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Simple Summary: The nasal cavity has been studied extensively in dogs. However, in cats, there are
few studies of the specific anatomy of the nasal cavity, and as far as big cats are concerned, we have
not currently found any studies. This work describes the anatomy of the nasal cavity of the domestic
cat and three big cats (leopard, lion, and cheetah) using computed tomography, magnetic resonance,
and rhinoscopy. The aim of this study is to highlight the specific anatomical characteristics of each
of these species, as well as the differences between the domestic cat and its nondomestic congeners.
This study highlights the advantages and disadvantages that each imaging technique provides for
the study of the nasal cavity. This will help veterinary clinicians diagnose the pathologies that can
affect this anatomical region and thereby improve their treatment. In addition, these big cats are in a
vulnerable state, close to extinction, and better diagnosis and treatment of their pathologies would
improve the survival of these species.

Abstract: The objective of this work was to study the normal anatomy of the nasal cavity of the
three species of big cats (leopard, lion, and cheetah) compared to the domestic cat through the use
of computed tomography, magnetic resonance imaging, and rhinoscopy. Computed tomography
allowed us to clearly visualize the entire bony and cartilaginous framework that supports the nasal
cavity. Magnetic resonance imaging permitted better visualization of the soft tissues of this cavity.
On the other hand, rhinoscopy enabled the direct visualization of the mucosa of the vestibule and
nasal cavity, which is very useful in the diagnosis of masses or foreign bodies. Furthermore, with
this technique, it has been possible to observe several small orifices from the nasolacrimal duct, the
pharyngeal auditory tube, and the lateral nasal gland. Computed tomography, magnetic resonance
imaging, and rhinoscopy are useful tools in analysis of the anatomical characteristics of the nasal
cavity in these species.
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1. Introduction

The nasal cavity is the first region of the respiratory tract. It begins with the nostrils,
openings for air entry, and ends with the nasal choanae [1]. The nasal conchae are several
delicate bony structures that are referred to as conchae in the rostral nasal cavity and
turbinates in the caudal nasal cavity [2]. These conchae create spaces between them, the
nasal meatuses (dorsal, middle, ventral, and common), through which inhaled and exhaled
air flows [3]. Caudoventrally, the nasal cavity communicates with the nasopharynx through
the choanae or nasopharyngeal openings [4]. The nasal cavity is divided into two halves by
the nasal septum. Caudally, this septum is osseous and fuses with the cribriform plate of the
ethmoid bone, and it becomes cartilaginous as it extends rostrally. In addition, the ventral
part of the nasal septum is supported by the vomer bone. The cartilaginous nasal septum
cannot be identified in radiographs, but it can be distinguished in computed tomography
(CT) and magnetic resonance imaging (MRI). Moreover, it should be noted that cats have
frontal sinuses, lateral maxillary recesses, and small sphenoidal sinuses [5].

The nostrils of carnivores are developed in a nasal plane, represented by the vertex of
the nose. The vertex of the nose is usually moist; however, it lacks glands [6]. Most of the
respiratory tract is covered with ciliated pseudostratified epithelium and a varying number
of goblet cells containing mainly serous glands. In the caudal part of the nasal cavity (the
olfactory region), the mucosa is specialized for olfaction and contains the olfactory nerve
endings and glands. The submucosa of the respiratory region has several vascular plexuses.
This vascularization warms the air and, by causing evaporation of the glandular secretions,
adds moisture to the inhaled air [4]. Therefore, this complex architecture composed of
conchae, turbinates, and meatuses serves to increase the surface area of the nasal passages,
thus enhancing the main functions of olfaction, filtration, humidification, and warming of
the nasal cavity [2].

The nasal cavity is the area that is most frequently affected by diseases of the upper
respiratory tract. A complete knowledge of this region is of great importance, since
pathologies in the nasal cavity of cats are common, among which neoplasms, infectious
and non-infectious inflammatory diseases, trauma, dental diseases, and nasopharyngeal
diseases predominate [2,7–9].

Since its inception, radiology has been the most widely used technique for the study
of the nasal cavity. However, this technique has several drawbacks that limit and make the
study of the nasal cavity difficult, and the main one is the overlapping of structures [9,10].
Nevertheless, CT and MRI are techniques that allow for a more reliable study of the nasal
cavity and, therefore, its associated pathologies. Both techniques are more sensitive than
radiology and more accurate in determining the extent of disease [9]. De Rycke et al. [11]
reported that all the structures of the nasal cavity can be identified by both CT and MRI
studies. The major advantages that CT can provide over MRI are the reduction in both
the time and the cost to carry out the tomographic study [11]. In fact, CT is considered
the best imaging technique for an initial evaluation of diseases of the nasal cavity [1]. In
contrast to CT studies, MRI allows for the differentiation between soft tissues and fluids
and the generation of multiple images without having to reposition the patient [5,9,11].
However, the use of CT or MRI in certain pathologies, such as neoplasms or chronic nasal
diseases, does not allow for a clear definitive diagnosis, and it is necessary to take a tissue
biopsy (performed by endoscopy) [12]. In this context, the rhinoscopy of the nasal cavity is
particularly important. This imaging technique displays the internal structures of the nasal
cavity, detects anatomical abnormalities such as fungal plaques and neoplasms, makes it
possible to take biopsies, and aids the localization and extraction of foreign bodies [3,13].
Nevertheless, prior knowledge of the normal anatomy of the nasal cavity accelerates and
simplifies an endoscopic study [14].

In addition, the leopard, the lion, and the cheetah are species that are threatened with
extinction according to the Red List of Threatened Species of the International Union for
Conservation of Nature (IUCN). Due to the declining population of these big cats, all three
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species are classified as vulnerable [15–17]. For this reason, it is important to conduct these
anatomical studies and consider the respective pathologies of these species of large cats.

In the veterinary literature, there are few reports on the use of CT, MRI, and rhinoscopy
in the study of the anatomy of the feline nasal cavity, since most of the published studies are
based on the dog as the species of interest [1–3,14,18]. Only Conchou et al., Losonsky et al.,
and Gil Cano et al. [9,10,19] studied the specific anatomy of the feline nasal cavity using CT
and MRI. However, to the best of the authors’ knowledge, there are no publications that use
rhinoscopy to study the anatomy of the feline nasal cavity. Most of the relevant published
articles only studied certain specific clinical cases using CT, MRI, or rhinoscopy [13,20–29].

To date, there is no anatomical atlas of the morphology of the nasal cavity of big cats.
Only a few studies have been published regarding the anatomy of the tiger head, brain,
tarsal, and stifle joints using MRI [30–32]. There are just a few published studies on certain
clinical cases that affect this region in large cats (nondomestic cats) [33–36]. In this context,
our study provides a comprehensive anatomical atlas of the nasal cavity of the domestic cat,
as well as of the leopard, lion, and cheetah, using CT, MRI, and rhinoscopy and highlights
the interspecific felid structural differences. Advanced knowledge of the anatomy of the
nasal cavity of these species through imaging techniques will provide veterinary clinicians
with better diagnostic skills, as well as a better understanding of the respiratory physiology
of each species, by knowing their anatomical differences.

2. Materials and Methods
2.1. Animals

A total of six felids were used in this study. Three big cat specimens, a lion (Phantera
leo leo), a leopard (Phantera pardus kotiya), and a cheetah (Acinonyx jubatus jubatus), were
obtained from the Terra Natura’s natural park (Murcia, Spain). They were euthanized for
reasons beyond our study. Before performing the necropsies, the common carotid arteries
and external jugular veins were cannulated. After the necropsies, all feline heads were
sectioned at the level of the C3-C4 intervertebral space. The heads were then fixed in an
embalming solution (10% formaldehyde (1.5 L), glycerine (3 L), methyl alcohol (12.5 L),
and phenol (1 L)) for 7 days under refrigeration. Finally, the three heads of the big cats were
used for CT, MRI, and rhinoscopic studies. In addition, a crossbreed male cat cadaver (Felis
silvestris catus), 3.8 kg and approximately 3.5 years old, euthanized for reasons not related
to this study, was obtained from the Zoonoses Service of Murcia (Murcia, Spain). The cat
head was used to obtain a sagittal section for the anatomical study (level sections) and to
compare the anatomical structures of this region with the heads of the big cats. In this cat,
the same pre-necropsy procedure was carried out as described above, but subsequently,
the vasculature was injected with colored epoxy to better visualize the arterial and venous
supply. Blue epoxy was used for the venous system and was injected via the external jugular
veins, and red epoxy was used for the arterial system and was injected via the common
carotid arteries (E20 plus BIODUR®, Biodur Products, Biodur, Heidelberg, Germany).

The CT and MRI study of the domestic cat were carried out on a pet cat with the prior
consent of its owners (they were informed about the study and signed the consent form).
It was a healthy 2-year-old male cat, weighing 3.5 kg. The rhinoscopic study was carried
out on another cat, again after obtaining the informed consent of its owners (they were
also informed about the procedure and signed the consent form). In this case, it was a
4-year-old male cat, 4 kg in weight, and without any health problems. For the CT and
MRI study of the cat, the anesthetic protocol consisted of premedication with methadone
(Semfortan® 10 mg/mL, Dechra, Northwich, UK) (0.1 mg/kg IV) and induction with
propofol (Propofol-Lipuro 1%, Braun, Kronberg, Germany) (4–6 mg/kg IV), followed by
volatile isoflurane (Forane, Abott, Chicago, IL, USA) (2–3%) in a flow of 0.8 L/min of
O2, and mechanical ventilation was used. For the rhinoscopic study, the following anes-
thetic protocol was used: premedication with medetomidine (Sedator® 1 mg/mL, Dechra)
(0.025 mg/kg IM), methadone (Semfortan® 10 mg/mL, Dechra) (0.4 mg/kg IM), and mida-
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zolam (Dormazolam® 5 mg/mL) (0.1 mg/kg IM); induction with propofol (Propofol-Lipuro
1%, Braun) (dose response IV), followed by volatile isoflurane (Forane, Abbott) (2%).

This study was supervised, and the research protocol was authorized by the Animal
Ethical Committee of Veterinary Medicine of the University of Murcia, Spain (REGA
ES300305440012 CEEA: 305/2017; extended on 25 July 2022 as project Type II).

2.2. Computed Tomography

CT was performed using a 16-row scanner (Toshiba Astelion, Toshiba Medical System,
Madrid, Spain). Big cats and feline heads were placed in a ventral recumbency, with the
mandibles parallel to the table using positional aids on the scanner. We used the following
technical parameters for all four species: kVp 120, acquisition matrix 512 × 512, spiral
pitch factor 0.625, and slice thickness 1.25 mm. A different mA was used depending on the
species, ranging from 35 to 150 mAs.

The transverse original data were stored and transferred to the CT workstation. All
images were analyzed using the DICOM viewer software (RadiAnt DICOM Viewer 2023.1;
Medixant Co., Poznan, Poland). Images were assessed using a bone algorithm (window
width, WW > 1500 UH; window level, WL: 400–500 UH).

2.3. Magnetic Resonance Imaging

MRI was acquired with a high-field (1.5 Tesla) scanner (General Electric Sigma Excite,
Schenectady, NA, USA), and a human head coil with 8 channels was used. For the timing
of data acquisition, the heads of the big cats and the domestic cat were placed in ventral
recumbency, same as in the CT examinations.

For the MRI study of the feline nasal cavity, we used the MRI parameters shown in
Table S1 (Supplementary Materials).

