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Modern dogs are the most morphologically diverse group of mammals. Numerous studies have shown that dogs

and their olfactory abilities are of great importance to humans. It was found that the changes within the skull have

had a significant impact on the structure of the initial sections of the respiratory system, including the turbinates of

the nasal passages. Congenital defects, defined as brachycephalic syndrome, are currently a significant problem in

dog breeding as they can affect animal welfare and even lead to death.
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olfactory system

1. Introduction

As a result of artificial selection and breeding concepts, the dog population grew very quickly, and these animals

began to play a significant role in people’s lives. Modern dog breeds are characterized by a great variety of their

anatomical shapes and in effect exhibit various capabilities and perform many specific tasks for humans . This

diversity makes the domestic dog the most morphologically diversified mammal species worldwide. This fact is also

true with regard to the dog’s skull shape, including the brain .

This process changed the relationship between humans and animals, leading to a new pressure on selection,

absent in the case of the wolf as a protoplast of the domestic dog, which determines the animals’ response to

humans and the human environment. In all domesticated animals, including predators, a decreased level of anxiety

or fear in contact with humans has become the most important behavioral response change. In effect, animals

exhibit a decreased level of responsiveness to external stimuli . The most significant results of these changes in

domesticated animals include modifications in the form and size, morphology and functions of the encephalon.

Numerous studies have indicated a systematic decrease in the total size of the encephalon in domesticated

animals as compared to their wild protoplasts . In contemporary dogs, their encephalon is almost 30%

smaller in comparison with that of the wolf. This reduction in size is particularly evident in the limbic system, a part

of the brain partly responsible for the fight-or-flight response . The skull shape also transformed changed in

response to changes in the morphology of the encephalon. Evidence to document this thesis was provided by a

well-known experiment conducted in Russia, where the process of silver fox domestication was studied for over 40

years. The study found that changes in the skull shape were correlated with the level of domestication in foxes .
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Craniological changes also had a significant impact on the structure and physiology of the respiratory system,

including turbinates in dogs and other domesticated mammals . The shape of the nasal cavity is particularly

significant, as many dog breeds serve humans because of the dog’s fine sense of smell. In recent decades, many

scent detection studies have been performed with human, animal and electronic noses. Scent detection by animals

has been addressed in studies, which all suggest similar or even superior accuracy compared to standard

diagnostic methods . These factors make the dog a highly sensitive real-time olfactive detector.

The highly sensitive sense of smell in dogs is based on several aspects. First, the dog’s ability to detect scents

relies on its acute sensitivity when distinguishing individual scents. Secondly, for the dog, even a very low

concentration of some substances in the air is sufficient to detect scents. Finally, the dog distinguishes a wider

spectrum of scents than is the case with other mammalian species. In other words, dogs are able to analyze more

chemical substances present in the air than most other animals .

2. Functional Anatomy of Smell

From the very beginning probably, the extraordinary olfactory capacity of dogs has been used by humans to

identify and recognize odors . With their approx. 300 million olfactory receptors (humans only have 5–6 million),

dogs can detect smells that seem unfathomable to humans. Dogs have olfactory receptors much more sensitive

than humans, which is why they are attracted to new and interesting odors (neophilia) . It has been proven that

their ability to detect odorants is as much as 10,000–100,000 times that of the average human, with the lower limit

of detection in canines being one part per trillion .

The important elements of the olfactory system include the nasal cavity, the turbinates covered with the olfactory

epithelium with receptors and the vomeronasal organ (VNO) , as shown in Figure 1.
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Figure 1. The view to the left of the mesocephalic dog’s head shows the distribution of important structures related

to respiration and smell.

The turbinates contribute to an increase in the area lined by the mucosa. However, its total surface may be

influenced by the size and shape of the dog’s mouth . The nasal turbinates protrude from the side walls of the

nasal cavity and contain the venous network; thus 5–15% of air inhaled by dogs is redirected to them .

