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RHINOLOGY

Radiologic and cadaveric spatial relation between
nasopalatine canal and the middle turbinate axilla

Cover figure. Radiological reconstruction of CT scan showing the spatial relation between
the nasopalatine canal and the septal projection of the middle turbinate axilla.

Summary

Objective. This study aims to describe the spatial relation (SR) between the nasopalatine canal
(NPC) and the septal projection of the middle turbinate axilla (MTA-SP), 2 anatomical landmarks
used in rhinology.

Methods. A retrospective study was conducted in patients who underwent a cone bean computed
tomography. Two radiological measurements were assessed by 2 examiners: the distance between
the perpendicular line corresponding to the MTA-SP to the posterior border of the NPC and the
distance between the anterior and posterior border of the NPC. Also, an anatomical dissection
was performed on a cadaveric head and NPC was cannulated to visually assess the SR through a
radiological reconstruction.

Results. Among 30 patients, 14 females and 16 males with a mean age of 46.6 (SD 18.8) years, the
mean distance between the perpendicular line corresponding to the MTA-SP to the posterior border
of the NPC was -0.08 mm (SD 2.4 mm) and the mean distance between the anterior and posterior
border of the NSP was 2.7 mm (SD 1.4 mm).

Conclusions. The septal projection of the middle turbinate axilla is above and slightly in front to the
NPC, at a mean distance of 0.08 mm. Understanding this relationship provides essential informa-
tion about structure and spatial orientation of the nasal cavity.

Keywords: nasal septum, nasal cavity, nasal surgery, endoscopy, anatomy

Octavio Garaycochea', Isam Alobid??,
Carla Rodriguez-Zanetti', Laura
Pujol-Vila2, Marta Calvo-Imirazaldu?,
Secundino Fernandez'

" Department of Otorhinolaryngology, Clinica Univer-
sitaria de Navarra, Pamplona, Spain; 2 Rhinology and
Skull Base Unit, Department of Otorhinolaryngology,
Hospital Clinic, IDIBAPS, CIPERES, Barcelona Univer-
sity, Barcelona, Spain; ° Unidad Alergo Rino, Centro
Meédico Teknon, Barcelona, Spain; * Department of
Radiology, Clinica Universitaria de Navarra, Pamplona,
Spain

Received: April 14, 2025
Accepted: February 20, 2026

Correspondence

Carla Rodriguez-Zanetti
E-mail: crodriguezzanetti@unav.es

How to cite this article: Garaycochea 0, Alobid I,
Rodriguez-Zanetti C, et al. Radiologic and cadaveric spatial
relation between nasopalatine canal and the middle
turbinate axilla. Acta Otorhinolaryngol Ital 2026;46:281-287.
https://doi.org/10.14639/0392-100X-A1231

© Societa Italiana di Otorinolaringoiatria
e Chirurgia Cervico-Facciale

@ OPEN ACCESS

This is an open access article distributed in accordance with the
CC-BY-NC-ND (Creative Commons Attribution-NonCommercial-
NoDerivatives 4.0 International) license. The article can be used
by giving appropriate credit and mentioning the license, but only
for non-commercial purposes and only in the original version. For
further information: https://creativecommons.org/licenses/by-nc-
na/4.0/deed.en

281


https://doi.org/10.14639/0392-100X-A1231
https://creativecommons.org/licenses/by-nc-nd/4.0/deed.en
https://creativecommons.org/licenses/by-nc-nd/4.0/deed.en

O. Garaycochea et al.

Introduction

The nasal septum (NS) is an osseocartilaginous structure
located in the midline of the nasal fossa (NF) forming the
medial wall of the nasal cavities. It has a primary role in res-
piratory physiology and nasal aesthetics !. At the lower part
of the NS, a bony passage provides a direct communication
between the oral and nasal cavity (NC) opening into the na-
sal floor (Stenson foramina) at approximately 20 mm from
the columella and 15 mm from the anterior nasal spine **.
This passage, known as the nasopalatine canal (NPC), al-
so anterior palatine or incisive canal, contains the termi-
nal branch of the greater palatine artery (also nasopalatine
artery), the nasopalatine nerve, and the nasopalatine duct
along with small salivary glands, adipose and connective
tissue *. The oral opening of the NPC has traditionally been
considered more clinically relevant, particularly in ortho-
dontic treatment, compared to its nasal opening °. However,
in recent years, the nasal opening, observable in 94% of
cases and exhibiting various morphological presentations
(round, oval, spindle or tubular), has garnered increasing
attention from a rhinological perspective °. It has been iden-
tified as a key anatomical landmark for topical vasocon-
striction and local infiltration 7, for delimiting the anterior
portion of the NS ¥, and for evaluating the use of greater
palatine artery flap as a surgical option for closure of nasal
septum perforations °.

