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The anatomical complexity of the frontal-ethmoid region is a key factor influencing frontal sinus drainage and increasing
the risk of frontal sinusitis. The identification of objective morphometric predictors can improve diagnosis, prognosis and surgical
planning in frontal sinus pathology. The aim of the study was to establish the relationship between the complexity of the anatomy
of the frontal recess and the presence of frontal sinusitis by analysing the index of surgical complexity and the anterior-posterior
distance based on computed tomography in 120 patients (233 anatomical sides). Signs of frontal sinusitis were detected in 26.3%
of cases. In the group with frontal sinusitis, the mean of the index of surgical complexity was 2.71+0.89 score, the anterior-posterior
distance — 7.98+2.29 mm; in the group without frontal sinusitis — 2.5940.71 score and 8.38+2.02 mm, respectively. Despite the
absence of statistically significant differences (p>0.05), a decrease in anterior-posterior distance and an increase in the index of
surgical complexity were accompanied by an increase in the frequency of inflammation. The results obtained indicate the potential
prognostic value of these parameters and justify their inclusion in a comprehensive preoperative analysis.

Key words: frontal sinusitis, International Classification of the Radiological Complexity, anterior-posterior distance,
frontal sinus, computed tomography.

A.B. Jlo0ypeusb

JOCILI)KEHHS KOH®ITYPALII IOBOBOI'O 3ATVIMBJIEHHS TA HOI'O 3B’SI30K
13 ®POHTUTOM HA OCHOBI KOMITI'FOTEPHOI TOMOTI PA®Ii

AHaToMivHa CKJIAJHICTh JI060BO-€TMOINANBHOT MUISIHKA 3aJHMIIAETHCS KIFOYOBUM (haKTOPOM, IO BILIMBAE HA JPEHAK
71000B0OT Ma3yXH Ta MiABUIILYE PU3UK PO3BHTKY (PpoHTHTY. Bu3HaueHHS 00’ €KTHBHUX MOP()OMETPHUIHUX HMPEIUKTOPIB TO3BOJISIE
MOKPAIIUTH iarHOCTHKY, IPOTHO3YBAHHS 1 XipypridHe IUIaHyBaHHS IIPH MATONOTi] JI000BOI HMa3yxu. MeToro nocmimkeHHs Oyio
BCTAHOBIICHHS 3B’SI3Ky MK CKJIQHICTIO aHATOMIi JJ0OOBOTO 3arTHOICHHS Ta HASBHICTIO ()POHTUTY HUISXOM aHAIli3y MOKa3HHKa
IHICKCY PaioNoridyHOl CKIIQJHOCTI i MepeHbO-3aHBOI BiICTAaHI 32 JaHUMH KOMII toTepHOi ToMorpadii y 120 marrientis (233
aHaToMi4Hi cTopoHH). O3HaKH (POHTUTY BUSBICHO Yy 26,3 % BumajkiB. Y rpymi 3 (POHTHTOM CepenHil MOKa3HUK iHIEKCY
panionoriynoi ckiaagHocti cranoBuB 2,71+0,89 Gamu, mepenubo-3anHboi Bixcrani — 7,98+2,29 mwm; y rpymi 6e3 dponTHTy —
BigmoBimHO 2,59+0,71 Ta 8,3842,02 mM. HesBaxkaioum Ha BiACYTHICTH CTAaTHUCTHYHO 3HAUymIMX BimMmiHHOCTEH (p>0,05),
3MEHIICHHS TEePeIHbO-3aIHBOI BiACTaHI 1 MiABUINEHHS MOKa3HWKa iHAECKCY PaTiONOTIYHOI CKJIQJAHOCTI CYIPOBOMKYBAIUCS
3POCTAHHSIM YacTOTH 3arnajeHHs. OTpuMaHi pe3ysbTaT CBi4arTh PO MOTEHIINHY MPOTHOCTHYHY IIHHICTH MUX ITapaMeTpiB i
OOTPYHTOBYIOTH TX BKJIFOUEHHS JI0 KOMILIEKCHOTO IepeONepaIifHOro aHali3zy.

Kuarouosi cioBa: dpontut, MixkHaponHa kiacudikailis paaioforiyHOl CKIagHOCTI, JI0OOBa Ma3yxa, KOMII IOTepHA
ToMorpadis.

The study is a fragment of the research project “Rehabilitation of patients after functional endoscopic rhinosinus
surgery”’, state registration No. 0120U104016.

Surgical treatment of frontal sinus diseases, particularly chronic rhinosinusitis [2, 9] with
inflammation spreading to the frontal sinus, is one of the most difficult problems in endoscopic
rhinosurgery. This is caused by the significant variability of the anatomy of the frontal-ethmoid area, which
complicates surgical “navigation” and access to the frontal sinus. Patients with chronic frontal sinusitis
often have structural features that interfere with normal drainage and require more complex types of
surgical procedures.