2.4. Rhinoscopy

A fixed rhinoscopy unit (Karl Storz®, Tuttlingen, Germany) with a camera processor
(Karl Storz® image 1 hub, camera head Karl Storz® Image 1 H3 HD, a Storz power led 175)
was used to obtain the rhinoscopic images of the nasal cavity of the big cats. A forward
telescope (0◦ enlarged view, diameter 3 mm, length 14 cm, with incorporated fiber optic
light transmission) or a forward-oblique telescope (30◦ enlarged view, diameter 2.7 mm,
length 18 cm, with incorporated fiber optic light transmission) was employed for the nose
depending on the width of the specimen’s nasal cavity.

To carry out rhinoscopy on the domestic cat, a fixed rhinoscopy unit (Karl Storz®,
Tuttlingen, Germany) with an endoscopy tower with an HD monitor (9619 NB—Karl
Storz®), a camera unit (Telecam One-Chip 20212023—Karl Storz®), a video unit (Telecam
SL II 202130 20—Karl Storz®), a 100 W xenon cold light source (XENON 100 SCB 201326
20—Karl Storz®), and a forward telescope (diameter 1.9 mm, 3 Fr working channels, 30◦

enlarged view) was used.
The rhinoscopic procedures were performed on the feline specimens following stan-

dard protocols. Each specimen was placed in ventral recumbency and facing the endo-
scopist. Initial image acquisition was of the external nose morphology, using an optic of
3 mm diameter and 0◦ vision angle. The rhinoscopic study of the four species was carried
out by introducing the rhinoscope into the left nasal orifice. Following this, the nasal
cavity was examined by introducing an optic of 2.7 mm and a 30◦ vision angle, protected
by a 3 mm sheath, visualizing first the vestibule, then turning the optic to obtain a com-
plete exposition of this part of the nasal cavity, observing the alar folds. After visualizing
the nasal vestibule, the rhinoscope was introduced directly towards the common nasal
meatus, which allowed us to observe structures such as the nasal conchae (cornetts), the
ethmoturbinates, the maxillary recess, and the lateral nasal gland.



Animals 2024, 14, 1172 5 of 27

2.5. Anatomic Evaluation

The interpretation of the CT, MRI, and rhinoscopic study of the cats was carried out
after an exhaustive consultation of various atlases of head anatomy [4,6,19,37–40]. We tried
to accurately describe the anatomical structures of the nasal cavity, while always following
the veterinary anatomical nomenclature.

3. Results
3.1. Computed Tomography and Magnetic Resonance Imaging

Eleven CT, as well as T1-weighted and T2-weighted MRI, figures of each of the feline
species were selected based on their relevance to identify important anatomical nasal
structures. The similarity of the section in the nasal cavity was prioritized for a greater
resemblance between the CT and the MRI study. This is due to slight differences, which
may appear within the same level section. The attenuation and signal intensity levels of
the structures depending on whether a CT or MRI study was performed are identified in
Table S2 (Supplementary Materials).

The anatomical level sections of the cat heads are shown in Figure 1. At the level of the
nasal plane (Figure 2(A1–D3)), the development of the entire cartilaginous structure that
forms the framework of the nose could be identified in the four studied feline species: dorsal
and ventral lateral cartilage, lateral accessory cartilage, alar fold, and its corresponding alar
groove, with an intermediate degree of attenuation and signal intensity in CT and MRI,
respectively. In this context, it is worth highlighting the greater difficulty in identifying
nasal cartilages on MRI compared to CT. On MRI, they are visualized as hyperintense
lines with respect to the nasal wings that make up the opening of the nose. In contrast, it
was observed that the conformation of the alar fold is more elongated and vertical in the
lion and the cat, who have a much narrower space in the opening of the nose, than in the
leopard and cheetah. Parallel folds were only identified in the leopard and the cheetah. The
subnasal groove was visualized in the leopard by means of CT and MRI (Figure 2(A1–A3))
and less clearly in the cat by means of MRI (Figure 2(D3)).
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Figure 2. Representative transverse CT (A1–D1), T1-weighted MR (A2–D2), and T2-weighted MR
(A3–D3) images at the level of the nasal orifices (nasal plane). Level section (A) I. Images are oriented
so that the left side of the head is to the right and the dorsal is at the top. All views are rostral.
(A1–A3): Leopard; (B1–B3): lion; (C1–C3): cheetah; and (D1–D3): cat. 1. Dorsal lateral nasal cartilage;
2. nasal wing; 3. parallel folds; 4. nasal orifice; 5. alar groove; 6. alar fold; 7. nasal septum: cartilage;
8. ventral lateral nasal cartilage; 9. lateral accessory nasal cartilage; 10. incisive bone and upper
incisive teeth; 11. tongue; 12. lower canine tooth; 13. subnasal groove.

The next plane shows the nasal vestibule (Figure 3(A1–D3)). The ventral limit of the
beginning of the nasal cavity is established at the level of the incisive bone in the four
species, with the cortical and medullary cavity being well differentiated on CT. The root
of the upper canine tooth is also identified, as well as the maxillary bone. Unlike the CT
study, MRI permitted the observation of the incisive bone with a hypointense cortical and
a hyperintense trabeculated medullary cavity due to the fat content of the bone marrow.
This view shows how, in contrast to the other three species, the maxillary bone of the
cheetah already begins to project dorsally as the scan sequence progresses. The incisive
bone forms the hard palate at the level of the nasal vestibule. At this section level, we
can more easily observe the structures making up the nasal cartilages of the four species,
observing hyperintense lines on MRI with respect to the surrounding tissue. The straight
fold in the four species at this level is still poorly developed. However, the alar fold is
very evident in this section, being much more curved in the cheetah than in the three other
felids, in which it develops more vertically. The basal fold is much more developed in
the domestic cat than in the other species. On the other hand, in the domestic cat, it can
be observed that, proportionally, the nasal wing and the alar fold have a greater depth,
since at the same level of the nasal vestibule, these two structures can be identified only in
domestic cats (Figure 3(D2,D3)). The nasal cavernous plexuses already begin to become
evident in the middle of the nasal septum, being less noticeable at this level in the lion than
in the rest of the species studied.
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among the species of big cats, having a single start from the conchal crest of the maxillary 
bone while, at this level, a double start was identified in the domestic cat. These conchae 
create spaces in the nasal cavity: the dorsal, middle, ventral, and common meatuses, which 
are observed to be hypoattenuated in CT and hypointense in MRI. In the MRI study, they 
are not fully labelled to allow for better visualization of the rest of the structures. These 
spaces are described in all four species, but it is in the lion that they reach the greatest 
amplitude. At this level, the vomeronasal organ is very well identified; a hypoattenuated 
duct can be seen in the four species that we studied on CT, while on MRI, it appears 

Figure 3. Representative transverse CT (A1–D1), T1-weighted MR (A2–D2), and T2-weighted MR
(A3–D3) images at the level of the nasal vestibule. Level section (A) II. Transverse images are oriented
so that the left side of the head is to the right, and the dorsal is at the top. All views are rostral.
(A1–A3): Leopard; (B1–B3): lion; (C1–C3): cheetah; and (D1–D3): cat. 1. Dorsal lateral nasal cartilage;
2. straight fold; 3. nasal vestibule; 4. lateral accessory nasal cartilage; 5. nasal septum: cartilage;
6. alar fold; 7. nasal wing; 8. nasal cavernous plexuses; 9. basal fold; 10. maxillary bone; 11. incisive
bone; 12. upper lip; 13. hard palate; 14. root of the upper canine tooth; 15. tongue.

The next section delves into the respiratory portion of the nasal cavity, since the nasal
conchae are already beginning to be observed with intermediate attenuation and signal
intensity in CT and MRI, respectively (Figure 4(A1–D3)). The bones that make up the floor,
side walls, and roof of the nasal cavity are the incisive and vomer, maxillary, and nasal
bones, respectively. At this section level, the maxillary bone can already be seen vertically,
limiting the nasal cavity laterally and with the nasal bone marking its dorsal border. In
the leopard and the lion, the most dorsal part is not visible, since the closure of the nasal
bones extends more caudally in these two species. On MRI, both this dorsal limit and the
junction between the maxillary bone and the nasal bone are difficult to differentiate, since
both are hypointense. Within the nasal cavity, we can see the turbinates or conchae, the
vomeronasal organ, and the nasal cavernous plexuses. The dorsal nasal concha of the big
cats is identified as flat with only minimal extension into the nasal cavity. In the domestic
cat, its development is proportionally much greater. The ventral nasal concha, with a dorsal
and a ventral coil, is much more developed than the dorsal nasal concha, and it is slightly
ossified at this level in all four species. This concha presents a similar morphology among
the species of big cats, having a single start from the conchal crest of the maxillary bone
while, at this level, a double start was identified in the domestic cat. These conchae create
spaces in the nasal cavity: the dorsal, middle, ventral, and common meatuses, which are
observed to be hypoattenuated in CT and hypointense in MRI. In the MRI study, they
are not fully labelled to allow for better visualization of the rest of the structures. These
spaces are described in all four species, but it is in the lion that they reach the greatest
amplitude. At this level, the vomeronasal organ is very well identified; a hypoattenuated
duct can be seen in the four species that we studied on CT, while on MRI, it appears
slightly hypointense on T1-weighted and barely distinguishable on T2-weighted images.
The vomer bone is located medially and has a groove for the support of the cartilage of the
nasal septum. On CT, it is very well visualized in a hyperattenuated manner; however, on
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MRI, a small external hypointense cortical line is displayed, and internally, a hyperintense
area, with much greater signal intensity, is seen in the T2-weighted images. It is attached to
the maxillary bone and is clearly identified on CT, but on T1 and T2-weighted MRI, this
bone is hypointense and is viewed with difficulty. The morphology of this bone is a “Y”
shape in the leopard and the lion and more vertical in cats, with a double Y shape and
being centrally fused with a stool shape in cheetah. The nasal cavernous plexuses at this
section level are well distinguished dorsally and laterally to the vomer bone and are less
developed on the lateral walls of the nasal cavity.
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body of the maxillary bone laterally and dorsally, together with the nasal bone. It can be 
observed that the nasal bone is already closed dorsally in the leopard, while in the lion, it 
is not yet completely closed at this level. Within the nasal cavity, we can identify the dorsal 
nasal concha, the ventral nasal concha, and the third endoturbinate, as well as the nasal 
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Figure 4. Representative transverse CT (A1–D1), T1-weighted MR (A2–D2), and T2-weighted MR
(A3–D3) images at the level of the rostral portion of the respiratory part. Level section (A) III.
Transverse images are oriented so that the left side of the head is to the right and the dorsal is at
the top. All views are rostral. (A1–A3): Leopard; (B1–B3): lion; (C1–C3): cheetah; and (D1–D3): cat.
1. Nasal bone; 1a. nasal bone: nasal symphysis (arrow); 2. dorsal nasal meatus; 3. dorsal nasal concha:
straight fold; 4. middle nasal meatus; 5. nasal septum: cartilage; 6. maxillary bone; 7. ventral nasal
concha; 8. common nasal meatus; 9. nasal cavernous plexuses; 10. ventral nasal meatus; 11. root
of the upper canine tooth; 12. vomer bone; 13. vomeronasal organ; 14. conchal crest of the maxilla;
15. hard palate; 16. tongue; 17. upper lip; 18. lower lip; 19. dorsal lateral nasal cartilage.

