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Anatomical variations of the paranasal sinuses may influence surgical safety and outcomes in
endoscopic sinus and skull-base procedures. This review compiles radiologic evidence to
quantify variant prevalence and delineate surgical significance. Objectives: To evaluate
computed tomography (CT) and cone-beam computed tomography (CBCT) studies for the
prevalence, morphology, and clinical relevance of paranasal sinus anatomical variations,
emphasizing their implications for endoscopic sinus and skull-base surgery. Methods: A
systematic search of PubMed, Scopus, and Cochrane databases (January 2010-March 2025)
was conducted following PRISMA 2020 guidelines. A total of 612 articles were screened, and 17
studies fulfilled the inclusion criteria. Eligible studies included original human CT or CBCT
analyses reporting prevalence or morphology of variants (Onodi, Haller, Keros, accessory
maxillary ostium [AMO], and roof asymmetry) with relevant surgical commentary. Weighted
means were derived from pooled prevalence data across comparable imaging modalities using
frequency-based aggregation. Study quality was evaluated using QUADAS-2 and modified
Newcastle-Ottawa scales. Results: Seventeen studies were included. Weighted mean
prevalence values were Onodi 34%, Haller 45%, and AMO 42%, with deep Keros type lll fossae
presentin5-9%. Ranges reflect inter-study heterogeneity inimaging protocol and cohort size.
Radiology-guided findings highlighted optic-nerve proximity in Onodi, cribriform vulnerability in
Keros lll, orbital risk with Haller cells, mucus recirculation with AMO, and corridor distortion
from concha bullosa or ethmoid-roof asymmetry. Conclusions: Anatomical variants of surgical
relevance are frequent and population-dependent. Structured radiologic reporting using CT or
CBCT improves pre-operative planning, mitigates optic-nerve and skull-base risks, and
enhancesprocedural safety.
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INTRODUCTION

Anatomical variations of the paranasal sinuses
significantly influence surgical safety in functional
endoscopic sinus and transsphenoidal procedures.
Variants such as Onodi and Haller cells or deep olfactory
fossae, located near the optic nerve and internal carotid
artery, require meticulous radiologic assessment to
preventintraoperative complicationsand ensure complete
sinus clearance [1]. Globally, radiologic studies have
documented sinonasal anatomical variations in

approximately 40-80% of adults [2-4], with computed
tomography (CT) recognized as the gold standard for pre-
operative assessment owing to its high spatial resolution
and multiplanar reconstruction capability. Regional
imaging data from Europe, the Middle East, and South Asia
have shown comparable prevalence ranges [2-4],
demonstrating that ethnic morphology and climatic
adaptation influence sinus aeration and pneumatization
patterns. Several multicenter and hospital-based studies
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have reinforced the diagnostic and surgical relevance of
pre-operative CT mapping. An Egyptian CT-based study
reported that sinonasal variations significantly correlate
with chronic rhinosinusitis (CRS) severity and recurrence,
advocating systematic inclusion in radiology reports [5].
Similarly, a Karachi-based study identified accessory
maxillary ostia, septal deviation, and ethmoid roof
asymmetry as major contributors to impaired sinus
drainage in South Asian populations[6, 7]. Cross-sectional
CT-CT-endoscopic comparisons also demonstrate that
radiologic identification of variants enhances
intraoperative safety by allowing anticipation of high-risk
dehiscence zones and asymmetrical skull-base depths[8,
g]. While evidence is expanding globally, most available
data remain single-center or cadaver-based, lacking
uniformimaging protocols and clinical correlation. Limited
studies employing cone-beam computed tomography
(CBCT) have explored multivariate analysis, yet
comprehensive CT/CBCT-based reviews aligned with
currentendoscopic standardsremainscarce.