Parallel to the NS in each NF is the turbinate wall, formed
by the inferior, middle (MT) and superior turbinates. This
structure is part of the lateral nasal wall and separates the
nasal fossa from the adjacent paranasal sinuses °. The MT
can be divided into 3 segments. The first, anterior sagittal-
oriented segment (lamina recurvata), is parallel to the lam-
ina papyracea laterally and the NS medially, perpendicular
to the skull base and superiorly attached to it. The second,
coronal-oriented segment, corresponds to the sigma and
concave/convex plate of the basal lamella. The third, pos-
terior transversely-oriented, corresponds to the horizontal
plate of the basal lamella, is parallel to the nasal floor and
skull base, and attached laterally to the crista ethmoidalis of
the perpendicular process of the palatine bone '°. The ante-
rior end of the first segment is attached laterally to the na-
sal surface of the maxillary bone’s frontal process, forming
the so-called “middle turbinate axilla” (MTA). This attach-
ment point, and its septal projection (MTA-SP) have been
widely used as a stable anatomic landmark in endoscopic
surgery 13,

Understanding how objects or points are positioned in
space relative to another is defined as spatial relation (SR).
It involves the ability to comprehend and mentally ma-
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nipulate positions, directions and distances between points
within a defined space. The NPC and the MTA are 2 bony
anatomical landmarks — one inferiorly at the septal level
and the other superiorly on lateral wall — that can be as-
sessed clinically and radiologically. Since the SR between
different anatomical landmarks can improve the anatomical
orientation and help define and segment the structure of the
NC, the aim of this study was to determine the SR between
the NPC and the MTA-SP.

Materials and methods

Radiologic examination

A retrospective study was conducted at the Otorhinolar-
yngology and Head and Neck Surgery and Radiology De-
partments of the University Clinic of Navarre with the ap-
proval from the Institutional Ethical Committee. The study
included cone beam computed tomography (CBCT) images
of the NC and paranasal sinuses of patients assessed in the
Rhinology Unit from May 2024 to July 2024. CBCT as-
sessment was not routinely made and only performed when
indicated based on each patient’s situation. Only patients
without signs of pathology at the level of the nasal floor,
inferior meatus, middle meatus and ethmoidal region were
included. Patients with history of nasal trauma, dacryocys-
torhinostomy, septal/sinus/maxillofacial surgery or under-
going orthodontic treatment were excluded.

Using multiplanar reconstructions, the projection of the
MTA-SP was first identified in the axial plane as previously
described by Gras-Cabrerizo et al. '“. Once this point was
localised and centred at the level of the NPC using the coro-
nal plane as a reference, a perpendicular line was drawn in
the sagittal plane form the MTA-SP to the nasal floor, in the
slice where the anterior and posterior borders of the NPC
were most clearly identifiable. Two radiological measure-
ments were obtained from the sagittal slice using the ruler
tool of the software: 1) distance between the perpendicular
line corresponding to the MTA-SP to the posterior border of
the NPC (when anterior to it the value was negative, while
if posterior the assigned value was positive); 2) distance be-
tween the anterior and posterior border of the NPC in its
nasal opening (Fig. 1).

Radiological measurements for each CBCT scan were
independently performed by 2 examiners and intraclass
correlation coefficient (ICC) was calculated to assess the
consistency between their results. All measurements were
included in the analysis. A Shapiro-Wilk test indicated that
data distribution for both measures 1 and 2 was not nor-
mally distributed. A Mann-Whitney U test was conducted
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Figure 1. Examples of radiological measurements. Red line — Measurement 1: distance between the perpendicular line corresponding to the MTA-
SP to the posterior border of the NPC. Green line — Measurement 2: distance between the anterior and posterior border of the NSP. MTA-SP: septal
projection of the middle turbinate axilla; PB: posterior border of the nasopalatine canal.

to evaluate differences between sex and measurements, and
Spearman’s correlation was used to assess the relationship
between age and measurements.

Anatomic examination

A fresh-frozen cadaveric head of an adult male specimen
from the University of Navarre School of Medicine’s Ana-
tomical Donor Program was used for the anatomic exami-
nation.

To evaluate the SR between the NPC and MTA-SP from an
endoscopic perspective, the nasal opening of the NPC in
the left NC was identified using a 0° lens. Once located, it
was visualised from the NC using 30°, 70°, and 120° lenses.
Subsequently, the oral mucosa at the level of the hard palate
beneath the incisive papilla was dissected to identify the
oral opening of the NPC. Once identified, the canal was
accessed with a 90° angled probe until it was visualised
within the NC.