In 2016, Wormald et al. developed an international classification of frontal sinus anatomy — IFAC
(The International Frontal Sinus Anatomy Classification), which describes 7 types of cells that form the
frontal-ethmoid area and affect the drainage of the frontal sinus [14]. This classification has made it
possible to standardise anatomical variants of the frontal-ethmoid cell structure and improve preoperative
planning. Jaremek-Ochniak et al. showed that frontal sinus septal cells (FSC), supraorbital ethmoid cells
(SOEC) and supra agger frontal cells (SAFC) are significantly more common in patients requiring extended
surgical treatment (Draf IIB) [7]. Al Habsi et al. emphasised the need for routine assessment of IFAC cells
when planning frontal sinus surgery [1, 4, 8, 11].

One of the key quantitative tools for objectifying the complexity of surgical access is the ICC (The
International Classification of the Radiological Complexity, 2016), which assesses anatomically narrow
areas of the frontal sinus drainage channel based on computed tomography (CT) [13]. Its combination with
the anterior-posterior (AP) distance of the frontal recess allows predicting both the complexity of access
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and the risk of developing frontal sinusitis [11]. For example, Wormald et al. showed that an AP distance
of less than 5 mm significantly increases the risk of chronic frontal sinusitis [13], and Johari et al. described
a correlation between the density of frontal ethmoid cells and the need for extended surgical access in
chronic frontal sinusitis [8].

Anatomical studies using 3D reconstruction [12], morphometric analysis, and multiplanar CT have
made it possible to detail the dimensions of the frontal recess, determine the direction of drainage, and
assess the impact of individual cells on the extent of surgical intervention (Choby et al.) [3, 5, 10]. It has
been confirmed that FSC and SOEC are associated with a high level of access complexity and are more
common in patients with ineffective standard conservative treatment [5, 6].

From a clinical point of view, it is important not only to identify the configuration of the cells, but
also to quantitatively assess its impact on surgical complexity. The introduction of ICC, IFAC and
morphometric parameters into routine clinical practice can significantly improve treatment outcomes. The
work of Al Habsi et al. demonstrated that accurate preoperative planning based on anatomy reduces the
risk of complications and recurrence [1]. Thus, the integration of these parameters into a multidisciplinary
approach is clinically significant in modern otorhinolaryngology.

The purpose of the study was to identify the relationship between the complexity of the frontal
recess anatomy and the presence of frontal sinus inflammation by analysing computed tomography data.

Materials and methods. An analysis of computed tomography data of the paranasal sinuses in
120 patients treated at the Poltava Regional Clinical Hospital named after M. V. Sklifosovsky between 2024
and 2025 was performed. The task was to identify morphological factors that influence the development of
inflammatory processes in the frontal sinus, in particular the possible connection between the configuration
of the frontal-ethmoid cells and the anterior-posterior length of the frontal-nasal canal (AP) with the
development of frontal sinusitis. The structure of the frontal-nasal canal was assessed based on the cone-
beam CT data of the paranasal sinuses. The assessment included the identification of cells according to
IFAC and the measurement of the AP length of the frontal recess. Based on a previous study, the frontal
ethmoid cells were determined according to IFAC in these groups of patients, and the results were used to
determine the ICC [9]. AP distance (anteroposterior distance) is a linear dimension in the anterior-posterior
direction that characterises the depth of the anatomical structures of the frontal-ethmoid region, in particular
the cells bordering the frontal sinus. It is measured from the frontal beak to the base of the skull at the
narrowest point on a parasagittal CT scan. A smaller AP distance of the frontal recess is associated with a
higher risk of developing frontal sinusitis due to limited ventilation and drainage of the frontal sinus. Both
indicators were integrated into the ICC scale (Table 1), which allows for a quantitative assessment of the
anatomical complexity of access to the frontal sinus.

Table 1
International Frontal Sinus Anatomy Classification [12]
Wide AP diameter Narrow AP diameter Very narrow AP diameter

(=10 mm) (9—-6 mm) (<5 mm)
Cells below ostium (agger Less complex Moderate complexity High complexity
nasi, SAC, SBC) (Grade 1) (Grade 2) (Grade 3)
Cel.ls encroaching into the Moderate complexity High complexity Highest complexity
ostium (SAFC, SBFC, (Grade 2) (Grade 3) (Grade 4)
SOEC, FSC)
Cells extendlp g significantly High complexity Highest complexity Highest complexity
into frontal sinus (SAFC, (Grade 3) (Grade 4) (Grade 4)
SBFC, SOEC, FSC) N N N

Notes: AP refers to the frontal ostium anterior-posterior diameter as measured from the frontal beak to the skull base at its
narrowest distance on the parasagittal CT scan.

