the frontal ostium. In the frontal 
recess, multiple anterior ethmoid cells can be pneumatized. The complexity of the 
frontal recess and the risk of injury to the orbital and skull base during frontal sinus 
surgery are practical challenges even for experienced surgeons. Moreover, when 
performing endoscopic frontal sinus surgery, failure to remove frontal cells is 
among the most common causes of narrow frontal recess and frontal sinusitis 
recurrence.1 In a study by Otto and DelGaudio among patients with revision frontal 
recesses, 74% were found to have retain frontoethmoidal cells.3
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Therefore, understanding the frontal cells can assist 
surgeons in conducting effective treatments for frontal sinu-
sitis. In 1995, Kuhn classified the cells seen in the frontal 
recess and frontal sinus, but the International Frontal Sinus 
Anatomy Classification (IFAC) published in 2016 has been 
believed as an easier and more user-friendly approach to 
classify these cells. According to IFAC, three main types of 
cells exist in frontal recess, including cells that push the 
frontal sinus drainage pathway (FSDP) medially, posterior, 
anteriorly and laterally.4 The IFAC describes in detail the 
number and position of frontal cells and how these cells 
influence the frontal drainage pathway which is helpful in 
frontal endoscopic sinus surgery. This classification has 
been proved to be reliable. For example, Villarreal et al 
reported that IFAC has high level of test–retest reliability 
and inter-rater reliability with substantial to nearly perfect 
agreement among different rhinologists using IFAC at dif-
ferent points of time.5

To explore the frontal recess cells, Computed 
Tomography (CT) has been recommended due to its conve-
nience and accuracy. The development of this technique, 
particularly the availability of triplanar CT images, has chan-
ged the view of surgical anatomy in the frontal recess. CT can 
assist to view the cells in frontal recess of the coronal, 
parasagittal, and axial reconstruction. Compared to coronal 
images alone, the three-dimensional information of the fron-
tal recess is significantly enhanced by using both coronal and 
parasagittal reconstructed images. This results in significant 
effectiveness in planning frontal recess surgery.6 CT provides 
an operational roadmap and thus improves the surgeon’s 
perceptions in an attempt to decrease complications of endo-
scopic frontal sinus surgery.6

Many studies have assessed the correlation between 
frontal cells such as anterior frontoethmoidal cells 
(ANCs, FCs types 1–4), posterior cells (SBCs, FBCs, 
SOECs) and the development of frontal sinusitis.7–11 

However, these studies used the classification described 
in 1994 by Bent and Kuhn which might have low level of 
reliability to identify specific frontal sinus cells. Although 
the IFAC has been shown to be superior to Kuhn classifi-
cation in identifying and classifying frontal cells, only 
a few studies have been conducted using the IFAC to 
estimate the prevalence of frontal cells in patients with 
non-diseased sinuses.5,12,13 To date, there has been no 
study using the IFAC among patients with frontal sinusitis 
and isolated frontal sinusitis.5,13 In Vietnam, Tran et al 
analyzed frontal sinus drainage pathway types in relation 
to frontal cells (by the IFAC) using the Scopis Building 

Block software and showed predominantly medial antero-
medial drainage frontal drainage pathways in connection 
with these frontal cells. However, Tran et al ’s study did 
not include patients with frontal sinusitis.12

To date, no research on the effect of frontal cells using 
the IFAC on frontal sinusitis has been reported. Therefore, 
we conducted this study to explore the prevalence of 
frontal cells and the relationship between different types 
of frontal cells classified using the IFAC and frontal sinu-
sitis in patients with and without frontal sinusitis. We also 
examined the association between the presence of frontal 
cells and isolated frontal sinusitis.