In the next section of the nasal cavity (Figure 5(A1–D3)), the conchae begin to appear
slightly hyperattenuated on CT. The bones that make up the limits of the nasal cavity at
this level are the palatine processes of the maxilla and the vomer bone at the base, the
body of the maxillary bone laterally and dorsally, together with the nasal bone. It can be
observed that the nasal bone is already closed dorsally in the leopard, while in the lion,
it is not yet completely closed at this level. Within the nasal cavity, we can identify the
dorsal nasal concha, the ventral nasal concha, and the third endoturbinate, as well as the
nasal cavernous plexuses and the vomeronasal organ. At this level in CT, it is observed
that the dorsal nasal concha is hyperattenuated in the leopard and the cheetah and slightly
in the cat, but in the lion, the tissue continues to show an intermediate attenuation. With
MRI, it is more difficult to identify this ossification, but a more hyperintense signal can be
observed in the more cranial sections. This bony attachment of the dorsal nasal concha to
the lateral wall of the nasal cavity is represented by the ethmoidal crest of the nasal bone.
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At this level, in addition, the maxillary recess begins to be observable in the four species.
The nasal cavernous plexuses continue to be identified in all four species, which is also
evident in the ventrolateral wall, with less development in the lion and the cheetah. The
third endoturbinate also begins to appear at this section level between the dorsal and the
ventral nasal concha in the leopard, the cheetah, and the cat, but not yet in the lion. The
vomeronasal organ in the leopard is a large-caliber duct, unlike in the cheetah and the
domestic cat. It is topographically next to the long central stem of the vomer bone, which is
concave and supports the base of the cartilage of the nasal septum, while in the lion, the
concavity of the groove is formed without a bone stem from the maxillary bone.
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frontal sinus in the cheetah, since at this level in this species, the nasal bone is no longer 
sectioned. In the nasal cavity, it is worth highlighting the presence of the infraorbital canal. 
It can be identified both on CT and MRI in a rounded area that is hypoattenuated and 
hypointense, respectively, with respect to the maxillary bone. In this section, the third en-
dorturbinate is observed, entering and intertwining between the dorsal and ventral nasal 
concha. It is evident again in these images that the nasal conchae and endoturbinates in 
the lion are much thinner than in the other three species, resulting in much wider 

Figure 5. Representative transverse CT (A1–D1), T1-weighted MR (A2–D2), and T2-weighted MR
(A3–D3) images at the level of the dorsal and ventral nasal conchae (rostral part). Level section
(A) IV. Transverse images are oriented so that the left side of the head is to the right and the dorsal
is at the top. All views are rostral. (A1–A3): Leopard; (B1–B3): lion; (C1–C3): cheetah; and (D1–
D3): cat. 1. Nasal bone; 1a. nasal bone: nasal symphysis (arrow); 1b. nasal bone: ethmoidal crest
(arrow); 2. dorsal nasal meatus; 3. dorsal nasal concha; 4. middle nasal meatus; 5. nasal septum:
cartilage; 6. 3rd endoturbinate; 7. maxillary bone: body; 8. maxillary recess; 9. common nasal meatus;
10. ventral nasal concha; 11. nasal cavernous plexuses; 12. root of the upper canine tooth; 13. ventral
nasal meatus; 14. vomer bone; 15. maxillary bone: palatine process; 16. vomeronasal organ; 17. hard
palate; 18. tongue; 19. upper lip.

The next level is represented in Figure 6(A1–D3). Figure 6(C1) shows the section where
the external plate of the frontal bone ventrally relates to the ethmoid bone and frontal sinus
in the cheetah, since at this level in this species, the nasal bone is no longer sectioned. In
the nasal cavity, it is worth highlighting the presence of the infraorbital canal. It can be
identified both on CT and MRI in a rounded area that is hypoattenuated and hypointense,
respectively, with respect to the maxillary bone. In this section, the third endorturbinate
is observed, entering and intertwining between the dorsal and ventral nasal concha. It is
evident again in these images that the nasal conchae and endoturbinates in the lion are
much thinner than in the other three species, resulting in much wider meatuses. In this
section, we can, again, see how the ventral nasal concha in the domestic cat has two bony
starts from the maxilla, unlike the big cat species, which only have one.
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cat in a more rostral view (Figure 6(D2,D3)). In the lion, the frontal sinus develops much 
further caudally than in the other species. In addition, only in felids does the frontal sinus 
present a lateroventral opening towards the nasal cavity. Moreover, the bones of the roof 
(nasal and frontal bones) have a much greater thickness in lions than in the other species. 
The vomer bone in this plane already appears in its full extension: in large cats, it is com-
posed of two long vertical arms and a short trunk, while in the domestic cat, it develops 
with a much longer trunk and shorter arms. In the nasal cavity, we observed the dorsal, 
middle, and ventral nasal conchae; the third endoturbinate; the vomeronasal organ; the 
cavernous plexuses; and the infraorbital canal. The vomeronasal organ was observed with 
a wide duct in the cheetah and a small duct in the leopard, and a duct was not observed 
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Figure 6. Representative transverse CT (A1–D1), T1-weighted MR (A2–D2), and T2-weighted MR
(A3–D3) images at the level of the dorsal and ventral nasal conchae (middle part) and maxillary
recess. Level section (A) V. Images are oriented so that the left side of the head is to the right and
the dorsal is at the top. All views are rostral. (A1–A3): Leopard; (B1–B3): lion; (C1–C3): cheetah;
and (D1–D3): cat. 1. Nasal bone; 2. nasal bone: ethmoidal crest (arrow); 3. dorsal nasal meatus;
4. ethmoid bone: tectorial plate; 5. dorsal nasal concha; 6. middle nasal meatus; 7. nasal septum:
cartilage; 8. 3rd endoturbinate; 9. common nasal meatus; 10. maxillary bone: body; 11. maxillary
recess; 12. ventral nasal concha; 13. nasal cavernous plexuses; 14. ventral nasal meatus; 15. vomer
bone; 16. maxillary bone: palatine process; 17. infraorbital canal; 18. vomeronasal organ; 19. tongue;
20. upper lip.

A more caudal section of the nasal cavity is depicted in Figure 7(A1–D3). The bony
framework that supports the nasal cavity at this level is composed dorsally of the nasal
bone (only in the lion, as it extends more caudally), the external lamina of the frontal bone
(squama), the maxillary bone (palatine process), and the vomer. In addition, the zygomatic
bone is observed in the lion and in the domestic cat. At this level, the tectorial plate of the
ethmoid bone can already be seen in the leopard and cheetah, although it is not yet visible
in the lion, delimiting the frontal sinus ventrally, which also occurs in the domestic cat in a
more rostral view (Figure 6(D2,D3)). In the lion, the frontal sinus develops much further
caudally than in the other species. In addition, only in felids does the frontal sinus present
a lateroventral opening towards the nasal cavity. Moreover, the bones of the roof (nasal
and frontal bones) have a much greater thickness in lions than in the other species. The
vomer bone in this plane already appears in its full extension: in large cats, it is composed
of two long vertical arms and a short trunk, while in the domestic cat, it develops with a
much longer trunk and shorter arms. In the nasal cavity, we observed the dorsal, middle,
and ventral nasal conchae; the third endoturbinate; the vomeronasal organ; the cavernous
plexuses; and the infraorbital canal. The vomeronasal organ was observed with a wide
duct in the cheetah and a small duct in the leopard, and a duct was not observed in the lion
or the cat. In this cross-section, the middle nasal concha is identified for the first time but is
camouflaged by the extensive development of the third endoturbinate at this level. The
ventral nasal concha shows ventral coiling and is dorsally flattened in the leopard. In the
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lion, the dorsal and ventral conchae are large but narrow, and in cheetahs and cats, they
are smaller.
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palatine bone; ventrally to the frontal sinus by the tectorial plate of the ethmoid bone; and 
medially by the cartilage of the nasal septum. This section also highlights the significant 
thickness of the frontal bone in lions, which is unlike the other feline species. It is observed 
to be hyperattenuated on CT, while on MRI, it is observed with a hypointense cortical with 
a hyperintense medullary cavity. Furthermore, at this level, the frontal sinus does not yet 
appear in the lion, while in the rest of the species, the bony septum of the frontal sinus can 
already be seen, and inside the nasal cavity, the first, second, and third ectoturbinates are 
already identifiable. The nasal septum is already ossified at this level, since it appears to 
be hyperattenuated on CT and hyperintense on MRI, although only very slightly in the 
lion. The bony component of the hard palate at this section is provided by the palatine 
bone. Within the nasal cavity at this level, we highlight the three ectoturbinates, the dorsal, 
middle, and ventral nasal conchae, the third endoturbinate, the vomeronasal organ, the 
nasal cavernous plexuses, and the lateral nasal gland. The ventral nasal concha is already 

Figure 7. Representative transverse CT (A1–D1), T1-weighted MR (A2–D2), and T2-weighted MR
(A3–D3) images at the level of the dorsal and ventral nasal conchae (caudal part). Level section
(A) VI. Transverse images are oriented so that the left side of the head is to the right and the dorsal is
at the top. All views are rostral. (A1–A3): Leopard; (B1–B3): lion; (C1–C3): cheetah; and (D1–D3):
cat. 1. Nasal bone; 2. frontal bone: squama (external plate); 3. frontal sinus; 4. ethmoid bone:
tectorial plate; 5. dorsal nasal meatus; 6. frontal sinus: opening; 7. maxillary bone: body; 8. common
nasal meatus; 9. nasal septum: cartilage; 10. dorsal nasal concha; 11. middle nasal concha; 12. 3rd
endoturbinate; 13. middle nasal meatus; 14. conchal crest of maxillary bone; 15. nasal cavernous
plexuses; 16. ventral nasal concha; 17. maxillary recess; 18. ventral nasal meatus; 19. vomer bone;
20. maxillary bone: palatine process; 21. hard palate; 22. vomeronasal organ; 23. infraorbital canal;
24. tongue.