An open rhinoplasty was then performed through a transcol-
umellar approach to fully expose the nasal bones. Once ex-
posed, an opening of approximately 10 mm was made with

a cutting burr on the lateral margin of the left nasal bone,
through which a 120° lens was introduced to obtain a com-
plete view of the NC and the nasal opening of the NPC
from the MTA. Finally, the NPC was cannulated with a rig-
id metal stent until reaching the approximate location of the
MTA-SP. After the anatomical dissection was completed,
a non-contrast CT of the specimen was performed using a
single-source third-generation CT scanner (SOMATOM X,
Siemens Healthcare) (Cover figure and Figure 2).

Results

Thirty CBCT facial scans were analysed, 14 females and
16 males (mean age, 46.6 years; SD, 18.8). ICC between
both measures indicated a good reliability for both meas-
urements (0.834 and 0.873, respectively). The mean dis-
tance between the perpendicular line corresponding to de
MTA-SP to the posterior border of the NPC was -0.08 mm
(SD 2.4 mm). In 55% of cases, the line corresponding to the
MTA-SP coincided exactly with the NPC, in 15% with the
anterior border, in 25% within the NPC and in 15% with
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Figure 2. Anatomic examination. A) Oral opening of the NPC; B) Nasal opening of the NPC; C) Optic lens introduction through the nasal bone; D)
Cannulation of the NPC, nasal floor perspective; E) Cannulation of the NPC, superior perspective; F) Coronal view of the specimen with the canula; G)
Sagittal view of the specimen with the canula and radiological measurements. Black arrow: opening of the NPC; white arrow: optic lens; black ar-
rowhead: canula; white asterisk: nasal vestibule; black asterisk: middle turbinate; NS: nasal septum; IT: inferior turbinate.
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Figure 3. Spatial relation between the NPC and the septal projection
of the middle turbinate axilla. The posterior border of the NPC is located
at point 0.
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the posterior border (Fig. 3). There was no significant dif-
ference between sex and measure 1 (p = 0.49). There was
a significant difference between age and measurement 1
(p = 0.01) with a weak correlation (R = 0.17).

The mean distance between the anterior and posterior bor-
der of the NPC was 2.7 mm (SD 1.4 mm). There was a
significant difference between sex and measurement 2
(p = 0.04), with a mean 18.5 mm in males and 11.9 mm in
females. There was no significant difference between age
and measurement 2 (p = 0.13). Images of the anatomic ex-
amination are described in Figure 2 and Cover figure.

Discussion

The SR between anatomical structures has been previously
studied and demonstrated to be of significant clinical and
surgical relevance '°. The main finding of this study is the
close SR between the MTA-SP and NPC: the MTA-SP is
above and slightly in front to the NPC, at a mean distance
of 0.08 mm (SD 2.4 mm). Understanding this relationship
provides essential information to rhinologists about the



structure and spatial orientation within the NC. This is par-
ticularly important, as during nasal endoscopic examination
or surgery with a 0° endoscope, the angle of view forms a
20-to-25° tilt relative to the horizontal plane, making the
MTA appear more posterior than the NPC.

In fact, the MTA-SP is located superior and slightly anterior
to the NPC. Knowing this alignment helps the surgeon esti-
mate the position of instruments or the endoscope within the
NC, especially in narrow spaces like the nasal floor or the an-
terior skull base. For example, if the endoscope moves higher
within the fossa and the MTA becomes visible, the surgeon
can infer the superior positioning relative to the NPC. These
anatomical landmarks and their SR can help mitigate chal-
lenges of estimating sizes, distances, and the limited depth of
field in nasal endoscopy .

This SR can be explained from an embryological perspec-
tive. The NPC is located at the junction of the primary (PP)
and secondary palate (SP). Although recent studies suggest
that this canal does not originate at the fusion area but ad-
jacent to it (within the PP), it structurally separates both
palates 7. During the embryological development of the
NC, the olfactory placodes divide into medial and lateral
olfactory processes. According to the evo-devo theory, the
medial nasal processes fuse at the midline to form the in-
termaxillary process, which subsequently gives rise to the
SLC, while the lateral olfactory processes form the lobular
cartilage. The PP initially serves as the floor of the deep-
ening olfactory until it fuses with the SP (in the classical
theory, the intermaxillary process gives rise to the primary
palate) '8,

Above the SLC, the nasal bones fuse at the midline, project-
ing caudally under the frontal bone’s glabella. The maxil-
lary bone fuses with the lateral border of the nasal bone at
its anterior cranial edge and with the nasal process of the
frontal bone at its anterior superior edge. The union point
between the frontal process of the maxillary bone and the
nasal process of the frontal bone, adjacent to the orbit, cor-
responds to the region in the NC where the MTA is located
(the inferomedial aspect of the floor of the frontal sinus).
Caudally, the maxillary bones meet at the midline under the
frontonasal process to form the SP, which fuses anteriorly
with the PP, where the NPC will be formed. From an em-
bryologic standpoint, both the NPC and the MTA are situ-
ated at the anterior portion of the maxillary swellings, one
above the other, which relates to our findings.