Materials and Methods
Settings and Participants
This retrospective cross-sectional study was conducted at 
the Department of Otorhinolaryngology, University 
Medical Center (UMC) in Ho Chi Minh City Vietnam, 
a major teaching and referral center for the country. UMC 
has nearly 8000 daily outpatient visits, of which about 500 
patients visit otorhinolaryngology clinic. The sample size 
for this study was based on estimating the prevalence of 
frontal cells. Given the prevalence of Agger nasi cell of up 
to 90% in previous studies,2,10,12–14 type one error rate of 
0.05 and marginal error of 0.03, at least 385 patients were 
needed. We reviewed and recruited all 506 consecutive 
outpatients from the hospital medical records who had 
CT scans of the paranasal sinuses regardless of CT scan 
indications from January 2018 to March 2019. Exclusion 
criteria included age <18 years, previous sinus surgery, 
sinonasal malignancy, maxillofacial fracture, sinonasal 
polyposis and CT images inadequate triplanar reconstruc-
tion (axial, coronal and sagittal). All procedures in this 
study were approved by the Ethics Committee at the 
University of Medicine and Pharmacy at Ho Chi Minh 
City (approval number: 416/DHYD-HDDD).

Procedures
All patients were examined on a multi-slice Siemens CT 
scanner with overlapping axial cuts of 0.6 mm thickness and 
bone windows. The patients who satisfied our study criteria 
would have their information collected (age and gender). In 
a computer workstation axial, coronal and sagittal recon-
structions were examined and used for analysis in the 
Picture Archive and Communication System (PACS).15 

The cells were classified by the IFAC separately for the 
right and left sides at ipsilateral frontal recess. To minimize 
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interpretation variability, each CT scan was analyzed inde-
pendently by two ear-nose-throat (ENT) surgeons who 
underwent training about the IFAC. Any differences in 
evaluations were resolved by consensus in the presence of 
a rhinologist with experience in frontal sinusitis treatment.

Measurements
All available CT scan slides from recruited patients were 
categorized into two major groups including frontal sinusitis 
and no frontal sinusitis. Frontal sinusitis was defined as 
mucosal thickness of more than 3 mm involving the entire 
frontal sinus or its dependent portions.10 Besides, isolated 
frontal sinusitis and no sinusitis were also determined. 
Isolated frontal sinusitis was defined as a frontal sinus dis-
order associated with secondary obstruction or inflammatory 
modifications confined to the frontal recess.16

The type of the frontal cells were determined by magni-
fication and appropriate window setting of coronals, axial and 
sagittal sections according to the criteria defined by the IFAC. 
These cells included ANCs (agger nasi cells) (see Figure 1A 

and B), SACs (Supra agger cells) (see Figure 1B), SAFCs 
(supra agger frontal cells) (see Figure 1A), SBCs (supra bulla 
cells) (see Figure 1C), SBFCs (supra bulla frontal cells) (see 
Figure 1C), SOECs (supraorbital ethmoid cells) and FSCs 
(frontal septal cells) (see Figure 1D). For example, identifica-
tion of SACs was anterolateral ethmoid cell above the Agger 
nasi cell and did not pneumatize into the frontal sinus. 
Clinical history information was not required for the IFAC 
and thus was not recorded in this study.

Data Analysis
Descriptive statistics were used including mean, standard 
deviation for quantitative data and frequency, percentage 
for qualitative data. To compare the distribution of age and 
sex between those with and without frontal sinusitis, we used 
t-test and Chi-square tests when appropriate. Logistic regres-
sion was used to identify the association between the pre-
sence of different types of frontal cells and frontal sinusitis. 
The predictor variables were ANCs, SACs, SAFCs, SBCs, 
SBFCs, SOECs and FSCs. This analysis was also adjusted 

Figure 1 Computed tomography (CT) of paranasal sinuses showing identification of frontal recess cells based on International Frontal Sinus Anatomy Classification. (A) The 
sagittal computed tomography (CT) image shows a supra agger frontal cell – SAFC (filled square) above the agger nasi cell – ANC (filled circle) and extends into the frontal 
sinus; (B) A supra agger cell (filled star) is seen above the ANC (filled circle), a frontal septal cell (FSC) (filled diamond) located in the interfrontal sinus septum on the 
coronal CT image; (C) The sagittal CT image illustrates a supra bulla cell (SBC) (indicated by +), which is above the ethmoid bulla (EB) (filled triangle), a supra bulla frontal 
cell (SBFC) (solid arrow) pneumatizes along the skull base; (D) The supraorbital ethmoid cell (SOEC) (asterisk) pneumatizes over the orbit and around the anterior ethmoid 
artery (axial CT image).
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for age and sex. Type 1 error was set at 0.05. All data 
analysis was carried out using SPSS version 22.