This study aimed to evaluate computed tomography (CT)
and cone-beam computed tomography (CBCT) studies for
the prevalence, morphology, and clinical relevance of
paranasal sinus anatomical variations, emphasizing their
implicationsforendoscopic sinusand skull-base surgery

METHODS

This systematic review was conducted following the
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA 2020) guidelines to ensure
transparency and reproducibility. The objective was to
identify and synthesize radiological studies evaluating
anatomical variations of the paranasal sinuses and their
surgical implications. The research question was
structured using the PICO framework, in which the
Population comprised human participants undergoing CT
or CBCT imaging of the paranasal sinuses; the Intervention
was defined as radiologic evaluation using computed
tomography (CT) or cone-beam computed tomography
(CBCT); there was no comparator group; and the Outcome
included identification of anatomical variants and their
radiologic and surgical relevance during endoscopic sinus
or skull-base surgery. A comprehensive electronic search
was performed across three major databases, PubMed,
Scopus, and Cochrane Library, for studies published
between 2010 - 2025. The search strategy combined
Medical Subject Headings (MeSH) and free-text terms
using Boolean operators: (“paranasal sinus” OR “sinonasal’)
AND (“CT” OR "CBCT” OR "computed tomography”) AND
("anatomical variation” OR “morphology” OR “surgical
relevance” OR ‘radiologic assessment”). The search was
restricted to English-language, human-based studies, and
reference lists of included papers were manually screened
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to identify additional relevant publications. Gray literature,
conference abstracts, and non-indexed sources; review
articles were excluded to maintain data reliability. Studies
were included if they met all predefined eligibility criteria.
Only original quantitative investigations, cross-sectional,
retrospective, observational, or randomized controlled
trials were considered. Eligible studies had to involve
human subjects who underwent CT or CBCT imaging of the
paranasal sinuses and reported either prevalence or
morphological characteristics of variants such as the
Onodi cell, Haller cell, olfactory fossa depth (Keros
classification), accessory maxillary ostium (AMO), or
ethmoid roof asymmetry, along with discussion of their
surgical or radiologic implications. Studies were excluded
if they involved animals, cadaveric dissections without
imaging correlation, narrative or systematicreviews, meta-
analyses, editorials, or case reports. Non-English
publications or pediatric-focused studies without surgical
relevance were also excluded. All search results were
imported into EndNote X9 for reference management and
duplicate removal. Two independent reviewers screened
the titles and abstracts for eligibility, followed by full-text
assessment. Discrepancies were resolved through
discussion or third-party arbitration. The selection
process followed the PRISMA 2020 flow diagram, where
346 records were identified, 52 duplicates removed, 265
screened, and 17 studies included in the final synthesis.
Data extraction was carried out using a standardized Excel
template, capturing author, year, country, study design,
imaging modality, sample size, anatomical variants
assessed, and surgical or radiologic implications. When
information was incomplete, corresponding authors were
contacted for clarification, and data were cross-verified by
both reviewers foraccuracy. Abbreviations and specialized
terms were standardized throughout the review. LLCPA
(lateral lamella-cribriform plate angle) refers to the angular
measurement between the lateral lamella of the cribriform
plate and the horizontal plane of the skull base, commonly
used to assess skull-base depth and asymmetry in Keros
and Gera classifications. TMS (transverse-mesiodistal
span)denotes the linear measurement between the medial
and lateral boundaries of the olfactory fossa, which assists
in quantifying ethmoid roof width and potential surgical
risk. Quality assessment was conducted using QUADAS-2
(for diagnostic accuracy studies) and the modified
Newcastle-Ottawa Scale (NOS)(for observational studies).
Each study was evaluated for patient selection bias, clarity
of imaging methodology, and transparency of outcome
reporting. Imaging methodology was rated “High” when
slice thickness <1 mm or multiplanar reconstruction was
specified; “Low” when imaging parameters or variant
definitions were unclear. Inter-reviewer agreement
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exceeded K = 0.80, indicating strong reliability. Finally, a
qualitative synthesis summarized the evidence in four
structured tables: Table 1(study characteristics), Table 2
(variant prevalence), Table 3 (surgical implications and
imaging protocols), and Table 4 (quality assessment).
Descriptive statistics and sample-size-weighted means
were used to estimate overall prevalence, and differences
between CT and CBCT modalities were discussed
narratively to highlight diagnostic advantages and clinical
applicability. A total of seventeen radiological studies met
the inclusion criteria (2012-2024), all using CT or CBCT for
evaluating paranasal sinus anatomical variations. Designs
were mostly cross-sectional or retrospective, with sample
sizes ranging from 60-2400. CT provided superior skull-
base delineation, whereas CBCT offered higher spatial
definition of osseous and mucosal variants. Regional
representation included India (n=6), Iran (n=3), Turkiye and
Poland (n =2 each), and one study each from the USA, Italy,
South Africa, Romania, and the UAE.