This study also addresses the topic of anatomic nomencla-
ture. Currently, there is a lack of consensus and limited ap-
plicability of Cottle’s classification in clinical practice ',
mainly due to inconsistencies in the literature regarding

Nasopalatine canal and middle turbinate axilla

area definitions and artificial or non-anatomically defined
boundaries °. A new classification of NS areas has been
proposed by our group, built upon Cottle’s concept of di-
viding the NS into specific regions and incorporating nasal
functional areas described by Mlynski and Huizing ®. This
classification divides the NS into 3 distinct areas, using 2
anatomical landmarks that can be clinically and radiologi-
cally assessed: NPC and posterior edge of the hard palate.
It is based on the embryology, vascular supply, and surgical
anatomy of the NS. An anatomical reference for the NPC in
the upper region of the nasal fossa — both medially (MTA-
SP) and laterally (MTA) — can help in the spatial localisa-
tion of the anterior septal area described in this classifica-
tion.

Moreover, the SR between the NPC and the MTA suggests
that the classification proposed by our group may comple-
ment, to some extent, the division of the lateral nasal wall
proposed by Bodino-Jankoski et al. °, which divides into
pre-turbinal and turbinal wall by an imaginary line perpen-
dicular to the NC floor. This line extends superiorly at the
level of the MTA and inferiorly just anterior to the head of
the inferior turbinate. Anterior to this line, the pre-turbinal
lateral wall includes the lateral wall of the nostril, the ves-
tibule, the nasal valve area, and Cottle’s attic area, which
correspond to the external nose and face. These structures
are also encompassed within the projection of Area I of our
septal classification on the lateral nasal wall. The only dif-
ference is that, at the anterior-inferior level, the head of the
inferior turbinate is also included in the projection of Area
I; however, according to Bodino-Jankoski, it is considered
part of the turbinal wall. Although both classification sys-
tems segment parallel — the NS and the lateral wall — that
do not necessarily align due to their differences in function,
size, and structure, their projection notably converge at a
common anatomical landmark: the MTA and its septal pro-
jection. Regarding where the head of the inferior turbinate
is located, we consider it more appropriate to classify it as
part of the anterior nasal region.

This SR is not only valuable from an anatomical perspec-
tive, it can play a key role in surgical navigation. The MTA
serves as an important landmark in the lateral wall, guid-
ing various surgical approaches. In frontal sinus surgery, it
facilitates access to the frontal sinus from the lateral wall,
and the mucosa above it is involved in mucosal flaps in
Draf IIb or Draf III procedures 2. Laterally, it helps locate
the lacrimal sac during endonasal dacryocystorhinostomy
and serves as a boundary for transnasal endoscopic par-
tial maxillectomies, where type 3B may partially or com-
pletely remove the ascending-frontal branch of the maxil-
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lary bone) >2!. Additionally, the MTA provides a reference
point for accessing the frontal recess 22, and assists in the
localisation of the anterior ethmoid artery (AEA), which is
positioned at an average distance of 21 mm 2. Although dif-
ferent patterns of pneumatisation of the agger nasi cells can
occur above the anterior end of the MT, this cell is closely
related to the MTA *. Furthermore, the MTA-SP is approxi-
mately at 7.3 mm anteriorly (SD 0.9) to the entry point of
the nasal branch of the AEA into the NS, which is useful
to know when performing AEA flaps . The MTA-SP is
also linked to Stamm’s S-point, which corresponds to the
“axilla” projection of the MT, located posterior to the septal
body *.

Regarding the NPC size, our results align with the existing
literature. Although the size of the NPC depends from its
shape and angulation, a diameter averaging less than 6 mm
is considered normal. Difference between sexes has also
been previously described, with larger diameters in men.
In our results, no relationship was found between age and
canal size, although it has been reported that canal width
increases with age.

The primary limitation of this study is that the anatomical
analysis was conducted on a single specimen, and the ra-
diological assessment included only 30 subjects, limiting
the generalisability of the findings to broader population.
Furthermore, other anatomical factors of the NPC that in-
fluence its size and, therefore, the location of the posterior
edge, such as its shape and angulation, were not considered.

Conclusions

The main conclusion of this study is that the middle tur-
binate axilla and its septal projection is above and slightly
in front to the nasopalatine canal, at a mean distance of
0.08 mm. Understanding this relationship provides essen-
tial information to rhinologists about structures and spatial
orientation within the NC during endoscopic surgery.
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