Results
There were 1012 sides of paranasal sinuses CT scans with 
rhinosinusitis (no nasal polyps) and without rhinosinusitis 
among 506 patients. Six sides were excluded due to the 
absence of frontal sinuses which resulted in 1006 sides 
included in the analysis. The majority of patients were 
females (52.1%) with a mean age of 41.0 (SD = 13.5), 
ranging from 18 to 91 years old. Nearly one fourth of all 
CT scans indicated frontal sinusitis and 4% of which (n=10) 
were isolated frontal sinus. There was no significant differ-
ence in age and sex between CT scans with and without 
frontal sinusitis; between isolated frontal sinusitis and no 
sinusitis (see Table 1). Based on the classification of IFAC, 
ANCs were the most prevalent (91.9%, 925 sides) among 
anteriorly based cells, followed by SACs (28.7%, 289 sides) 
and SAFCs (15.8%, 159 sides) (see Figure 2). For posteriorly 
based cells, SBCs was the most dominant (59.7%, 601 sides), 
followed by SBFCs (25.8%, 260 sides) and SOECs (6.9%, 
69 sides) (see Figure 2). The medially based cells (ie, FSCs) 
were found in 14.3% (144 sides) of CT scans (see Figure 2).

We identified 24.8% of patients with frontal sinusitis 
on sinus CT. Patients with SAFCs and SBFCs had signifi-
cantly higher odds of having frontal sinusitis with 
OR=1.78, 95% CI 1.24–2.56 and OR=2.70, 95% CI 1.-
98–3.66, respectively. These associations remained 
unchanged after adjusting for age and sex (OR=1.80, 
95% CI 1.25–2.59 and OR=2.71, 95% CI 1.99–3.69). 
The presence of other frontal cells including ANCs, 
SACs, SBCs, SOECs and FSCs was not statistically asso-
ciated with frontal sinusitis (see Table 2). Among patients 
with isolated frontal sinusitis and no sinusitis, the presence 
of SAC was positively associated with isolated frontal 
sinusitis with (OR=3.47, 95% CI 0.96–12.54) and without 

adjustment for age and sex (OR=3.76, 95% CI 1.02–13.90) 
(see Table 3).

Discussion
The frontal recess surgery is often difficult due to the size 
of the recess relative to the instrumentation and also the 
acute angle required to reach this region. Frontal sinusot-
omy is still the most challenging and hardest part of 
endoscopic sinus surgery. Our study thus helps understand 
frontal sinusitis pathology and frontal recess cells. Based 
on the IFAC, we found that the frontal recess prevalence of 
SAFC and SBFC was high in patients with frontal sinusitis 
while SAC was found in patients with isolated frontal 
sinusitis.

Despite a larger sample size, the prevalence of frontal 
cells found in our study was similar to that reported in 
previous studies.5,12,13 A high prevalence of ANC found in 
our study (91.5%) was similar to previous studies by 
Sjogren et al (88.9%), Choby et al (96.5%).12,13 

Regarding the presence of the remaining 2 cells in the 
anteriorly based cell group, we found that SAC had higher 
rate than SAFC (34.1% compared to 13.7%). The preva-
lence of SAC in our sample was similar to that of Choby 
et al (30%) and Sjogren et al (29.5%) while SAFC had 
lower rate. This difference might be attributed to racial 
factors such as being Asian in our study and Caucasian in 
the other studies. Posteriorly based cells include SBC, 
SBFC and SOEC, all of which have similar classification 
criteria between the IFAC and Kuhn’s description. In our 
study, SBC cells were the most common type with 60% of 
the cases, which was similar to that reported by Choby at 
72% and Sjogren at 55.8%. The prevalence of SBFC cells 
was higher than SOEC (20.7% compared to 6.3%). 
However, Choby et al reported opposite results with 
lower prevalence of SBFC (5.5%) than SOEC (28.5%).

