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ABSTRACT

Background. Malignant tumors of the nasal cavity and paranasal sinuses present unique
diagnostic challenges. Due to their concealed location and nonspecific symptoms, over 70% of
cases are diagnosed at an advanced stage, leading to high mortality. While modern oncology
utilizes precise imaging (CT, MRI), earlier approaches relied on physical examination and
topographical classifications. Understanding this evolution remains crucial for contemporary
rhinosurgery.

Aim. This study analyzes historical concepts to understand how pioneers perceived anatomical
barriers and tumor spread. It further links these perspectives to tumor biology and the evolution
of modern strategies, including skull base surgery.

Materials and methods. This study synthesizes historical and contemporary data to trace the
evolution of anatomical classifications. A search of PubMed, Google Scholar, and Web of
Science databases was performed, focusing primarily on English-language articles relevant to
sinonasal tumor surgery and imaging.

Results. Early classifications (Sebileau, 1906; Ohngren, 1933) relied on geometric planes for
prognosis. The advent of CT/MRI and the TNM system (1977) shifted the paradigm from
theoretical geometry to anatomical barriers, while Harrison (1976) proved the feasibility of
skull base resection. Consequently, surgery evolved from rigid "en bloc" resections to
"compartment theory" and endoscopic techniques based on wall infiltration. Future trends point
towards multidimensional models integrating radiomics and molecular profiling, extending
beyond anatomy to biological signatures.

Conclusions. The evolution of classification systems, from historical topographic lines to
modern radiomic algorithms, reflects the progression from macroscopic assessment to digital
precision. Despite the paradigm shift toward a functional approach, the precise delineation of
tumor boundaries remains a critical challenge for optimizing surgical efficacy and minimizing
complications

Keywords: paranasal sinuses, CT/MRI imaging, carcinoma, prognostic factors, maxillectomy

Introduction

Malignant neoplasms of the maxillo-ethmoidal complex (nasal cavity and paranasal sinuses)
constitute one of the most complex challenges in head and neck surgery. An analysis of
epidemiological data reveals a specific demographic and clinical profile for this patient group.
Although the annual incidence remains low, at approximately 0.83 cases per 100,000
population, these statistics do not fully reflect the unique diagnostic and clinical significance of
these malignancies. The peak incidence occurs between the 5th and 7th decades of life, with a
median age of 62.6 years. A notable predilection for the male sex is observed (58.6% of cases)
[1,2].



The concealed location within the pneumatic spaces of the facial skeleton results in symptoms
often being trivialized due to their highly nonspecific nature, exhibiting a deceptive
resemblance to more common benign inflammatory pathologies or conditions of allergic
etiology [3]. Furthermore, the neoplastic process develops in close proximity to critical
structures, such as the orbit, the skull base, and the brain [4]. Additionally, the
paucisymptomatic onset of the disease is reflected in dramatic diagnostic indicators: at the time
of diagnosis, over 72% of patients are diagnosed with an advanced stage of the cancer process,
and the mortality rate is 558% relative to the general population. The observed 5-year survival
rate reaches only 53%, while the median survival time oscillates around 6 years [2].
Contemporary oncology utilizes advanced imaging methods (CT, MRI) that allow for three-
dimensional tumor mapping with millimeter precision. Computed tomography (CT) remains
the method of choice for assessing the integrity of bone structures, precisely imaging foci of
osteolysis and calcification, which constitutes the foundation of preoperative surgical planning.
Conversely, magnetic resonance imaging (MRI) is characterized by higher soft-tissue contrast
resolution, which is crucial for differentiating the actual tumor mass from accompanying
inflammatory reactions and secretion retention [5,6].

However, in the era prior to the widespread adoption of computed tomography, surgeons had
to rely on physical examination, conventional radiography, and clinical intuition. It was during
this period that the need arose to create systematic topographical classifications that would
allow not only for the description of tumor location but, above all, for the assessment of its

operability and prognosis.

Material and methods

This study traces the evolution of anatomical classification systems by synthesizing selected
historical references dating back to the early 20th century alongside the most recent literature.
A comprehensive search was conducted in PubMed, Google Scholar, and Web of Science
databases using the following keywords: paranasal sinuses, CT/MRI imaging, carcinoma,
prognostic factors, and maxillectomy. The analysis primarily focused on articles published in

English.

Results
The history of diagnosing sinonasal malignancies dates back to antiquity; however, for
centuries, their clinical presentation remained obscure. Craniofacial tumors were described as

early as the Egyptian Ebers Papyrus and Edwin Smith Papyrus (c. 1600 BCE), yet until modern



times, malignant lesions were notoriously confused with chronic inflammatory states or nasal
polyps (polypos), as described by Hippocrates [7,8].