The next section level is shown in Figure 8(A1–D3), which allow the zygomatic bone
to be identified in all species. The bony structures that make up the nasal cavity at this
level is established dorsolaterally by the external and orbital surface of the frontal bone, the
lacrimal bone, and the zygomatic bone; ventrally by the vomer bone, as well as the palatine
bone; ventrally to the frontal sinus by the tectorial plate of the ethmoid bone; and medially
by the cartilage of the nasal septum. This section also highlights the significant thickness
of the frontal bone in lions, which is unlike the other feline species. It is observed to be
hyperattenuated on CT, while on MRI, it is observed with a hypointense cortical with a
hyperintense medullary cavity. Furthermore, at this level, the frontal sinus does not yet
appear in the lion, while in the rest of the species, the bony septum of the frontal sinus can
already be seen, and inside the nasal cavity, the first, second, and third ectoturbinates are
already identifiable. The nasal septum is already ossified at this level, since it appears to be
hyperattenuated on CT and hyperintense on MRI, although only very slightly in the lion. The
bony component of the hard palate at this section is provided by the palatine bone. Within
the nasal cavity at this level, we highlight the three ectoturbinates, the dorsal, middle, and
ventral nasal conchae, the third endoturbinate, the vomeronasal organ, the nasal cavernous
plexuses, and the lateral nasal gland. The ventral nasal concha is already identified as very



Animals 2024, 14, 1172 12 of 27

small at this level. However, the third endoturbinate reaches its greatest development in this
view. The tectorial plate, which occurred in a more rostral view in the cat, also joins more
ventrally in the leopard and cheetah to leave the necessary space for the development of the
ectoturbinates. From the dorsal to the ventral, the first ectoturbinate develops more laterally,
the second more medially, and the third again more laterally. Also notable at this section is
the identification of the lateral nasal gland in the four species in the maxillary recess, with an
intermediate attenuation in CT and an intermediate signal intensity in MRI.
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by the external plate of the frontal bone; laterally by the orbital surface of the ethmoid 
bone and the wing of the presphenoid bone; and ventrally by the basal plate of the eth-
moid bone, the vomer, and the palatine bone. In addition, ventral to the frontal sinus, the 
tectorial plate of the ethmoid bone was observed, as was, medially, the bony nasal septum. 
Ventrally to the nasal cavity, the choanae were observed. The vomer bone ends at this 
level, and it differs among the species. In the leopard and the lion, the vomer has an oval 
morphology, while in the cheetah, it is arrow-shaped, and in the domestic cat, it is smaller 
and rounded. The nasal septum, at this section level, can already be observed as ossified 
in the four species, hyperattenuated in CT, and in MRI, it has a higher signal intensity than 
in the more rostral sections. The nasal cavity of this section is made up of three 

Figure 8. Representative transverse CT (A1–D1), T1-weighted MR (A2–D2), and T2-weighted MR
(A3–D3) images at the level of the ethmoid labyrinth and lateral nasal gland. Level section (A) VII.
Transverse images are oriented so that the left side of the head is to the right and the dorsal is at
the top. All views are rostral. (A1–A3): Leopard; (B1–B3): lion; (C1–C3): cheetah; and (D1–D3): cat.
1. Frontal sinus: septum; 2. frontal bone: squama (external plate); 3. frontal sinus; 4. dorsal nasal
meatus; 5. ethmoid bone: tectorial plate; 6. 2nd ectoturbinate; 7. 3rd ectoturbinate; 8. dorsal nasal
concha; 9. nasal septum: cartilage/ethmoid bone (perpendicular plate); 10. frontal bone: orbital
surface; 11. lacrimal bone: orbital surface; 12. common nasal meatus; 13. middle nasal concha; 14. 3rd
endoturbinate; 15. maxillary recess; 16. lateral nasal gland; 17. middle nasal meatus; 18. ventral nasal
concha; 19. vomer bone; 20. ventral nasal meatus; 21. zygomatic bone; 22. palatine bone; 23. nasal
cavernous plexuses; 24. hard palate; 25. tongue.

The last transverse plane of the nasal cavity from this CT and MRI study is presented
in Figure 9(A1–D3). The bony part of the nasal cavity at this level is represented dorsally
by the external plate of the frontal bone; laterally by the orbital surface of the ethmoid bone
and the wing of the presphenoid bone; and ventrally by the basal plate of the ethmoid bone,
the vomer, and the palatine bone. In addition, ventral to the frontal sinus, the tectorial plate
of the ethmoid bone was observed, as was, medially, the bony nasal septum. Ventrally to
the nasal cavity, the choanae were observed. The vomer bone ends at this level, and it differs
among the species. In the leopard and the lion, the vomer has an oval morphology, while
in the cheetah, it is arrow-shaped, and in the domestic cat, it is smaller and rounded. The
nasal septum, at this section level, can already be observed as ossified in the four species,
hyperattenuated in CT, and in MRI, it has a higher signal intensity than in the more rostral
sections. The nasal cavity of this section is made up of three ectoturbinates, the dorsal and
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middle nasal concha, and the third and fourth endoturbinates. The choanae were observed
in all four felids and were delimited dorsally by the basal plate of the ethmoid bone and
ventrally by the perpendicular and horizontal plate of the palatine bone. In this last plane,
the frontal sinus was seen in the lion, along with the development of the three ectoturbinates,
which at this level appeared to be larger in all four species. Furthermore, at this level, we can
already identify the fourth endoturbinate in the most ventral part of the nasal cavity.
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Figure 9. Representative transverse CT (A1–D1), T1-weighted MR (A2–D2), and T2-weighted MR
(A3–D3) images at the level of the frontal sinuses and choana. Level section (A) VIII. Transverse
images are oriented so that the left side of the head is to the right and the dorsal is at the top. All views
are rostral. (A1–A3): Leopard; (B1–B3): lion; (C1–C3): cheetah; and (D1–D3): cat. 1. Frontal bone:
squama (external plate); 2. frontal bone: orbital surface; 3. frontal sinus; 4. frontal sinus: septum;
5. 1st ectoturbinate. 6. 2nd ectoturbinate; 7. 3rd ectoturbinate; 8. dorsal nasal concha; 9. middle nasal
concha; 10. nasal septum: ethmoid bone (perpendicular plate); 11. ethmoid bone: orbital surface;
12. 3rd endoturbinate; 13. presphenoid bone: wing; 14. 4th endoturbinate; 15. ethmoid bone: basal
plate; 16. vomer bone; 17. choana; 18. palatine bone: horizontal and perpendicular plate.

Figure 10(A1–D3) represents a sagittal plane of the nasal cavity using CT and MRI.
A parasagittal plane was selected to better identify the ethmoidal labyrinth. The entire
skull and nasal cavity can be clearly seen. Thus, dorsally and from the rostral to the caudal,
we can identify the nasal bone and the external plate of the frontal bone, with the frontal
sinus caudally limiting the internal plate of the frontal bone and the tectorial plate of the
ethmoid bone. At the caudal limit of the nasal cavity, we can see the cribriform plate of the
ethmoid bone and the presphenoid bone with its sinus, and ventral to this, we can see the
palatine and the vomer bones and the palatine processes of the maxillary and incisive bones.
The rostral limit of the nasal cavity is determined ventrally by the body of the incisive
bone, laterally by the nasal processes of the incisive bone, dorsally by the rostral end of
the nasal bones, and medially by the cartilage of the nasal septum. The bones appeared
to be hyperattenuated on CT, while on MRI, the thin hypointense cortex surrounding the
hyperintense medullary bone was visualized throughout all the bones. Within the frontal
sinus, the first, second, and third ectoturbinates were observed. In the nasal cavity, we can
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identify the straight, alar, and basal folds; the dorsal, middle, and ventral nasal conchae;
the three ectoturbinates; the third and the fourth endoturbinate; the olfactory bulb; and
the nasopharynx. In this view, we can see the beginnings and the course of the dorsal,
middle, and ventral nasal conchae, with the latter remaining at more rostral levels and
being caudally overlapped by the third endoturbinate, which is greatly expanded in all
four species. The nasal conchae were hyperattenuated and slightly hyperintensified at
the caudal level due to their bony base. It was also possible to identify more caudally the
sphenoid sinus from which the fourth endoturbinate projects. In this plane, the beginning
and the entire extension of the nasopharynx were also very well visualized, being observed
to be hypoattenuated on CT and hypointense on MRI throughout its entire length. On the
other hand, in this section, the straight, alar, and basal folds were clearly identified from
dorsal to ventral, observed with attenuation and intermediate intensity.
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The horizontal or coronal view of the nasal cavity by CT and MRI is represented in 
Figure 11(A1–D3) and Figure 12(A1–D3). The first dorsal section (I) (Figure 11(A1–D3)) of 
the nasal cavity was delimited rostrally by the incisive bone, laterally by the maxillary 
bone, also partially involving the zygomatic and lacrimal bones, as well as the orbital sur-
face of the frontal bone and its zygomatic process, and caudally by the cribriform plate of 
the ethmoid bone. The nasal septum can be seen as it begins rostrally, appearing as soft 
tissue due to its cartilaginous nature, and finally ends up ossifying more caudally. In the 
nasal cavity, we can highlight the alar fold, the ventral nasal concha, and the third endo-
turbinate. The alar fold can be observed in all four species, as it is part of the ventral nasal 
concha. The third endoturbinate embraces the ventral nasal concha and is well developed, 

Figure 10. Representative parasagittal multiplanar reconstruction (MPR) CT (A1–D1), T1-weighted
MR (A2–D2), and T2-weighted MR (A3–D3) images cutting off the nasal conchae, frontal, and
sphenoidal sinuses. Level section (B) I. Parasagittal images are oriented so that the rostral part
is to the left and the dorsal is at the top. All views are left lateral. (A1–A3): Leopard; (B1–B3):
lion; (C1–C3): cheetah; and (D1–D3): cat. 1. Nasal bone; 2. dorsal nasal concha; 3. 1st, 2nd, and
3rd ectoturbinates; 4. frontal bone: 4a frontal bone: external plate; 4b. frontal bone: internal plate;
5. ethmoid bone: tectorial plate; 6. frontal sinus; 7. parietal bone; 8. occipital bone: squama; 9. occipital
bone: basilar part; 10. basisphenoid bone; 11. ethmoid bone: cribiform plate; 12. middle nasal concha;
13. sphenoidal sinus; 14. presphenoid bone; 15. choana; 16. 4th endoturbinate; 17. 3rd endoturbinate;
18. incisive and maxillary bones: palatine process; 19. ventral nasal concha; 20; basal fold; 21. alar
fold; 22. straight fold.

The horizontal or coronal view of the nasal cavity by CT and MRI is represented in
Figure 11(A1–D3) and Figure 12(A1–D3). The first dorsal section (I) (Figure 11(A1–D3)) of
the nasal cavity was delimited rostrally by the incisive bone, laterally by the maxillary bone,
also partially involving the zygomatic and lacrimal bones, as well as the orbital surface
of the frontal bone and its zygomatic process, and caudally by the cribriform plate of the
ethmoid bone. The nasal septum can be seen as it begins rostrally, appearing as soft tissue
due to its cartilaginous nature, and finally ends up ossifying more caudally. In the nasal
cavity, we can highlight the alar fold, the ventral nasal concha, and the third endoturbinate.
The alar fold can be observed in all four species, as it is part of the ventral nasal concha. The
third endoturbinate embraces the ventral nasal concha and is well developed, occupying a
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large part of the nasal cavity. It was fixed caudally to the cribriform plate of the ethmoid
bone. The frontal sinus was only identified in this plane on CT in the domestic cat and on
MRI in the lion due to the slight inclination of some sections. The frontal sinus of the lion
was divided by the bony septum of the frontal sinus.
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zygomatic process of the temporal bone, although the latter is observed only in the leop-
ard and the cheetah in the study by CT. The maxillary bone was left without rostral con-
tinuation in leopard, lion, and cat while in the cheetah, it continued with the incisive bone 
rostrally. In the nasal cavity, the alar fold, the ventral nasal concha, the third and the fourth 
endoturbinates, the nasal cavernous plexuses, and the lateral nasal gland were observed. 
The alar fold was still identified at this level, but in the lion, the basal fold was also visible. 
The lateral nasal gland was visible in this section in all four species in an area of soft tissue 
close to the lacrimal bone, which was identified as hypoattenuated on CT and hypointense 
on MRI with respect to the bone. On the other hand, the sphenoid sinus can be identified 

Figure 11. Representative dorsal multiplanar reconstruction (MPR) CT (A1–D1), T1-weighted MR
(A2–D2), and T2-weighted MR (A3–D3) images at the level of the ventral nasal concha and per-
pendicular plate of the ethmoid bone. Level section (C) I. Dorsal images are oriented so that the
rostral part is to the top. All views are dorsal. (A1–A3): Leopard; (B1–B3): lion; (C1–C3): cheetah;
and (D1–D3): cat. 1. Incisive bone; 2. ventral lateral nasal cartilage; 3. alar fold; 4. maxillary bone;
5. common nasal meatus; 6. ventral nasal concha; 7. nasal septum: cartilage; 8. zygomatic bone:
frontal process; 9. 3rd endoturbinate; 10. 4th endoturbinate; 11. frontal bone: orbital surface; 12.
zygomatic bone; 13. mandible: ramus; 14. presphenoid bone: wing; 15. ethmoid bone: perpendicular
plate; 16. ethmoid bone: cribriform plate; 17. frontal sinus; 18. temporal bone: squamous part; 19.
occipital bone: squama.