Classification of the cells is from the recent IFAC [14]. AP = anterior-posterior; CT = computed
tomography; FSC = frontal septal cell; IFAC = International Frontal Sinus Classification; SAC = supra
agger cell; SAFC = supra agger frontal cell; SBC = supra bulla cell; SBFC = supra bulla frontal cell; SOEC
= supra orbital ethmoid cell.

The study included 120 patients, representing a total of 240 anatomical sides (right and left frontal
sinuses). Computed tomography was performed in three projections: coronal, axial, and sagittal. In 7 cases,
frontal sinus aplasia (complete absence of the sinus on one side) was detected, so these 7 sides were
excluded from the analysis. As a result, 233 sides were evaluated in detail. The analysis was performed by
two independent experts in endoscopic rhinology; in case of discrepancies, a third specialist was involved
to reach a consensus.
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For each side, the following were recorded:

1) presence/absence of frontal sinusitis (based on radiological data);

2) AP distance (in millimetres);

3) ICC score (from 1 to 4);

4) anatomical variants according to IFAC;

5) additional data on the age and gender of patients.

To describe the distribution of the sides, two groups were formed: with frontal sinusitis (n=63) and
without frontal sinusitis (n=170). Microsoft Excel 365 was used for statistical data processing. Quantitative
indicators are presented as mean values and standard deviations (M+SD). The comparison of mean values
in two independent groups (with and without frontal sinusitis) was performed using Student's t-test. The
level of statistical significance was taken as p<0.05. To assess the frequency of phenomena and the ratio
of qualitative characteristics, a comparison of percentage indicators was used.

Results of the study and their discussion. The study provided a number of clinical and anatomical
observations that deepen our understanding of the role of morphological factors in the formation of
susceptibility to inflammatory changes in the frontal sinus. A total of 233 frontal sinuses were analysed, of
which 63 sides (26.3 % of the total) showed signs of frontal sinusitis, while 177 sides (73.7 %) were free
of inflammation. This distribution demonstrates the real clinical picture, in which cases without acute or
chronic pathology predominate, which is to be expected when assessing a contingent of patients undergoing
CT not only for diagnostic but also for preventive purposes.

The distribution of patients by gender showed that in the group with frontal sinusitis there were 25
men and 19 women, while in the group without frontal sinusitis there were 39 men and 37 women. The
assessment of age characteristics showed that the average age of patients with frontal sinusitis was
42.03+12.28 years, while in the group without frontal sinusitis, this indicator was practically the same and
amounted to 41.74+13.18 years. This indicates the homogeneity of the age composition of the groups and
allows avoiding potential age bias. All patients belonged to the young to middle age category. Age was not
a predictor of changes in anatomy or the development of inflammation in the frontal sinus within this
sample.

The gender of the patients also had no statistically significant effect on the formation of the frontal
sinusitis group. In the group with inflammation, there were 33 male (52.4 %) and 30 female (47.6 %) sides,
and in the group without inflammation, there were 95 male (53.7 %) and 82 female (46.3 %) sides. Overall,
men accounted for 53.3 % and women for 46.7% of all 233 cases. This allows us to conclude that the
gender distribution in the study cohort was relatively even, which increases the reliability of the results
obtained.

The analysis of the morphological characteristics of the frontal recess included two main
parameters: AP distance and ICC complexity score. In patients with frontal sinusitis, the mean AP distance
was 7.98+2.29 mm, while in patients without frontal sinusitis, it was 8.38+2.02 mm. From a clinical point
of view, a larger AP distance does not always mean better drainage capacity, since drainage efficiency is
influenced by both the configuration and the presence of cells that can restrict patency.

The ICC index, which is integral and takes into account both the AP distance and the presence of
complex cells according to the IFAC classification, averaged 2.71+0.89 points in the group with frontal
sinusitis and 2.59+0.71 points in the group without frontal sinusitis. A higher ICC in patients with frontal
sinusitis may indicate that the inflammatory process occurs more often in cases where the anatomy appears
more complex according to CT criteria.

The results indicate the importance not only of the formal calculation of parameters, but also their
clinical interpretation. For example, two patients may have the same AP distance, but the presence of a
frontal septal cell or large supraorbital cells can radically change the functional patency of the frontal-nasal
canal. In further studies, it is advisable to conduct a separate analysis by IFAC cell type, which will allow
detailing the role of each morphotype in the formation of the risk of frontal sinusitis. The summary results
of the study are presented in Table 2.