A breakthrough in understanding the pathology of this region occurred only in the 17th century,
with the detailed description of the maxillary sinus anatomy by Nathaniel Highmore (1651).
The discovery of a pneumatic space within the bone allowed physicians to understand that a
proliferative process could develop in hidden manner, within the antrum, manifesting
symptoms only after the destruction of bony walls [8]. In 1676, Richard Wiseman was one of
the first clinicians to clearly distinguish "malignant tumors of the jaw" from benign lesions,
highlighting their destructive nature [9].

Nevertheless, for the next two centuries, tools for the precise assessment of tumor location were
lacking. It was not until the development of surgical anatomy at the turn of the 19th and 20th
centuries that the need arose to create classification systems to organize this complex group of

neoplasms.

The Era of ""Lines and Planes': A Geometric Approach to Predicting Operability

In the epoch preceding the CT era, the diagnosis and treatment planning of sinonasal tumors
were based on geometric simplifications. Surgeons, equipped only with conventional
radiography and physical examination, sought schematics that would allow them to predict the
three-dimensional behavior of a tumor based on two-dimensional images. The designation of
arbitrary lines on the skull aimed not only to localize the lesion but primarily to assess the
patient's chances of surviving the surgical procedure.

The foundation for all subsequent classification systems was the concept by Pierre Sebileau in
1906. The French surgeon developed a horizontal division, delineating three anatomical zones
within the complex: the infrastructure (L'infrastructure), comprising the alveolar process and
the floor of the maxillary sinus; the mesostructure (La mésostructure), containing the maxillary
sinus proper and the lateral nasal wall; and the suprastructure (La suprastructure), which
included the ethmoid, frontal, and sphenoid sinuses, as well as the roof of the maxillary sinus
(i.e., the orbital floor). Sebileau was the first to identify the suprastructure as a region associated
with the worst prognosis due to its direct proximity to the skull base and brain, which at that
time constituted a nearly insurmountable barrier for surgery [10].

Another milestone that dominated laryngological oncology for nearly half a century was the
publication by L.G. Ohngren from Sweden in 1933. He proposed a departure from simple
horizontal lines in favor of an oblique plane running from the inner canthus of the eye (medial

canthus) to the angle of the mandible (gonion). This famous "malignancy plane"” divided the



maxillo-ethmoidal complex into two sectors with vastly different prognoses. Tumors located in
the antero-inferior sector (so-called external) were considered easier to remove and had a better
prognosis due to less frequent metastasis and, more importantly, easier diagnosis associated
with earlier symptoms visible in the oral cavity or on the face. Conversely, lesions located in
the postero-superior sector, involving deep structures in the vicinity of the pterygopalatine fossa,
were characterized by aggressive progression and were historically often categorized as
inoperable. Ohngren attributed this unfavorable prognosis to the specifics of lymphatic drainage.
He indicated that lymph from this area drains to the retropharyngeal nodes, which, unlike the
submandibular nodes draining the anterior sector, remain inaccessible to palpation and present
a challenge for surgical resection [11].

In later years, however, the limitations of simple geometric divisions were recognized. In 1951,
C.P. Wilson significantly revised Ohngren’s concept, indicating that any classification based
solely on the site of tumor origin is insufficient. He proposed a functional division—based on
the direction of tumor spread—into tumors of the medial type (medial/ethmoidal group),
originating from the lateral nasal wall and ethmoid cells, and the lateral type (lateral/antral
group), originating from the recesses of the maxillary sinus. Wilson demonstrated that this
topographic distinction determines a specific clinical picture—with a dominance of naso-orbital
symptoms in the first group versus buccal-dental symptoms in the second—and also defines the
vectors of infiltration towards the skull base [12].

With the development of radiation techniques, a need arose for even greater topographical
precision, expressed in the work of Francois Baclesse from the Curie Institute (1952). Baclesse
deemed the existing Sebileau lines too simplified for the needs of radiotherapy and proposed a
complex system based on a grid of vertical and horizontal lines, distinguishing a total of ten
anatomical regions (A, B-H, J, L). His key contribution to the development of classification
was the isolation of orbital and pterygoid fossa involvement as independent and critical
prognostic categories [13,14,15].

In 1959, G.D. Dodd et al. critically analyzed the clinical utility of Baclesse's system, pointing
to its theoretical nature. The authors argued that at the time of diagnosis, the neoplastic process
rarely remains confined to a single anatomical sector, making rigid geometric division difficult
to apply in practice. They proposed a systematic protocol based on tomography, which allowed

for precise tumor "mapping" within existing regions [16].