Figure 12(A1–D3) represents a ventral horizontal view of the nasal cavity that sec-
tions the entire zygomatic arch, the temporal process of the zygomatic bone, as well as
the zygomatic process of the temporal bone, although the latter is observed only in the
leopard and the cheetah in the study by CT. The maxillary bone was left without rostral
continuation in leopard, lion, and cat while in the cheetah, it continued with the incisive
bone rostrally. In the nasal cavity, the alar fold, the ventral nasal concha, the third and
the fourth endoturbinates, the nasal cavernous plexuses, and the lateral nasal gland were
observed. The alar fold was still identified at this level, but in the lion, the basal fold was
also visible. The lateral nasal gland was visible in this section in all four species in an area
of soft tissue close to the lacrimal bone, which was identified as hypoattenuated on CT and
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hypointense on MRI with respect to the bone. On the other hand, the sphenoid sinus can
be identified in the leopard and the cheetah, although it does not appear in the lion or the
cat. Furthermore, at this level and caudal to the fourth endoturbinate, we can identify the
sphenoid sinus with a thin septum that was hyperattenuated on CT and hyperintense on
MRI in the leopard, cheetah, and cat, but it was not evident in the lion on both CT and MRI,
nor in the cat on CT. Finally, unlike the other species, the nasal cavernous plexuses were
highly developed in the cat and a little in the lion, and they were located in the most rostral
part of the nasal septum.
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Figure 12. Representative dorsal multiplanar reconstruction (MPR) CT (A1–D1), T1-weighted MR
(A2–D2), and T2-weighted MR (A3–D3) images at the level of the 3rd and 4th endoturbinates. Level
section (C) II. Dorsal images are oriented so that the rostral part is to the top. All views are dorsal.
(A1–A3): Leopard; (B1–B3): lion; (C1–C3): cheetah; and (D1–D3): cat. 1. Incisive bone; 2. nasal
cavernous plexuses; 3. alar fold; 4. common nasal meatus; 5. maxillary bone; 6. ventral nasal
concha; 7. nasal septum: cartilage; 8. zygomatic bone; 9. 3rd endoturbinate; 10. 4th endoturbinate;
11. lacrimal bone; 12. lateral nasal gland; 13. presphenoid bone: wing; 14. basisphenoid bone: wing;
15. sphenoidal sinus; 16. zygomatic bone: temporal process; 17. mandible: ramus; 18. ethmoid
bone: perpendicular plate; 19. temporal bone: zygomatic process; 20. temporal bone: squamous part;
21. occipital bone: squama.
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3.2. Rhinoscopy

The rhinoscopic study of the nasal cavity is seen in Figures 13–18. Figure 13 shows the
nasal plane (the external nose) of the four felids. The vertex of the nose of the leopard and
lion resemble each other in morphology, exhibiting an inverted triangle shape. However,
in the cheetah, this shape is much more rectangular, and in cats, it is more elongated.
The subnasal groove can be observed in the four species ventrally to the external nose.
The alar fold was observed in all four species, and in the leopard and the lion, it extends
lateromedially to the middle of the external nose, while in the cheetah, it runs almost the
entire extent of the external nose; in cats, however, it ends more dorsally. The development
of this fold also surrounds and shapes the nostrils. In the cheetah, this nasal orifice is larger
than in the rest of the felids that we studied due to the conformation of its alar fold.
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(A1–D1), the path of the alar fold was observed in all four species, forming the wing of the 
nose and ventrally forming the alar groove, which develops deeper in the leopard and the 
lion. As previously mentioned, the width of the nostril depends on the morphology of the 
alar fold, exhibiting a greater width in the cheetah. Figure 14(A2–D2) show the nasal ves-
tibule in more detail. We can see the mucosa of the nasal vestibule and the mucosa of the 
nasal cavity, as well as the mucocutaneous junction between them. This transition is much 
more gradual in domestic cats than in big cats. The orifice of the nasolacrimal duct was 
identified close to this junction, on the floor of the vestibule. It was observed that this 
orifice is larger in cheetah than in the other species. Lateral to this opening, the end of the 
basal fold is seen. 

Figure 13. Endoscopic images of the nasal cavity at the level of the nasal orifices. The level of this
endoscopic study is shown above in the sagittal anatomical section. Images are observed so that the
right side of the head is to the left of the image. (A): Leopard; (B): lion; (C): cheetah; and (D): cat.
1. Tip of the nose; 2. subnasal groove; 3. nasal orifice; 4. alar fold.

Figure 14 shows the nasal vestibule, the most rostral part of the nasal cavity. In this
and subsequent planes, the rhinoscope was introduced into the left nostril. In Figure 14
(A1–D1), the path of the alar fold was observed in all four species, forming the wing of
the nose and ventrally forming the alar groove, which develops deeper in the leopard and
the lion. As previously mentioned, the width of the nostril depends on the morphology of
the alar fold, exhibiting a greater width in the cheetah. Figure 14(A2–D2) show the nasal
vestibule in more detail. We can see the mucosa of the nasal vestibule and the mucosa of
the nasal cavity, as well as the mucocutaneous junction between them. This transition is
much more gradual in domestic cats than in big cats. The orifice of the nasolacrimal duct
was identified close to this junction, on the floor of the vestibule. It was observed that this
orifice is larger in cheetah than in the other species. Lateral to this opening, the end of the
basal fold is seen.
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Figure 15 delves into the respiratory portion of the nasal cavity. Three views were ob-
served in the four species, from dorsal to ventral. In the most dorsal view (Figure 15(A1–D1)),
the development of the dorsal nasal concha can be seen, starting from the lateral side of
the nasal cavity. Ventral to it, the ventral nasal concha was observed, but between the
two conchae, the third endoturbinate was also seen. The meatuses can also be observed
between the conchae. The dorsal nasal meatus was visualized between the roof of the nasal
cavity and the dorsal nasal concha. The middle nasal meatus was located between the
dorsal nasal concha and the ventral nasal concha, while the ventral nasal meatus appeared
between the ventral nasal concha and the floor of the nasal cavity. Finally, the common
nasal meatus was identified between the medial surface of the nasal conchae and the nasal
septum. These meatuses were described as narrower in the domestic cat than in the rest of
the studied felids. Furthermore, it is worth highlighting how in the cheetah and the lion,
the third endoturbinate presents a more sinuous, narrow, and flattened morphology than
in the other species. In a more ventral view, the development of the maxillary recess was
observed, located laterally to the ventral nasal concha (Figure 15(A1–D1)).

Figure 16A–C represent a more caudal view at the level of the ethmoidal labyrinth.
Only views of the lion, cheetah, and cat are included, as due to the rigidity of the fixed
structures of the nasal cavity of the leopard, access by rhinoscopy for a more caudal study
of the nasal cavity is presented. In this section, the third and fourth endoturbinates were
identified, as well as the opening of the sphenoid sinus, which is close to the floor of the
nasal cavity. In the cat, the nasopharyngeal or choanal opening can also be identified
ventrally, and in the cheetah, the pharyngeal orifice of the auditory tube can be identified
on the lateral wall of the nasal cavity, ventral to the third and fourth endoturbinates.
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Figure 15. Endoscopic images of the nasal cavity at the level of the dorsal and ventral nasal conchae.
The levels of this endoscopic study are shown on the left in the sagittal anatomical sections. Images
are observed so that the right side of the head is to the left of the image. (A1–A3): Leopard; (B1–B3):
lion; (C1–C3): cheetah; and (D1–D3): cat. 1. Dorsal nasal concha; 2. ventral nasal concha; 3. 3th
endoturbinate; 4. nasal septum; 5. nasal cavity: roof; 6. dorsal nasal meatus: 7. middle nasal meatus;
8. common nasal meatus; 9. nasal cavity: lateral wall; 10. maxillary recess; 11. ventral nasal meatus;
12. nasal cavity: floor; 13. straight fold; 14. alar fold; 15. basal fold; 16. dorsal part of maxillary recess;
17. ventral part of maxillary recess; 18. beginning of ventral nasal concha in the conchal crest of the
maxillary bone.

The pharyngeal orifice of the auditory tube can be identified in more detail in
Figure 17C, located on the lateral wall. The leopard is the only species where the ori-
fice of the lateral nasal gland was identified, being located close to the straight fold and,
more specifically, in the oblique fold (Figure 17A).

Below, Figure 18A–C detail the nasopharyngeal or choanal opening in the lion, cheetah,
and cat on the floor of the nasal cavity, showing the soft palate at this level. In this view,
we can also see the pharyngeal opening of the auditory tube on the lateral wall of the
nasal cavity.
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Figure 16. Endoscopic images of the nasal cavity at the level of the ethmoidal labyrinth. The level
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Figure 17. Endoscopic images of the nasal cavity showing the aperture of the lateral nasal gland duct,
frontal opening, and pharyngeal orifice of the auditory tube (observed only in big cats). The levels of
this endoscopic study are shown above in the sagittal anatomical sections. Images are observed so that
the right side of the head is to the left of the image. (A): Leopard; (B): lion; and (C): cheetah. 1. Nasal
septum; 2. nasal cavity: lateral wall; 3. pharyngeal orifice of the auditory tube; 4. straight fold; 5. dorsal
nasal meatus; 6. dorsal nasal concha; 7. frontal opening; 8. nasal cavity: roof; 9. alar fold; 10. ventral
nasal concha; 11. nasal cavity: floor; 12. oblique fold; 13. aperture of the lateral nasal gland duct.



Animals 2024, 14, 1172 21 of 27

Animals 2024, 14, x FOR PEER REVIEW 21 of 27 
 

straight fold; 5. dorsal nasal meatus; 6. dorsal nasal concha; 7. frontal opening; 8. nasal cavity: roof; 
9. alar fold; 10. ventral nasal concha; 11. nasal cavity: floor; 12. oblique fold; 13. aperture of the lateral 
nasal gland duct. 

Below, Figure 18A–C detail the nasopharyngeal or choanal opening in the lion, chee-
tah, and cat on the floor of the nasal cavity, showing the soft palate at this level. In this 
view, we can also see the pharyngeal opening of the auditory tube on the lateral wall of 
the nasal cavity. 

 
Figure 18. Endoscopic images at the level of the choana and nasopharynx. The level of this endo-
scopic study is shown above in the sagittal anatomical section. Images are observed so that the right 
side of the head is to the left of the image. (A): Lion; (B): cheetah; and (C): cat. 1. Presphenoid bone; 
2. nasal septum; 3. nasal cavity: lateral wall; 4. choana; 5. nasal cavity: floor; 6. pharyngeal orifice of 
the auditory tube; 7. soft palate; 8. palatine aponeurosis. 