As air is inhaled, it first enters the nasal turbinates, where a small number of olfactory receptor neurons are

located, then flows into the ethmoid turbinates and paranasal sinuses and subsequently toward the pharynx and

larynx . The turbinate obstruction alters the way air flows into the olfactory fissure, which in turn affects the

sense of smell. The swelling of the turbinate epithelium decreases with exercise, hypercapnia and increased

sympathetic tone, while it increases with exposure to cold air and chemical irritants, as well as hypocapnia and

increased parasympathetic tone .

The VNO (also called Jacobson’s organ) lies along the right-cephalic side of the nasal septum, is symmetrical on

both sides and functions as an additional site for odor detection . The VNO sensory neurons detect chemical

signals that cause behavioral and/or physiological changes . Dennis’s observations in 2003 were expanded and

confronted by Salazar et al. in a study of the morphology and physiology of the vomeronasal system in dogs. The

VNO of dogs contains both types of epithelia, i.e., receptor and non-receptor epithelium, which are structurally

different in the types of nerve fibers and integrated cells . The function of the VNO is to detect a wide range of

chemicals including fragrances, in particular pheromones , and it is believed to play an important role in social

behavior and reproduction in dogs. Studies indicate that MRI is the most appropriate imaging technique for VNO
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visualization, allowing for precise evaluation of soft tissues. This seems important as it has been shown that

disturbances in VNO structure may influence behavioral changes in animals. It has been disclosed that VNO

sensory epithelial inflammation may show a correlation with the occurrence of intraspecific aggression . In

addition, studies on cats indicate a possible association of VNO epithelial inflammation with intraspecific

aggressive behavior. Inflammation can weaken the functionality of the epithelium, causing changes in intra-species

communication, possibly by reducing the action and perception of chemical communication, which significantly

affects behavioral disturbances in cats .

An interesting behavior related directly to the VNO is the flehmen reflex. Some species of animals, when taking

pheromones from the environment, show a characteristic behavior, the so-called flehmen reflex, involving the curl

of the upper lip and the elevation of the nostrils, especially well expressed in horses. Such a reflex improves the

movement of inhaled pheromones toward the olfactory bulb . The typical flehmen reflex is not observed in dogs

and cats because their upper lips are too rigid and firmly fixed via the frenulum to permit this type of movement.

These animal species exhibit different attitudes of behavior, namely they assume a position with an upright head

and neck, which they stretch forward for a short time . In cats, an open mouth is observed, then the cat licks the

nose area and stares motionlessly into the distance, while the lip remains raised all the time . In dogs, there is a

rapid retraction of the tongue toward the incisal papilla which probably also aids the perception of pheromones .

Compared to humans, dogs have a much larger olfactory area with an olfactory epithelium that can recognize

many more odors. The sensory area occupies more than 30% of the nasal cavity in dogs . Therefore, different

breeds of dogs are successfully used for comparative research in olfaction. Not only are they particularly sensitive

to fragrances , they also have the ability to localize the odor perfectly, even in the presence of a significant

background odor, which is possibly thanks to the larger size of their nasal cavity compared to other species  and

a unique airflow path affected by sniffing. The ability to find the source of the odor, even in the presence of

competing odors, makes the tracking dog a key partner in many military operations and police work, e.g., in search

and rescue operations . Numerous studies have established that dogs and their olfactory ability are of great

importance to medicine. Thanks to their special skills, they successfully detect infectious diseases, neoplasms and

metabolic diseases such as diabetes . Recent studies also confirm that dogs can be helpful in detecting COVID-

19 .

3. The Nose Structure and Airflow Routes in Animals

The head is the most important and highly specialized part of the body because it contains the brain and vital

sense organs related to hearing, sight and smell. In addition to these activities, the nasal cavity also has an

extremely important thermoregulatory function. It modifies properties of the inhaled air before it reaches further

parts of the respiratory tract. It is heated by passing through the highly vascular surface of the mucosa and

moisturized in the process of evaporation of tears and nasal secretions .