The "Transitional™ Era: From Geometry to Anatomical Barriers and the TNM System
The 1960s and 1970s brought a fundamental paradigm shift in the classification of sinonasal
tumors. With the advancement of surgical and radiotherapeutic techniques, simple lines
projected onto the skull ceased to suffice. There was a gradual shift away from theoretical
planes in favor of precise assessment of the involvement of specific anatomical structures and
bony barriers.

A turning point, bridging the European tradition with the modern approach, was the
classification presented in 1969 by Manuel Lederman. This British radiotherapist created the
most complete "linear" system in history, which was a hybrid extension of the concepts of
Sebileau and Ohngren. He proposed a classification system for upper jaw tumors aimed at
unifying the description of sinus and nasal cavity tumors, treating them as an anatomical-
clinical entity. Lederman based his division on two horizontal lines parallel to the hard palate:
the first passing through the floor of the maxillary sinuses and the second through the floor of
the orbits. By adding vertical lines, he obtained a precise topographical grid. He also presented
his own proposal for TNM staging. Although this system was still based on geometry, its main
goal was the optimization of radiation field planning, allowing for a more individualized
approach to therapy [13,17].

Meanwhile, in America, the year 1963 (six years prior to Lederman) brought a fundamental
redefinition of the diagnostic approach, signed by Sissona and Johnson. Through the
implementation of the TNM system, these authors moved away from abstract skull geometry
towards clinical anatomy. In their view, static division lines lost significance in favor of
dynamic assessment of bony barrier destruction. This shift toward evaluating invasiveness and
tumor pathomorphology marked the definitive end of the era of linear classifications and paved
the way for contemporary, multidimensional prognostic models [18].

In the face of the growing discrepancy in oncological nomenclature between European and
American schools, Philip Rubin attempted to integrate classification systems. His concept was
based on the introduction of unified graphic schematization. Rubin developed sets of
standardized anatomical diagrams, so-called "tumor maps," intended to function as a universal
visual language enabling precise information exchange within interdisciplinary teams
(radiologist—surgeon—radiotherapist). This initiative, a direct reaction to the terminological
chaos of the time, became the foundation for modern standards of medical documentation and
disease extent assessment [19].

The culmination of this transitional period, and simultaneously a revolution in surgical thinking,

was the concept presented in 1976 by D.F.N. Harrison. Although Harrison did not create a



tabular classification sensu stricto, his contribution to understanding the operability of these
tumors was groundbreaking. He questioned the prognostic fatalism attributed to Ohngren’s line,
proving that tumors of the so-called suprastructure need not be a death sentence. He believed
that the poor prognosis of tumors in this region resulted not from tumor biology, but from
inadequate surgery. Surgeons feared operating in this region, leaving residual tumor at the skull
base. Harrison emphasized that the true limit of operability is not an arbitrary line on the face,
but the skull base, specifically the cribriform plate. His works provided theoretical foundations
for the development of craniofacial resections, proving that the skull base barrier could be safely

crossed by the surgeon [20].

The ""Modern™ Era: 3D Mapping and the Concept of Anatomical Compartments

The last decades of the 20th century brought a fundamental redefinition of classification
systems, determined by the popularization of computed tomography and magnetic resonance
imaging. The introduction of three-dimensional tumor visualization meant that historical lines
and planes, once key determinants of prognosis and operability, lost their primary clinical
significance, currently retaining mainly didactic and historical value.

A symbolic moment in history, marking a new stage in rhinological oncology, was the year
1977, when the American Joint Committee on Cancer (AJCC) published the first edition of the
classification dedicated to paranasal sinus tumors. The codification of the TNM system
represented a moment of global standardization of clinical language [21]. The evolution of the
AJCC system was not a linear process but a dynamic reaction to clinical verification.

In the original 1977 classification (1st edition), invasion of deep structures such as pterygoid
muscles, the infratemporal fossa, or the orbit defined the T3 stage. However, attempts at
prognostic validation of this model failed, forcing a revision of criteria. Despite introducing
significant modifications in 1997 (5th edition), key vectors of tumor spread, including
infiltration of the infratemporal fossa, were still left in the T3 category. It was not until the 2002
system (6th edition) that a fundamental correction reflecting the actual weight of these
anatomical barriers was made. This edition introduced a distinction in the assessment of orbital
infiltration and dura mater involvement, and invasion of the infratemporal fossa was finally
reclassified as a T4 feature, recognizing these as indicators of advancement that critically
worsen prognosis [22]. In 2017 (8th edition), melanoma was separated, which does not have
T1 and T2 features, meaning that every melanoma in the sinus begins immediately as T3,

reflecting its malignancy [23].



Since then, therapeutic decisions have ceased to be determined by the tumor's relationship to
the historical lines of Ohngren or Lederman, giving way to objective assessment of the degree
of anatomical structure involvement, the lymphatic system, and the presence of distant
metastases.