4. Discussion 
4.1. Anatomical, Comparative, and Functional Considerations 
4.1.1. External Nose 

In the nasal plane, the width of the nostril depends on the morphology of the alar 
fold. Thus, in the leopard and the cheetah, a smaller extension of this fold was observed 
in both CT and MRI, which means that on observation of the nasal plane of these felids by 
rhinoscopy, the lion and cat presented a narrower orifice than the leopard and cheetah 
did. The rostral nasal plane of felids was not described in any study using diagnostic im-
aging techniques and rhinoscopy published to date. For its study and for that of its carti-
laginous structure, we have consulted anatomical texts [6,38,39,41] and used rhinoscopic 
vision. 

4.1.2. Nasal Vestibule 

In this plane, it worth nothing that, due to the more caudal projection of the alar fold 
in lions and cats, the incisive bone and teeth can already be visualized, while at the same 
level of the nasal section as in the leopard and cheetah, we can only see the alar fold. Par-
allel folds [6,38,39] are structures that are only visualized in a very rostral plane, and in 
our study, it was only possible to identify them with CT and MRI in the leopard and the 
cheetah. 

Figure 18. Endoscopic images at the level of the choana and nasopharynx. The level of this endoscopic
study is shown above in the sagittal anatomical section. Images are observed so that the right side
of the head is to the left of the image. (A): Lion; (B): cheetah; and (C): cat. 1. Presphenoid bone; 2.
nasal septum; 3. nasal cavity: lateral wall; 4. choana; 5. nasal cavity: floor; 6. pharyngeal orifice of the
auditory tube; 7. soft palate; 8. palatine aponeurosis.

4. Discussion
4.1. Anatomical, Comparative, and Functional Considerations
4.1.1. External Nose

In the nasal plane, the width of the nostril depends on the morphology of the alar
fold. Thus, in the leopard and the cheetah, a smaller extension of this fold was observed in
both CT and MRI, which means that on observation of the nasal plane of these felids by
rhinoscopy, the lion and cat presented a narrower orifice than the leopard and cheetah did.
The rostral nasal plane of felids was not described in any study using diagnostic imaging
techniques and rhinoscopy published to date. For its study and for that of its cartilaginous
structure, we have consulted anatomical texts [6,38,39,41] and used rhinoscopic vision.

4.1.2. Nasal Vestibule

In this plane, it worth nothing that, due to the more caudal projection of the alar
fold in lions and cats, the incisive bone and teeth can already be visualized, while at the
same level of the nasal section as in the leopard and cheetah, we can only see the alar fold.
Parallel folds [6,38,39] are structures that are only visualized in a very rostral plane, and
in our study, it was only possible to identify them with CT and MRI in the leopard and
the cheetah.

The straight, alar, and basal nasal folds can be identified in the four species in our
study, as Conchou et al. [9] do in the domestic cat. However, Losonsky et al. [10] only
identified the alar fold in the cat. In addition, the same authors call the basal fold the
“caudal portion of the alar fold”.

4.1.3. Nasal Cavity

The nasal cavity of the domestic cat is similar to that of nondomestic cats; however,
certain differences are worth highlighting. Unlike the big cats studied here, the domestic
cat has two “conchal crests of the maxillary bone” for anchoring the ventral nasal concha
to the internal wall of the maxillary bone. In the leopard, the lion, and the cheetah, we
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observed how the ventral nasal concha is attached to the lateral wall of the nasal cavity by
only one crest. For its part, the dorsal nasal concha is attached to the lateral wall of the
nasal cavity by the ethmoidal crest of the nasal bone. These findings were not described in
any study to date.

In the lion, we observed that the internasal symphysis (medial union of the nasal bone)
appeared to be much more caudal than in the rest of the feline species (Figures 4 and 5),
so its mucosa and cartilaginous structure at this level (the dorsal lateral cartilage) must be
quite rigid and resistant in the most rostral planes.

With respect to the nasal cavernous plexuses, it should be noted that they were neither
described by Losonsky et al. [10], nor by Conchou et al. [9]. Schaller [38] described them
in bovids as a set of dense venous networks in the submucosa, adjacent to both the nasal
septum, as well as the lateral floor of the nasal cavity. Sandoval [39] also identified them
without indicating a specific species and described their drainage into the sphenopalatine
vein. We can identify these plexuses in our study next and laterally to the nasal septum.
In the species of big cats that we studied, the plexuses were much more developed in the
leopard than in the lion or the cheetah. We can relate this to the leopard’s need to heat
inhaled air, as they can withstand temperatures ranging between −30 and +70 ◦C [16]. In
the lion and the cheetah, this is not necessary, as their habitats are not so extreme, and
consequently, their plexuses are less developed [15,17].

Regarding the nasal conchae and the ecto- and endoturbinates, neither Losonsky
et al. [10], nor Conchou et al. [9] described the middle nasal concha and the third and fourth
endoturbinates. They mentioned ethmoturbinates in passing. Additionally, Losonsky
et al. [10] described the dorsal nasal concha, where the second ectoturbinate was located
in the frontal sinus. In our study, using both CT/MRI and rhinoscopy, in the lion and the
cheetah, we observed that the nasal conchae and endoturbinates were more tightly coiled
than in the other studied felids, thus leaving wider meatuses. This may also be related
to the speed that these two felids can reach when running, since the cheetah is the fastest
feline species [17].

Furthermore, another peculiarity that we observed in the lion throughout this study
was the great thickness of the bones of the roof of its nasal cavity, mainly the frontal and
nasal bones, as well as the great thickness of the muscles of its head. This may be related
to the degree of resistance to blows and impact in the head region by large herbivores
(buffalos, giraffes, zebras) when they defend themselves from attacks with their horns and
by kicking for territory and food. It is also important to highlight the effect that captivity
has on the lower development of the trabecular bone in felids [42].

The maxillary recess was only identified using imaging techniques with CT and MRI
by De Rycke et al. [11] and with CT by Weeden et al. [1], which are both studies on the
dog. In our study, the recess was visible in CT, MRI, and rhinocopy, limited medially by the
ethmoidal labyrinth, laterally by the lacrimal and maxillary bone, and lateroventrally by
the palatine bone.

The frontal sinus in cats, according to Barone [6] and Conchou et al. [9], has two
parts (a rostral and a caudal part). However, Schaller, Sandoval, Vázquez et al. [38,39,43]
described a single frontal sinus in felids. Thus, in our study, it can be seen how the tectorial
lamina of the ethmoid bone covers and dorsally fixes the ectoturbinates within the frontal
sinus, and it appeared to divide the frontal sinus, but in fact, it was a single sinus. In the
domestic cat, the opening of the frontal sinus was identified using CT, which joined the
frontal sinus with the nasal cavity and indirectly with the maxillary recess. Furthermore,
using the rhinoscopic technique, in the lion, we also identified the opening of the sinus in
the root of the nasal cavity. In addition, it should be noted that this opening only opens
directly to the caudal maxillary sinus in equids, receiving the name of the frontomaxillary
opening [38,39,43].

It should be noted that the lateral nasal gland had not yet been identified using
diagnostic imaging techniques. In our study, with the help of Barone [6] and Sandoval [39],
we were able to locate it using CT, MRI, and rhinoscopy. Rhinoscopy has allowed us to
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observe its location in the lion, the cheetah, and the cat, since it is camouflaged between the
third endoturbinate and the maxillary recess. In addition, this also allowed us to locate the
orifice of this gland, at the caudal limit of the nasal vestibule in the leopard.

4.1.4. Nasopharynx

Regarding the nasopharynx, the nasal cavity communicates with the nasal portion of
the pharynx through the choanae or nasopharyngeal openings [43]. These openings have
been identified in the four species of felids by CT and MRI; however, using rhinoscopy,
we were only able to visualize them in the lion, cheetah, and cat due to the rigidity of
the anatomical structures caused by fixation, preventing the passage of the rhinoscope
to the most caudal regions. Close to the choanae, we identified on the lateral wall of the
nasopharynx the pharyngeal orifice of the auditory tube in both the lion and the cheetah,
which has not been identified to date in any rhinoscopic study. The nasopharynx has a
more flattened lumen in the domestic cat than in the rest of the big cats that we studied, a
fact that is very well illustrated in both the transverse and sagittal views of CT and MRI.

4.2. Clinical and Pathological Considerations

Neoplasms, inflammatory and non-inflammatory diseases, trauma, dental diseases,
and nasopharyngeal diseases can cause clinical signs that are localized to the feline nasal
cavity and paranasal sinuses. A detailed knowledge of the normal anatomy that is specific
to the feline species facilitates the diagnosis and characterization of the lesions and abnor-
malities that can appear in the nasal cavity and paranasal sinuses [10]. Furthermore, most
tumors of the nasal cavity are locally invasive and malignant in dogs and cats; however,
some of them can be resected by surgery, and it is important to know the specific anatomy
of the nasal cavity [1]. Weeden et al. [1] present in their study an anatomical study of the
dog’s nasal cavity using CT with a surgical approach. Regarding dogs, it is also worth
highlighting the study carried out by De Rycke et al. [11], who developed a study of the
nasal cavity of this species using CT, MRI, and anatomical sections.

In the domestic cat, there are various studies of the nasal cavity using diagnostic
imaging techniques. Specifically, Conchou et al. [9] present an atlas of the nasal cavity
and paranasal sinuses of the cat using MRI. However, they presented only transverse
and horizontal views of the nasal cavity. Furthermore, in our study, we could visualize
structures that Conchou et al. [9] did not identify (among them, the third and fourth
endoturbinate, the maxillary recess, and the lateral nasal gland). Losonsky et al. [10] carried
out a similar study, but using CT, highlighting the scarcity of sections that have been studied
and the lack of definition of the tomographic images to identify the structures, which
required them to present a schematic drawing to identify many of the anatomical features.

In relation to the study of the nasal cavity by rhinoscopy, we can highlight other studies
which describe the procedure to carry out a rhinoscopic study in dogs and cats [3,14].
McCarthy et al. [18] also described the rhinoscopic procedure and also added a small
anatomical description of the nasal cavity, but only attaching a few anatomical images,
some of which were of poor quality.

As far as big cats are concerned, to date, there are no studies of the anatomy of the
nasal cavity using imaging techniques. Snow et al. [30] presented an MRI study of the tiger
head but did not delve into the nasal cavity. Jáber et al. [32] also performed a study of
the Bengal tiger´s brain using MRI, but it does not describe the nasal cavity either. There
are very few studies published to date of clinical cases that affect the nasal cavity in big
cats. We can cite some relevant studies on clinical cases, such as the one carried out by
Van der Weyden et al. [35], which proposed a clinical case of a meningioma of the nasal
cavity of a Siberian tiger without the prior use of imaging techniques, which was diagnosed
post mortem in the necropsy; or the work of Noguchi et al. [44], which described a clinical
case of a cheetah involving excision of a nasopharyngeal nodule, diagnosed with CT and
removed by rhinoscopy. Similarly, Ready et al. [36] described clinical cases of melanocytic
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neoplasms in tigers, African lions, and snow leopards that, among other locations, affect
the nasal plane, and their study used radiographic and tomographic studies.