The cranial cavity is separated from the nasal cavity by a perforated plate called the lamina cribrosa ethmoid plate,

which is a part of the ethmoid bone (os ethmoidale). This bone lies on the border of the facial part of the
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viscerocranium and the cerebral part, i.e., the neurocranium. The nasal cavity (cavum nasi) covers most of the

face. In the complex of bones bounding the nasal cavity, the maxilla (maxilla) is the largest, which significantly

enlarges the initial airways, also forming the maxillary sinus . However, already at this stage, it needs to be

stated that in dogs this sinus is minimized only to the maxillary recess (recessus maxillaris), limited dorsally by the

nasal bone, laterally by the maxillary and incisor bones and ventrally through the palatine process of the maxilla as

well as the incisors and the palatine bone. The incisal bone divides the entrance of the nasal cavity and the roof of

the palate at the beginning of the skull. In turn, the nasal bone is long and thin, and it is located on the dorsal part

of the facial skeleton. Its length may vary depending on the dog breed. The nasal cavity is also divided by the nasal

septum (septum nasi) into the right and left nasal cavities. This septum is mostly made of cartilage tissue, and it

ossifies in the caudal part, forming the vertical plate of the ethmoid bone . The blade, in turn, forms the caudal-

ventral part of the nasal septum. The sagittal part is built by two thin lateral layers of bone plates that adhere

ventrally and form the cartilaginous part of the nasal septum in the initial part and the vertical plate of the ethmoid

bone (the bony part of the nasal septum) .

The space within the nasal cavity is significantly limited by the nasal conchae (conchae nasales) attached to its

walls, which are delicate curved bone structures covered with mucosa that support the sense of smell . The

nasal turbinates are characterized by an extremely complicated pattern as indicated in Figure 2. Topographically,

the researchers can distinguish the caudal system building the ethmoid labyrinth (labyrinthus ethmoidalis), as well

as the nasal system, which consists of extensive nasal conchae-dorsal, ventral and middle, being the smallest

(Figure 3). The numerous ethmoid turbinates (ethmoturbinalia) are separated by ethmoid ducts, which are

especially complicated in animals, in which the sense of smell plays an important role .

Figure 2. The figure shows a sagittal section of the wolf’s head. The nasal turbinates, the ethmoid labyrinth (made

of the inner and outer ethmoid turbinate), nasal passages and the frontal sinus were prepared.
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Figure 3. Cross-section of ventral nasal turbinates in dogs. Based on .

Anatomically the researchers can distinguish the outer ethmoid turbinate (ectoturbinalia), the inner ethmoid

turbinate, also known as the dorsal turbinate of the nose (endoturbinale/concha nasalis dorsalis), and the first,

second, third and fourth inner ethmoid turbinates (endoturbinale I, II, III, IV) (Figure 4). The first ethmoid turbinate

is the most dorsal; it is the longest and farthest in the nasal cavity. It forms the skeleton of the dorsal turbinate. The

second ethmoid turbinate is located next to the first and is the skeleton of the middle turbinate. Turbinates III and IV

are small in most species. The exception is the dog, in which these turbinates are very well formed. The internal

ethmoid turbinates are the medial and dorsal nasal turbinates. The outer turbinates are arranged in one row, with

the exception of the horse, where they form two rows .
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Figure 4. Transverse section of the ethmoturbinates in dogs. I, II, III, IV—endoturbinates; 1, 2, 3, 4—

ectoturbinates. Based on .

The dorsal nasal turbinate (concha nasalis dorsalis) is a curved bone lamina built into the ethmoid crest . It is

the longest in comparison to the other turbinates. It extends from the ethmoid plate to the nasal vestibule. Ventral

nasal concha (concha nasalis ventralis), attached to the jaw through a turbinate crest located in the nasal cavity 

and the hard palate, models the course of the nasal passages and the distort of the front part of the nasal cavity.