Concurrently, a significant contribution to the evolution of topographical systems was made by
the Asian school, a direct consequence of the much higher incidence of maxillary cancer in this
population [24]. In 1966 and 1971, S. Sakai presented his own classification proposal [25,26,27].
Based on progress in imaging, he introduced the concept of subsegmentation, dividing the
maxillary sinus into a series of smaller sectors based on its specific walls. Japanese researchers,
possessing extensive clinical material, demonstrated that such meticulous mapping allows for
the prediction of tumor spread pathways with significantly higher accuracy than Western

systems of the time [25].

The ""Contemporary' Era: Endoscopic Classifications and Limits of Resectability

The contemporary therapeutic paradigm crystallized at the turn of the 20th and 21st centuries,
being a direct consequence of the dynamic development of endoscopic skull base surgery
(ESBS) and the work of pioneers such as G. lannetti and Wolfgang Draf [28,29,30]. The
widespread adoption of the endoscopic technique fundamentally reversed the operative
perspective; traditional visualization from the external surface was replaced by assessment
"from within."”

This change in visualization perspective, supported by the implementation of intraoperative
image-guided sinus surgery (IGSS) and high-resolution magnetic resonance imaging, forced a
thorough re-evaluation of existing topographical schematics [31].

Under conditions of endoscopic assessment of the surgical field, static linear divisions lost their
clinical justification. They were replaced by the concept of "compartment theory,” based on
dynamic vector analysis, where instead of geometric vertical stratification, an independent
assessment of the degree of infiltration of each sinus wall is performed [32].

This strategy enabled a departure from the paradigm of en bloc resections in favor of tailored
surgery, which allows for the optimization of the resection scope within the complex
architecture of the skull base, guaranteeing the preservation of oncological margins while

simultaneously minimizing trauma to surrounding tissues [33].

Discussion
The analysis of the evolution of classification systems—from simple geometric lines to modern

staging—Ileads to the conclusion that this process is not yet complete. Currently, rhinological



oncology is in a phase of deep transformation, where static topographic anatomy is gradually
being integrated with molecular biology and advanced digital analysis [34]. It appears that the
future of prognostic systems will rely on three pillars: radiomics, molecular profiling, and so-
called hybrid navigation [35,36].

It should be noted that traditional systems, such as TNM or Lederman’s classification, are based
almost exclusively on macroscopic morphological assessment. Meanwhile, the future of
diagnostics seems to belong to radiomics and the concept of "virtual biopsy".

The utilization of artificial intelligence (Al) algorithms to extract thousands of image features
allows for the detection of phenomena remaining beyond the perception of the human eye. Al
systems are capable of generating predictive maps, indicating tumor subregions with the highest
biological aggressiveness or potential chemoresistance, as well as demonstrating the risk of
recurrence [35,37,38]. This means that instead of relying on rigid division lines, future
algorithms will identify areas that, despite being located in a theoretically safe anatomical zone,
exhibit a high-risk biological signature.

Parallel to the progress in preoperative imaging, new technologies are redefining the concept
of intraoperative precision. Augmented reality (AR) and hybrid navigation systems aim to
visualize resection boundaries in real-time through image fusion and the superposition of three-
dimensional models of critical structures (e.g., the internal carotid artery) directly onto the
surgical field [39].

Ultimately, however, in the era of precision oncology, a gradual marginalization of pure
anatomy in favor of molecular profiling is observed. Confirmation of this paradigm shift is the
5th edition of the WHO Classification (2022), which redefines the systematics of sinus tumors
based on their genetic signatures. Anatomical location (T feature), which for decades formed
the basis of therapeutic decisions, is becoming secondary in many cases to the tumor's genetic
profile (including HPV status, NUT gene mutations, IDH2 expression, c-MET expression)
[40,41].

It is therefore to be assumed that future classification systems will evolve towards integrated
models. They will likely combine location (anatomy), imaging phenotype (radiomics), and
genetic profile (biology), creating multidimensional risk models that correlate with survival
much more precisely than any single line or plane described in the past [42].

Conclusions
The historical analysis, from the geometric concepts of Pierre Sebileau and L.G. Ohngren,

through the TNM system, to modern radiomic algorithms, reveals the remarkable evolution of



oncological thought. The history of topographical divisions of the maxillo-ethmoidal complex
Is a process of striving for precision: from the macroscopic assessment of the skeleton, through
microscopic tissue analysis, to digital data processing. Although historical eponyms have given
way to functional endoscopic scales, the primary goal of classification remains unchanged: the
precise delineation of the boundary between neoplastic and healthy tissue, aiming to optimize

treatment outcomes and minimize complications.
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