RESULTS
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Figure1: The Study Summarizing Selectionand Inclusion

Atotal of 180 patients were initially screenedforinclusioninthe study. Out of these, 172 patients met the eligibility criteriaand
were included. Eight patients were excluded for the following reasons: five had a history of prior carotid artery surgery, two
had acute neurological events within the last 30 days, and one patient declined the carotid Doppler ultrasound. The final

sample consisted of 172 patientswhoall presented with STEMland underwent

Table 1: Characteristics of Included Studies(n=17)

n(Patients Main
/ Sides)

Imaging
Modality

Sr. Design

No. References

Variants

Radiologic Protocol / Expert

Involvement Key Findings

1| 101 |cross-sectional|  cT 170 Onodi R e acologist 65 % Onodi; optic-nerve
2 [11] Cross-sectional CBCT 201 Onodi 0.2 mm voxel CBCT; ENT-radiology review 42.8 %; useful pre-ESS

3 [12] Cross-sectional CT Adult Onodi Axial-coronal CT; radiology validation Mapped optic canal

5 [14] Retrospective CT 300 Onodi Radiologist-confirmed interpretation 20.3 %; regional variant
6 [15] Cross-sectional CT 1200/2400 Keros Coronal HRCT under radiology supervision |Type Il 74.6 %; Type lll 7.9 %
7 [16] Cross-sectional CBCT 385 Keros, Gera CBCT with radiologic angular calibration | Quantitative morphometry
8 7] Retrospective CT Regional Keros Radiologist scoring for depth & asymmetry Ethnic pattern

g [18] Descriptive CBCT 120 Keros CBCT reviewed by a radiologist pair(x>0.8)| Asymmetry; accuracy
10 [19] Cross-sectional CBCT 200/400 AMO High-resolution CBCT; sinus radiology review| AMO 35.5 %; mucosal link
n [20] Cross-sectional CBCT 100/200 AMO 0.2 mm CBCT voxel; radiologic validation Site variation

12 [21] Cross-sectional| CBCT 200 Haller CBCT with coronal reformats 49.5 %; sinus pathology
13 [22] Cross-sectional| CBCT 120 Haller Two radiologists assessed the orbital floor | 56.7 %; dehiscence risk
14 [23] Cross-sectional | Panoramic 291 Haller Dental radiology setting 23.7 %; adjunct use

15 [24] Comparative CBCT 715 total Multiple Radiology-standardized CBCT protocol Ethnic variation

16 [5] Cross-sectional CT 215 Ethmoid roof, CB| Radiology QA for roof angle & asymmetry 62 % asymmetry

17 [25] Cross-sectional CT Local OMC variants | Radiology supervision; skull-base mapping Broad variant panel

Results summarize the pooled prevalence patterns of key
anatomical variants. The Onodi cell demonstrated a wide
range (10-65 %), while Keros Type Il predominated among
olfactory-fossa classifications (74%). Accessory maxillary
ostium(AMO)and Haller cells occurred in 35-73 % and 23-57
%, respectively, whereas concha bullosa and ethmoid-roof
asymmetry were observed in roughly 45 % of scans. CBCT
yielded superior detection of minute osseous recesses and

accessory ostia, whereas CT provided greater accuracy for
skull-base evaluation and olfactory-fossa depth. This
synthesis clarifies the reviewer's request for modality-
specific analysis and standardized terminology by
consistently referring to “paranasal sinus anatomical
variations.” Regional heterogeneity reflects population-
specific morphologic adaptation but remains clinically
relevant for pre-operative imagingassessment(Table 2).
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Table 2: Prevalence of Key Paranasal Sinus Variants(2010-2025)

References Variants Imaging Range (%) Weighted Mean (%) Location Surgical Concern
[13,14] Onodi Cell CT+CBCT 10-65 34 Posterior ethmoid — sphenoid| Optic nerve / ICA injury
[17, 24] Keros Type Ill CT+CBCT 59 (T{prepléli;l)70—80 74 (Type II) Cribriform plate CSF leak risk
[19,20] AMO CBCT 35-73 42 Hiatus semilunaris Mucus recirculation
[21,23] Haller Cell CT/CBCT 23-57 45 Infra-orbital region Orbital floor risk
[24,25] |ConchaBullosa/Roof CT 30-62 45 Middle turbinate/roof OMC obstruction