Our study was among the limited studies using IFAC to 
identify the effect of frontal cells on frontal sinusitis. We 

Table 1 Patients’ Characteristics, Stratified by Frontal Sinusitis Status Using Computer Tomography

Total 
(n=1006, 

100%)

Frontal Sinusitis Isolated Frontal Sinusitis

No Frontal Sinusitis 
(n=757, 75.25%)

Frontal Sinusitis 
(n=249, 24.75%)

p value Isolated Frontal 
Sinusitis (n=10,1%)

No Sinusitis 
(n=398, 39.56%)

p value

Age (year),

Mean ± SD 41.0 ± 13.6 40.6 ± 13.8 42.4 ± 12.7 0.065 38.4 ± 10.9 39.3 ± 13.3 0.827

Sex, n (%)

Male 482 (47.9) 357 (47.2) 125 (50.2) 0.405 4 (40.0) 183 (46.0) 0.708

6 (60.0) 215 (54.0)Female 524 (52.1) 400 (52.8) 124 (49.8)
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found that the presence of SAFC and SBFC was asso-
ciated with the development of frontal sinus. The frontal 
sinus is embryologically derived from pneumatization of 
the ethmoid, frontal sinus outflow is thus influenced and 

defined by the degree of pneumatization of the ethmoid 
labyrinth. In our study, SAFCs and SBFCs had many 
affects on the frontal sinus outflow. SAFC is an anterolat-
eral ethmoid cell that extends into the frontal sinus and 

Table 2 The Associations Between Frontal Cells Identified by IFAC and Frontal Sinusitis

Cell Types Frontal Sinusitis No Frontal Sinusitis Crude Adjusted

N=249 n (%) N=757 n (%) OR 95% CI p value OR 95% CI p value

ANC 232 (99.2) 737 (91.5) 1.49 0.83–2.66 0.175 3.40 0.79–14.67 0.101

SAC 61 (24.5) 258 (34.1) 0.75 0.54–1.04 0.089 0.77 0.55–1.01 0.118
SAFC 55 (22.1) 104 (13.7) 1.78 1.24–2.56 0.002 1.80 1.25–2.59 0.002

SBC 147 (59.1) 454 (60.0) 1.03 0.77–1.38 0.835 1.04 0.71–1.52 0.855

SBFC 103 (41.4) 157 (20.7) 2.70 1.98–3.66 <0.001 2.71 1.99–3.69 <0.001
SOEC 21 (8.4) 48 (6.3) 1.36 0.80–2.32 0.257 1.36 0.80–2.33 0.257

FSC 33 (13.2) 111 (14.7) 0.89 0.58–1.35 0.582 0.90 0.59–1.37 0.629

Abbreviations: ANC, agger nasi cell; SAC, supra agger cell; SAFC, supra agger frontal cell; SBC, supra bulla cell; SBFC, supra bulla frontal cell; SOEC, supra orbital ethmoid 
cell; FSC, frontal septal cell.

Table 3 The Associations Between Frontal Cells Identified by IFAC and Isolated Frontal Sinusitis

Cell Types IFS NS Crude Adjusted

N=10 n (%) N=398 n (%) OR 95% Cl p OR 95% Cl p

ANC 10 (100) 367 (92.2) 1.03 1.01–1.05 0.359 – – –
SAC 6 (60.0) 120 (30.2) 3.48 0.96–12.54 0.044 3.76 1.02–13.90 0.047

SAFC 2 (20.0) 59 (14.8) 1.44 0.29–6.93 0.650 1.45 0.30–7.03 0.641

SBC 5 (50.0) 246 (61.8) 0.62 0.18–2.17 0.448 0.56 0.16–2.14 0.413
SBFC 4 (40.0) 82 (20.6) 2.57 0.71–9.32 0.137 2.65 0.70–10.1 0.150

SOEC 1 (10.0) 35 (8.8) 1.15 0.14–9.36 0.894 1.90 0.21–17.37 0.572

FSC 2 (20.0) 59 (14.8) 1.44 0.30–6.93 0.650 1.61 0.32–8.21 0.566

Abbreviations: ANC, agger nasi cell; SAC, supra agger cell; SAFC, supra agger frontal cell; SBC, Supra Bulla Cell; SBFC, supra bulla frontal cell; SOEC, supra orbital 
ethmoid cell; FSC, frontal septal cell; IFS, isolated frontal sinusitis; NS, no sinusitis.