In this study, the advantages and disadvantages of studying the nasal cavity using CT,
MRI, and rhinoscopy can be observed. To date, there are no such exhaustive studies of the
nasal cavity that encompass both imaging techniques and rhinoscopy. CT allowed the bony
limits and extensions of the nasal cavity to be identified much better than with MRI, since,
in their entirety, they are completely hyperattenuated. With MRI, the bone was observed
with different signal intensities depending on whether it was cortical or medullary, which
in many cases makes it difficult to visualize the bone limits. The cortical layer, due to its low
concentration of hydrogen atoms, was observed to be hypointense, while the medullary, as
it contains bone marrow, which is rich in fat and therefore has a greater amount of hydrogen
atoms, was observed to be hyperintense. In contrast, the MRI study provided better detail
of the soft tissue, which allowed for clearer observation of the entire development of
the turbinates, vomeronasal organ, lateral nasal gland, and nasal cavernous plexuses.
Furthermore, with T2-weighted MRI, fluids and edema can be visualized as hyperintense,
which can help in the interpretation of pathological conditions [9]. The rhinoscopic study,
for its part, allowed for a direct visualization of the nasal cavity; however, it has the
limitation that it cannot access all structures due to the restriction that rhinoscope access
can pose in many areas. In our study, due to the rigidity after preservation with fixative
solution of the leopard’s head, it was impossible to access the more caudal levels. In this
context, it is also worth highlighting the different colors of the mucosa of the nasal cavity
of the domestic cat compared to the big cats, which was shown to have a much more vivid
and pink color in the cat, “as it is a living animal”. This is due to the effect of the fixative
solution on the mucosa, since the rhinoscopic study of big cats was performed, unlike in
the domestic cat, on fixed specimens.

The information provided in this article was intended to be key to the identification
of pathological alterations in the nasal cavity. Diseases such as inflammatory rhinitis can
cause hyperplasia of the nasal mucosa, as well as an increase in secretions [2]. Among the
origins of rhinitis, we can highlight fungal conditions, for which the definitive diagnosis is
taking biopsies through rhinoscopy [21]. Nasopharyngeal masses are also common in felids,
usually of tumor origin, and their location and limits can be observed with considerable
precision by both CT and MRI. Foreign bodies can also be identified in the nasal cavity,
which are mainly diagnosed by CT and rhinoscopy [26]. Additionally, abscesses in the
roots of the maxillary canine teeth can cause nasal discharge if the abscess extends to the
nasal cavity [2]. The maxillary sinus is frequently affected when an abscess is generated
due to infection of the caudal maxillary premolar teeth [1]. In this context, it is also worth
noting that after having visualized the connection of the maxillary recess with the frontal
sinus in the cat through the opening of the frontal sinus in our study, a condition at the
level of these teeth could even develop into sinusitis or infection in this sinus.

All these pathologies that affect the nasal cavity, if they become chronic, can lead to
the destruction of structures of the nasal cavity such as the turbinates [2]. Therefore, prior
knowledge of nasal anatomy is necessary for the diagnosis of any nasal condition [9,10,14].

5. Conclusions

The combination of CT, MRI, and rhinoscopy techniques for examining the nasal cavity
has allowed us to assess the benefits that each technique has for the study of this cavity.

CT is a technique of great value for the study of the bony nasal cavity, since the bones
are visualized in their entire thickness in a hyperattenuated manner, which facilitates the
identification of their limits. However, MRI presents certain difficulties for this, since it
shows the bones with a hypointense cortical and a hyperintense medullary, which makes
visualization difficult in many cases. In addition, MRI is very useful in visualizing soft
tissue, which includes the mucosa of the turbinates or conchae, as well as structures such
as the vomeronasal organ or the lateral nasal gland.
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Rhinoscopy is a key technique in the direct visualization of the mucosa of the nasal
vestibule and nasal cavity and allows for the differentiation of some structures such as the
orifice of the nasolacrimal duct, the pharyngeal orifice of the auditory tube, or the orifice of
the lateral nasal gland, which cannot be identified with any other imaging technique used.

In the external nose, the opening of the nostrils depends on the route and morphology
of the alar fold, a fact that causes the lion and cat to have narrower nostrils.

At the level of the nasal cavity, it has been observed that the ventral nasal concha is
attached to the lateral wall of the nasal cavity by a single conchal crest of the maxillary
bone in big cats, while in domestic cats, it has two conchal crests. On the other hand, the
attachment of the dorsal nasal concha to the lateral wall of the nasal cavity is through the
ethmoidal crest of the nasal bone. In lions, we could highlight that the medial union of
the nasal bone or internasal symphysis is much more caudal than in the rest of the feline
species that we studied. Furthermore, the bones of the nasal cavity of the lion, as well as
the muscles of this area, are much thicker in this species than in the others.

The nasal cavernous plexuses are more developed in leopards than in the rest of the
species.

The nasal conchae, as well as the endoturbinates, present a narrower and flatter
morphology in the lion and the cheetah, which means that the spaces between them, or the
nasal meatuses, have a greater width.

With respect to the frontal sinus, in the domestic cat, it has been observed that the
opening of the frontal sinus connects the frontal sinus with the nasal cavity and, indirectly,
with the maxillary recess. This particularity has not been found in big cats.

The nasopharynx has a much narrower lumen in the domestic cat than in the big cats.
Finally, we can conclude by emphasizing that adequate knowledge of the specific

anatomy of the nasal cavity of these species through imaging techniques allows us to more
easily detect and diagnose alterations or pathologies that may affect this level.

Supplementary Materials: The following supporting information can be downloaded at https:
//www.mdpi.com/article/10.3390/ani14081172/s1: Table S1: MRI parameters used in this study;
Table S2: Tissue CT density and signal intensity characteristics for this CT and MRI study.

Author Contributions: Conceptualization, E.D.M., G.R.Z. and A.A.E.; formal analysis, F.G.C. and
A.A.E.; investigation, E.D.M., G.R.Z. and F.G.C.; methodology, M.S.L., C.S.C. and A.A.E.; resources,
F.M.G., C.S.C., D.L.C.G. and J.R.J.; supervision, G.R.Z., M.S.L. and A.A.E.; validation, D.K., F.M.G.,
D.L.C.G. and J.R.J.; writing—original draft, E.D.M., G.R.Z., M.S.L. and A.A.E.; writing—review and
editing, E.D.M., G.R.Z., M.S.L., D.K. and A.A.E. All authors have read and agreed to the published
version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The animal study protocol was approved by The Animal
Ethical Committee of Veterinary Medicine of Murcia University, who authorized the research protocol
(REGA ES300305440012 CEEA: 305/2017; Extended on 25 July 2022 as project Type II).

Informed Consent Statement: Written informed consent has been obtained from the owners of the
animals involved in this study.

Data Availability Statement: The information can be requested from dlcasas@gmail.com,
almoradi@mivet.com, and ricardo.n.l@um.es.

Acknowledgments: We give our special thanks to Oscar Blázquez Pérez and Javier Lucas Mantione
for the CT and MRI scans performed at Centro Veterinario de Diagnostico por Imagen del Levante,
Ciudad Quesada, Rojales Alicante, Spain.

Conflicts of Interest: The authors declare no conflicts of interest.

References
1. Weeden, A.M.; Degner, D.A. Surgical approaches to the nasal cavity and sinuses. Vet. Clin. N. Am. Small Anim. Pract. 2016, 46,

719–733. [CrossRef] [PubMed]

https://www.mdpi.com/article/10.3390/ani14081172/s1
https://www.mdpi.com/article/10.3390/ani14081172/s1
https://doi.org/10.1016/j.cvsm.2016.02.004
https://www.ncbi.nlm.nih.gov/pubmed/27217006


Animals 2024, 14, 1172 26 of 27

2. Norris, A.M.; Laing, E.J. Diseases of the nose and sinuses. Vet. Clin. N. Am. Small Anim. Pract. 1985, 15, 865–890. [CrossRef]
[PubMed]

3. Elie, M.; Sabo, M. Basics in canine and feline rhinoscopy. Clin. Tech. Small Anim. Pract. 2006, 21, 60–63. [CrossRef] [PubMed]
4. Nickel, R.; Schummer, A.; Seiferle, E. The Viscera of the Domestic Mammals, 2nd ed.; Verlag Paul Parey: Berlin, Germany, 1979;

pp. 1–401.
5. Donald, E.; Thrall, D.E. Textbook of Veterinary Diagnostic Radiology, 7th ed.; Saunders: Durham, NC, USA, 2018; pp. 183–203.
6. Barone, R. Anatomie Comparée des Mammifères Domestiques: Appareil Digestif, Appareil Respiratoire. Tome 3. Splanchnologie I, 3rd ed.;

Vigot: Paris, France, 2017; pp. 639–643.
7. Schoenborn, W.C.; Wisner, E.R.; Kass, P.P.; Dale, M. Retrospective assessment of computed tomographic imaging of feline

sinonasal disease in 62 cats. Vet. Radiol. Ultrasound 2003, 44, 185–195. [CrossRef] [PubMed]
8. Henderson, S.M.; Bradley, K.; Day, M.; Tasker, S.; Caney, S.M.; Hotston Moore, A.; Gruffydd-Jones, T.J. Investigation of nasal

disease in the cat--a retrospective study of 77 cases. J. Feline Med. Surg. 2004, 6, 245–257. [CrossRef]
9. Conchou, F.; Sautet, J.; Raharison, F.; Mogicato, G. Magnetic resonance imaging of normal nasal cavity and paranasal sinuses in

cats. Anat. Histol. Embryol. 2011, 41, 60–67. [CrossRef]
10. Losonsky, J.M.; Abbott, L.C.; Kuriashkin, I.V. Computed tomography of the normal feline nasal cavity and paranasal sinuses. Vet.

Radiol. Ultrasound 1997, 38, 251–258. [CrossRef] [PubMed]
11. De Rycke, L.M.; Saunders, J.H.; Gielen, I.M.; Van Bree, H.J.; Simoens, P.J. Magnetic resonance imaging, computed tomography,

and cross-sectional views of the anatomy of normal nasal cavities and paranasal sinuses in mesaticephalic dogs. Am. J. Vet. Res.
2003, 64, 1093–1098. [CrossRef]

12. Johnson, L.R.; Clarke, H.E.; Bannasch, M.J.; De Cock, H.E. Correlation of rhinoscopic signs of inflammation with histologic
findings in nasal biopsy specimens of cats with or without upper respiratory tract disease. J. Am. Vet. Med. Assoc. 2004, 225,
395–400. [CrossRef]

13. Kuehn, N.F. Chronic rhinitis in cats. Clin. Tech. Small Anim. Pract. 2006, 21, 69–75. [CrossRef]
14. Rawlings, C.A. Diagnostic rigid endoscopy: Otoscopy, rhinoscopy, and cystoscopy. Vet. Clin. N. Am. Small Anim. Pract. 2009, 39,

849–868. [CrossRef] [PubMed]
15. Bauer, H.; Packer, C.; Funston, P.F.; Henschel, P.; Nowell, K. Panthera leo. The IUCN Red List of Threatened Species 2016:

e.T15951A115130419. Available online: http://dx.doi.org/10.2305/IUCN.UK.2016-3.RLTS.T15951A107265605.en (accessed
on 10 April 2024).

16. Stein, A.B.; Athreya, V.; Gerngross, P.; Balme, G.; Henschel, P.; Karanth, U.; Miquelle, D.; Rostro-Garcia, S.; Kamler, J.F.; Laguardia,
A.; et al. Panthera pardus (Amended Version of 2019 Assessment). The IUCN Red List of Threatened Species 2020: e.T15954A163991139.
Available online: http://dx.doi.org/10.2305/IUCN.UK.2016-1.RLTS.T15954A50659089.en (accessed on 10 April 2024).