Findings outline the surgical implications and preferred imaging protocols derived from these findings. Radiology-guided
interpretationdirectly influencesintra-operative safety. Onodi cells pose the greatest optic-nerve and internal-carotid risk,
emphasizing the value of HRCT or CBCT with radiologist review before sphenoidotomy. Deep Keros Type Il fossae increase
cerebrospinal fluid leak potential, demanding pre-operative CT or CBCT assessment of lateral-lamella angulation. CBCT
fusion imaging reliably identifies AMO to prevent mucus recirculation, while fine-voxel CBCT mapping of Haller cells
safequards the orbital floor. This table thus bridges radiologic evaluation with surgical decision-making, illustrating the
reviewers'recommendationto differentiate CBCT from CT inoperative relevance(Table 3).

Table 3: Surgical Implicationsand Preferred Radiologic Protocols

References Variants Surgical Hazard Radiologic Indicators Preferred Protocol Intra-operative Precaution
(13, 14] Onodi Cell Optic nerve / ICA | Posterior ethmoid cell superolateral | HRCT (<1 mm)or CBCT Avoid superolateral
' noart.e injury to the sphenoid sinus with radiologist review dissection
._ | Olfactory fossa > 7 mm; steep lateral | Coronal CT/CBCT (bone | Caution near the cribriform
[17, 24] Keros Type Ill CSF leak/anosmia lamella angle algorithm) plate
[19, 20] AMO Persistent Secondary ostium adjacent to Axial-coronal CBCT Merge ostia to prevent
! sinusitis primary fusion recurrence
U Infra-orbital cell with thin lamina CBCT 0.2-0.3mm i
[21,23] Haller Cell Orbital injury papyracea voxel Gentle uncinectomy
Roof injury / OMC Pneumatized turbinate; roof Coronal CT pre-FESS Resection on the deeper
[24,25] | Concha Bullosa/ Roof blockage asymmetry mapping side only

The study presents the quality-assessment outcomes (QUADAS-2 / Modified NOS). Fifteen of seventeen studies
demonstrated low overall bias, with high imaging clarity attributed to radiology-supervised methodology. Radiology quality
indicators such as MPR verification, dual ENT-radiology assessment, and skull-base reconstruction protocols underscore
the strong diagnostic oversight. CBCT studies achieved substantial inter-observer reliability (x > 0.8), confirming internal
consistency. Only two works showed moderate bias, mainly due to small cohorts or limited spatial resolution(Table 4).

Table 4: Quality Assessment(QUADAS-2/ Modified NOS)

Sr.No. References Imaging SelectionBias  Imaging Clarity = Qutcome Bias Overall Risk Radiology Quality Indicator
1 [10] CT Low High Low Low Radiologist-verified MPR review
2 [6] CBCT Low High Low Low ENT-Radiology dual assessment
3 [13] CT Mod High Low Low-Mod Skull-base reconstruction protocol
4 [16] CBCT Low High Low Low Radiology-calibrated angles (Gera)
5 [18] CBCT Low High Low Low x> 0.8 radiologist agreement
6 [19] CBCT Low High Low Low Radiology supervision AMO scoring
7 [22] CBCT Low High Low Low Dual radiologist evaluation
8 [5] CT Low High Low Low Radiology QA for the ethmoid roof
g [25] CcT Low High Low Low A radiologist defined the OMC criteria

(otherssimilar, non-radiology bias Low)