Table 2
Quantitative characteristics of the studied groups (M+SD)
Predictors With frontal sinusitis (n=63) Without frontal sinusitis (n=170) Total (n=233)

Age, years 42.03+12.28 41.74+13.18 41.81+12.91

Men, n 25 39 64

Women, n 19 37 56

ICC 2.71+£0.89 2.59+0.71 2.65+081

AP, mm 7.98+2.29 8.3842.02 8.09+2.23
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The results of our study demonstrated that the mean ICC and AP values of the frontal recess length
in patients with and without frontal sinusitis did not differ significantly. Despite slightly higher mean values
in the group with frontal sinusitis, the p-value did not exceed the critical level of 0.05, which does not allow
conclusions to be drawn about a reliable difference between the samples.

This indicates that the isolated use of ICC and AP distances cannot serve as independent prognostic
predictors of the presence of frontal sinusitis without taking into account other anatomical or functional
factors. Therefore, the role of these morphometric parameters is auxiliary and should be considered in
conjunction with other characteristics of the frontal recess, in particular the types of cells according to the
IFAC classification.

Despite the absence of statistically significant differences, the observed trends confirm the
feasibility of further studying the morphology of the frontal sinus drainage pathway using multivariate
analysis, including cell types, 3D reconstructions, and clinical data.

ICC is a combined indicator of the complexity of surgical access to the frontal sinus and takes into
account both the number and type of anatomical cell variants (according to IFAC) and the linear AP
distance of the drainage channel. Thus, an increase in ICC in patients with frontal sinusitis can be
considered a clinical sign of complex morphology, which potentially complicates physiological drainage
and may contribute to the development of inflammation in the frontal sinus.

The results obtained are consistent with publications in recent years. In particular, the works of
Fawzi et al. (2022) and Jaremek-Ochniak et al. (2022) show that the presence of septal cells of the frontal
sinus, supraorbital cells and other variants significantly complicates access to the frontal sinus and is
associated with a higher probability of inflammation [4, 7]. Similar conclusions are also presented by Al
Habsi et al. (2024), pointing to the clinical value of preliminary assessment of cell configuration
by CT [1].

Particular attention should be paid to the AP parameter. A reduction in this distance was associated
with higher ICC scores and, accordingly, with an increased risk of frontal sinusitis. This confirms the
observation that a short frontal sinus length may cause narrowing of the drainage pathway, creating
conditions for ventilation disorders.

The results are consistent with our previous observations (Loburets A. et al., 2024), which
demonstrated a difference in the prevalence of SOEC and FSC among frontal ethmoid cells in patients with
chronic frontal sinusitis compared to individuals without inflammatory changes, although this difference
was not statistically significant [9].

Although previous studies demonstrate the importance of the morphology of individual cells, our
study is one of the first to quantitatively compare ICC scores with clinical manifestations of frontal
sinusitis. This approach may have important practical significance for determining the indications for
surgical intervention and justifying the extent of endoscopic revision in the frontal recess.

From a practical point of view, the results obtained can be used as a basis for development of a
structured approach of preoperative CT analysis of the paranasal sinuses. Elevated ICC and reduced AP
distance can be considered as prognostic factors in the development of inflammation and complications
after standard frontotomy.

Thus, the results of our study confirm the importance of careful anatomical assessment of the
frontal recess when planning surgical intervention. Further studies involving 3D modelling, large
multicentre samples and multivariate analysis will improve the accuracy of prediction and individualise the
approach to the treatment of patients with chronic frontal sinusitis.

Conclusions

1. As a result of analysing 233 frontal sinus images obtained using cone beam computed
tomography, signs of frontal sinusitis were observed in 26.3 % of cases, demonstrating the significant
prevalence of this pathology in the sample.

2. The average ICC score was slightly higher and the AP distance was shorter in the group of
patients with frontal sinusitis, but these differences were not statistically significant (p>0.05).

3. The results obtained do not allow us to consider ICC or AP distance as independent reliable
markers of the risk of frontal sinusitis, but indicate the potential role of morphological features in the
formation of the drainage capacity of the frontal recess.

4. The data obtained confirm the possibility of using [CC and AP distance as prognostic criteria
when planning the extent of endoscopic surgery of the frontal sinus, which is important for reducing the
risk of complications and recurrences.
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5. The results of the study open up the prospect of creating a standardised approach to the analysis
of frontal recess anatomy using the IFAC classification, which will contribute to more accurate prediction
of the complexity of the intervention.

Prospects for further research. In the future, it would be advisable to expand the study by means of multivariate analysis,
taking into account IFAC cell types and using 3D reconstructions to improve the accuracy of preoperative visualization.
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