17. Durant, S.M.; Groom, R.; Ipavec, A.; Mitchell, N.; Khalatbari, L. Acinonyx jubatus. The IUCN Red List of Threatened Species 2022:
e.T219A124366642. Available online: http://dx.doi.org/10.2305/IUCN.UK.2015-4.RLTS.T219A50649567.en (accessed on 10 April
2024).

18. McCarthy, T.C.; McDermaid, S.L. Rhinoscopy. Vet. Clin. N. Am. Small Anim. Pract. 1990, 20, 1265–1290. [CrossRef] [PubMed]
19. Gil Cano, F.; Latorre Reviriego, R.; Ramírez Zarzosa, G.; López Albors, O.; Ayala Florenciano, M.D.; Martínez Gomariz, F.;

Sánchez Collado, C.; Vázquez Autón, J.M. Atlas de la Anatomía del Gato, 1st ed.; Multimédica Ediciones Veterinarias: Murcia,
Spain, 2022; pp. 1–256.

20. Kudnig, S.T. Nasopharyngeal polyps in cats. Clin. Tech. Small Anim. Pract. 2002, 17, 174–177. [CrossRef] [PubMed]
21. Whitney, B.L.; Broussard, J.; Stefanacci, J.D. Four cats with fungal rhinitis. J. Feline Med. Surg. 2005, 7, 53–58. [CrossRef]
22. Schlueter, C.; Budras, K.D.; Ludewig, E.; Mayrhofer, E.; Koenig, H.E.; Walter, A.; Oechtering, G.U. Brachycephalic feline noses: CT

and anatomical study of the relationship between head conformation and the nasolacrimal drainage system. J. Feline Med. Surg.
2009, 11, 891–900. [CrossRef] [PubMed]

23. Parker, V.J.; Morrison, J.A.; Yaeger, M.J. Olfactory neuroblastoma in a cat. J. Feline Med. Surg. 2010, 12, 867–871. [CrossRef]
[PubMed]

24. Fischetti, A.J.; Gisselman, K.; Peterson, M.E. CT and MRI evaluation of skull bones and soft tissues in six cats with presumed
acromegaly versus 12 unaffected cats. Vet. Radiol. Ultrasound 2012, 53, 535–539. [CrossRef] [PubMed]

25. Finck, M.; Ponce, F.; Guilbaud, L.; Chervier, C.; Floch, F.; Cadoré, J.L.; Chuzel, T.; Hugonnard, M. Computed tomography or
rhinoscopy as the first-line procedure for suspected nasal tumor: A pilot study. Can. Vet. J. 2015, 56, 185–192. [PubMed]

26. Moreno-Aguado, B.; Carrera, I.; Holdsworth, A.; Agthe, P.; Maddox, T.W.; Trevail, T. CT findings in 20 dogs and six cats with
confirmed nasal foreign bodies. Vet. Radiol. Ultrasound 2020, 61, 417–426. [CrossRef]

27. Sharma, D.; Pakravan, N.; Pritchard, J.C.; Hartmann, F.A.; Young, K.M. Mucoid Pseudomonas aeruginosa infection in a cat with
severe chronic rhinosinusitis. Vet. Clin. Pathol. 2019, 48, 300–304. [CrossRef]

28. McEwan, S.A.; Sykes, J.E. Nasopharyngeal cryptococcosis in a cat: Interlaboratory variation in cryptococcal antigen assay test
results. JFMS Open Rep. 2022, 8, 20551169221074624. [CrossRef]

29. Fawsitt, J.; Russell, O.; Alexander, A.; Peschard, A.L.; Wong, H.; Kortum, A. Clinical remission of feline sino-nasal aspergillosis
despite evidence of persistent infection. JFMS Open Rep. 2023, 9, 20551169231201605. [CrossRef]

30. Snow, T.M.; Litster, A.L.; Gregory, R.J. Big cat scan: Magnetic resonance imaging of the tiger. Australas. Radiol. 2004, 48, 93–95.
[CrossRef] [PubMed]

https://doi.org/10.1016/S0195-5616(85)50100-X
https://www.ncbi.nlm.nih.gov/pubmed/3878027
https://doi.org/10.1053/j.ctsap.2005.12.011
https://www.ncbi.nlm.nih.gov/pubmed/16711610
https://doi.org/10.1111/j.1740-8261.2003.tb01269.x
https://www.ncbi.nlm.nih.gov/pubmed/12718354
https://doi.org/10.1016/j.jfms.2003.08.005
https://doi.org/10.1111/j.1439-0264.2011.01104.x
https://doi.org/10.1111/j.1740-8261.1997.tb00851.x
https://www.ncbi.nlm.nih.gov/pubmed/9262679
https://doi.org/10.2460/ajvr.2003.64.1093
https://doi.org/10.2460/javma.2004.225.395
https://doi.org/10.1053/j.ctsap.2005.12.013
https://doi.org/10.1016/j.cvsm.2009.05.010
https://www.ncbi.nlm.nih.gov/pubmed/19683648
http://dx.doi.org/10.2305/IUCN.UK.2016-3.RLTS.T15951A107265605.en
http://dx.doi.org/10.2305/IUCN.UK.2016-1.RLTS.T15954A50659089.en
http://dx.doi.org/10.2305/IUCN.UK.2015-4.RLTS.T219A50649567.en
https://doi.org/10.1016/S0195-5616(90)50304-6
https://www.ncbi.nlm.nih.gov/pubmed/2238370
https://doi.org/10.1053/svms.2002.36602
https://www.ncbi.nlm.nih.gov/pubmed/12587283
https://doi.org/10.1016/j.jfms.2004.02.004
https://doi.org/10.1016/j.jfms.2009.09.010
https://www.ncbi.nlm.nih.gov/pubmed/19857852
https://doi.org/10.1016/j.jfms.2010.09.009
https://www.ncbi.nlm.nih.gov/pubmed/20974404
https://doi.org/10.1111/j.1740-8261.2012.01957.x
https://www.ncbi.nlm.nih.gov/pubmed/22703122
https://www.ncbi.nlm.nih.gov/pubmed/25694669
https://doi.org/10.1111/vru.12832
https://doi.org/10.1111/vcp.12749
https://doi.org/10.1177/20551169221074624
https://doi.org/10.1177/20551169231201605
https://doi.org/10.1111/j.1440-1673.2004.01238.x
https://www.ncbi.nlm.nih.gov/pubmed/15027932


Animals 2024, 14, 1172 27 of 27

31. Arencibia, A.; Encinoso, M.; Jáber, J.R.; Morales, D.; Blanco, D.; Artiles, A.; Vázquez, J.M. Magnetic resonance imaging study in a
normal Bengal tiger (Panthera tigris) stifle joint. BMC Vet. Res. 2015, 11, 192. [CrossRef]

32. Jáber, J.R.; Encinoso, M.; Morales, D.; Artiles, A.; Santana, M.; Blanco, D.; Arencibia, A. Anatomic study of the normal Bengal tiger
(Panthera tigris tigris) brain and associated structures using low field magnetic resonance imaging. Eur. J. Anat. 2016, 20, 195–203.

33. Lara, V.M.; Benassi, J.C.; Bisetto, S.P.; De Oliveira, T.M.; Ferreira, H.L.; Júnior, J.P.A.; Carregaro, A.B. Molecular detection of
infectious pathogens of the upper respiratory tract in captive nondomestic felids. J. Zoo Wildl. Med. 2017, 48, 529–531. [CrossRef]
[PubMed]

34. Boudreaux, B.B.; LaRue, S.M.; Rademacher, N.; Neck, D.; Grasperge, B.; Wood, C.; Baker, D.G. Treatment of leiomyosarcoma in a
tiger (Panthera tigris) with stereotactic radiotherapy. Vet. Radiol. Ultrasound 2019, 60, E33–E37. [CrossRef] [PubMed]

35. Van der Weyden, L.; Caldwell, P.; Steyrer, C.; O’Dell, N.; Henning, A. Sinonasal meningioma in a siberian tiger (Panthera tigris
altaica). Vet. Sci. 2022, 9, 457. [CrossRef]

36. Ready, Z.C.; LoBato, D.; LaDouceur, E.; Garner, M.M.; Cushing, A.C. Melanocytic neoplasia in panthera species: Clinical
presentations, pathologic findings and responses to treatment. J. Zoo Wildl. Med. 2023, 53, 844–854. [CrossRef]

37. Crouch, J.E. Text-Atlas of Cat Anatomy; Lea & Febiger: Philadelphia, PA, USA, 1969; pp. 1–416.
38. Schaller, O. Illustrated Veterinary Anatomical Nomenclature; Ferdinand Enke Verlag: Stuttgart, Germany, 1992; pp. 1–614.
39. Sandoval, J. Tratado de Anatomía Veterinaria, Tomo III: Cabeza y Sistemas Viscerales; Imprenta Sorles: León, Spain, 2000; pp. 1–281.
40. Liste Burillo, F. Atlas Veterinario de Diagnóstico por Imagen; Servet: Soria, Spain, 2009; pp. 146–198.
41. Hudson, L.C.; Hamilton, W.P. Atlas of Feline Anatomy for Veterinarians; W.B. Saunders Company: Philadelphia, PA, USA, 1993;

pp. 1–287.
42. Chirchir, H.; Ruff, C.; Helgen, K.M.; Potts, R. Effects of reduced mobility on trabecular bone density in captive big cats. R. Soc.

Open Sci. 2022, 9, 211345. [CrossRef]
43. Vázquez, J.M.; Gil, F.; Latorre, R.; Ramírez, G.; López Albors, O.; Ayala, M.D.; Martínez Gomariz, F.; Sánchez, C.; Orenes, M.

Manual de Prácticas de Anatomía Veterinaria: Sistemas Viscerales; Diego Marín: Murcia, Spain, 2001; pp. 21–42.
44. Noguchi, S.; Toyota, K.; Ozaki, M.; Wada, Y.; Takami, Y.; Tanaka, M.; Kuwamura, M.; Shimada, T. Successful management of

nasopharyngitis caused by Schizophyllum commune in a captive cheetah (Acinonyx jubatus). J. Vet. Med. Sci. 2023, 85, 1074–1076.
[CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1186/s12917-015-0532-4
https://doi.org/10.1638/2015-0290R2.1
https://www.ncbi.nlm.nih.gov/pubmed/28749292
https://doi.org/10.1111/vru.12720
https://www.ncbi.nlm.nih.gov/pubmed/30746806
https://doi.org/10.3390/vetsci9090457
https://doi.org/10.1638/2021-0121
https://doi.org/10.1098/rsos.211345
https://doi.org/10.1292/jvms.23-0273
https://www.ncbi.nlm.nih.gov/pubmed/37574282

	Introduction 
	Materials and Methods 
	Animals 
	Computed Tomography 
	Magnetic Resonance Imaging 
	Rhinoscopy 
	Anatomic Evaluation 

	Results 
	Computed Tomography and Magnetic Resonance Imaging 
	Rhinoscopy 

	Discussion 
	Anatomical, Comparative, and Functional Considerations 
	External Nose 
	Nasal Vestibule 
	Nasal Cavity 
	Nasopharynx 

	Clinical and Pathological Considerations 

	Conclusions 
	References