DISCUSSION

The synthesis of seventeen original CT/CBCT studies accessory maxillary ostium (AMO), and concha bullosa with
demonstrates that paranasal sinus anatomical variations population-specific variability. These findings reinforce
are common and clinically significant for endoscopic sinus the importance of systematic radiologic reporting before
and skull-base surgery. Recent radiological investigations surgical intervention [6]. Incorporating a standardized
(2012-2025) consistently report high prevalence of key “variant checklist” in radiology reports enhances
variants, Onodi and Haller cells, deep Keros type Il fossae, communication between radiologists and surgeons and
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improves surgical safety. Onodi cells remain the most
critical surgical variant because of their proximity to the
optic nerve and internal carotid artery. Recent CT-based
studies (2023-2024) confirmed that regional
pneumatization differences can influence optic canal
dehiscence patterns, necessitating population-based
imaging data for preoperative safety mapping [26].
Accordingly, each CT or CBCT report should specify the
Onodicell's positionrelative to the sphenoid sinusand optic
canal. Ethmoid roof configuration significantly affects
skull-base safety. Multiple CT and CBCT studies reaffirm
Keros type Il predominance, with a smaller but high-risk
type Il subset. The combined Keros-Gera-TMS
classification enhances lateral lamella risk prediction, and
bilateral assessment of olfactory fossa depth should be
part of every structured report [27]. Radiologists should
flag type Il fossae as "high-risk” and describe asymmetry
when present. AMO has emerged as an important cause of
mucus recirculation and persistent maxillary sinusitis.
Recent CBCT analyses (2023-2025) reported AMO in
35-70% of maxillary sinuses, describing variable shapes
and insertion sites that affect surgical planning[28]. When
AMO is identified, unification of the natural and accessory
ostia should be advised to prevent recurrence. Haller
(infraorbital ethmoid) cells, although primarily anatomical
variants, have significant clinical implications. A 2023
CBCT study correlated Haller cells with orbital floor
dehiscence and infraorbital canal thinning[22]. Therefore,
radiologic reports should highlight any orbital floor defect
or canal proximity to guide conservative uncinectomy.
Concha bullosa and septal deviation remain common
variant clusters influencing the osteomeatal complex. A
2024 Indian CBCT study reported concha bullosa in over
50% of cases, frequently coexisting with septal deviation
or agger nasi cell [29]. Radiologists should identify and
report these combined variant patterns, as they define
drainage routes and surgical corridors. Recent multi-
country studies (2024-2025) expanded understanding of
frontal recess and sphenoid pneumatization patterns,
validating thin-slice CT (<1 mm) as the optimal modality for
preoperative mapping. MRl remains a secondary tool for
assessing perineural or soft-tissue extension when
required [30-32]. High-resolution CBCT enhances bony
detail visualization, particularly the ethmoid roof, lamina
papyracea, infraorbital canal, and AMO morphology,
offering superior accuracy for bone-focused surgical
planning[27, 33]. Combined application of Keros, Gera, and
TMS classifications provides a comprehensive risk
framework for skull-base and orbital structures. Recent
CT-based work (2024-2025) has also characterized
vascular and neural landmarks, especially the anterior
ethmoidal artery, identifying lateral asymmetry and its
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relationship to the skull base [34]. Including the artery's
course and asymmetry in radiology reports helps reduce
intraoperative bleeding risk. Overall, the pooled evidence
supports harmonizing radiologic terminology and
reporting standards across centers. Studies from Turkiye,
India, and Poland now advocate for structured radiology
templates listing key variants (Onodi, Haller, AMO, Keros,
frontal recess, and roof asymmetry) to improve
reproducibilityand clinical translation[ 34, 35].

CONCLUSIONS

This systematic review confirms that paranasal sinus
anatomical variations are frequent, population-
dependent, and radiologically measurable entities with
major surgical implications. Recognition and standardized
reporting of these variants on preoperative CT or CBCT
imaging are essential for planning safe endoscopic sinus
and skull-base surgery. Integrating structured, variant-
focused radiology templates detailing Onodi, Haller, Keros,
AMO, and roof asymmetry can substantially reduce optic
nerve, orbital, and cerebrospinal fluid injury risks. Future
directions should include multicenter, multi-ethnic
imaging analyses using uniform protocols(<1mmCT or<0.3
mm CBCT voxel) to refine prevalence data and establish
universal diagnostic thresholds. Harmonized radiologic
definitions and consistent scoring of anatomical variants
will improve interobserver reliability and global
comparability. In conclusion, this review emphasizes
radiology's central role in identifying anatomic variants,
guiding preoperative planning, and minimizing surgical
morbidity through evidence-based, standardized
reporting.
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