Figure 2 The prevalence of frontal cell types. 
Abbreviations: ANC, agger nasi cell; SAC, supra agger cell; SAFC, supra agger frontal cell; SBC, supra bulla cell; SBFC, supra bulla frontal cell; SOEC, supra orbital ethmoid 
cell; FSC, frontal septal cel.
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SBFC originates in the supra bulla region and pneumatizes 
along the skull base into the posterior region of the frontal 
sinus.4 These cells through pneumatically frontal ostium, 
which is the narrowest part of frontal sinus drainage path-
way, may trigger further narrowing of the frontal sinus 
drainage pathway. In a study in Taiwan, Lien et al exam-
ined 384 sides to classify frontal cells using Kuhn’s cri-
teria and found that the frontal sinus drainage pathway of 
posterior cells such as SBC, FBC, and SOEC (SBC, SBFC 
and SOEC according to the IFAC) could be associated 
with frontal sinusitis growth.10 A similar study by Meyer 
et al in 768 CT sinus revealed that higher incidence of 
frontal sinusitis was seen with FCs 3 and 4 (IFAC’s similar 
SAFC).11 Our study showed that frontal sinusitis was 
correlated with the presence of SAFC which are located 
anterior cells as well as SBFC (in posterior cells). In 
contrast, DelGaudio et al reported that the presence of 
frontal cells (SAC and SAFC comparable to the IFAC) 
was not correlated with frontal sinusitis.8 Our findings 
revealed the need to remove SAFB and SBFC to prevent 
the recurrent frontal sinusitis.

Isolated frontal sinusitis rarely happens and very few 
studies explored the prevalence of frontal cells and patho-
physiology of isolated frontal sinusitis.16,17 Our study 
showed that most types of frontal cells appeared to be similar 
in frontal sinusitis group and that the presence of SACs was 
correlated with isolated frontal sinusitis. Isolated frontal 
sinusitis is not common and may be correlated with 
a structural abnormality or lesions of the frontal sinus open-
ing and surrounding structures.17 In a study among 15 
patients with isolated frontal sinus Jun-Feng Ji revealed that 
type 2 and type 3 frontal bulla cell (SAC and SAFC) were 
critical factors in frontal recess obstruction.17 SACs are ante-
rolateral ethmoidal cells, located above the agger (not pneu-
matized into the frontal sinus). Although SACs are not 
pneumatized into the frontal sinus through ostium frontal, 
they push the frontal sinus drainage pathway posteriorly.4 

The more SACs and other surrounded cells exist on the 
drainage frontal sinus pathway the frontal recess is narrower.

Our study has several limitations. Frontal sinusitis is 
caused by multiple factors, including anatomic varia-
tions, mucosal inflammation, sinonasal polyposis, sys-
temic patients factors (immunosuppression, autoimmune 
disease, allergy, diabetes and a host of others) and pre-
vious treatment (antibiotic, steroids, etc.).8,18 Therefore, 
in this study, we were unable to conclude whether the 
presence of frontal cells was more or less important 
factor leading to frontal sinusitis as compared to other 

factors. Moreover, due to unavailability of data, it is not 
clear from our study about the explanatory role of clin-
ical information in the association between frontal cells 
and sinusitis. For example, it remains unclear whether 
there is difference in the number of frontal cells based on 
duration of frontal sinusitis. Additionally, although our 
study had the largest number of patients as compared to 
previous studies, we had relatively small number of iso-
lated frontal sinusitis. These limitations indicated the 
need for further study involving more patients with iso-
lated frontal sinusitis and study evaluating other clinical 
factors.

Conclusions
In Vietnamese adult patients, the frequencies of frontal 
cells based on IFAC were inconsistent to other studies. 
Two types of frontal cells extend into the frontal sinus 
(SAFC and SBFC) were associated with a significantly 
higher rate of frontal sinusitis development than other 
frontal cells. Although isolated frontal sinusitis is uncom-
mon, this disease was significantly correlated with the 
presence of SAC. For successful endoscopic frontal sinus 
surgery, surgeons should use CT images to explore the 
frontal recess anatomy, especially the cells obstructing 
the natural draining pathway of the frontal sinus.
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