The ventral surface of the nasal bone is covered with mucosa, forming the dorsal nasal passage . They are

products of delicate tubular bone plates, the shape and structure of which depend on the location or species. In the

nasal part, the bone plates do not curl up and are not connected. Caudally, the researchers can see that they curl

in such a way that the pinnae touch each other or the side walls of the nasal cavity, thus closing the space

belonging to the area of the paranasal sinuses. In the cross-section of the head in the transverse plane, it can be

seen that these slits, plates and wiroures ourin the croourss-section form the letter “E” . The nasal cavities

include all the three nasal passages—meatus nasalis dorsalis, meatus nasalis medius and meatus nasalis ventralis

—formed by the nasal turbinates . These structures meet near the septum of the nose to form the common

nasal duct (meatus nasalis communis). The dorsal nasal passages between the vault of the nasal cavity and the

dorsal nasal turbinate are observed. They extend to the ethmoid bone and terminate. It is the direct pathway of the

inhaled air toward the olfactory region of the nasal cavity. It is also called the olfactory nasal passage, as it

terminates in the olfactory region of the nasal cavity. The middle nasal passage is responsible for the connection of

the nasal cavity with the paranasal sinuses; thus the term sinus nasal passage is also used. It extends between the

dorsal and ventral turbinates and separates in the caudal segment because the middle nasal turbinate is located
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there. The common (medial) nasal passage lies in the medial plane between the nasal septum and the turbinates,

reaching the canopy of the bottom of the nasal cavity. Together with the abdominal (respiratory) duct, they create a

path for the air passing toward the nasopharynx .

4. Brachycephalia, the Brachycephalic Syndrome and
Anatomical Changes in the Nose Balances in Dogs

Considering the large number of dog breeds, the researchers know that morphological differences of these breeds

are highly varied and easily discernible. This is one of the reasons why in cynology three types of dog breeds were

established: dolichocephalic, mesocephalic and brachycephalic . The term “brachycephalic” means literarily

“short, wide-headed” . Brachycephalic breeds are easily recognized by their shortened nose and widely spaced,

shallower eye sockets than in the other types of dogs. In dogs, a number of craniofacial anomalies can contribute

to brachycephaly, including reduction in bone length, chondrodysplasia of the base of the skull and changes in the

position of the palate relative to the base of the skull . According to many studies, these dogs may suffer from

the brachycephalic syndrome and respiratory problems, among others.

Brachycephaly is associated with the modification of the skeleton and skull . This results in a distinctive short

and very often flattened dorso-ventral snout. This is a result of deliberate efforts by breeders to select dogs for

breeding so that they develop local chondrodysplasia and generate individuals with an even more shortened facial

skeleton . In recent years, there has been a significant increase in the popularity of brachycephalic breeds.

According to the British Kennel Club, registrations of French bulldogs increased by 3104%, pugs by 193% and

English bulldogs by 96%. Similarly in Australia, according to the ANKC, in the period of 1987–2017, there was an

upward trend in the registration of French bulldogs by 11.3% (percentage of the total number of purebred dog

registrations), pugs by 320% and English bulldogs by 324% . However, it is impossible not to mention the other

side of the coin. In 2014, the Dutch government passed a law prohibiting the breeding of dogs with short mouths

with features that may adversely affect the health of dogs and their descendants. Therefore this law applies to all

races that have an exaggerated appearance. However, it is not about forbidding the reproduction of selected

breeds altogether. Dutch law aims to eliminate from further breeding only those individuals whose physique may

cause suffering or serious discomfort to dogs .

Despite the growing popularity of these breeds worldwide , it has been shown that the morphological

changes are relatively serious and are associated with hereditary head and neck disorders . In

brachycephalic dogs, the shortened base of the skull also includes a reduction in the length of the nasopharynx .

All the congenital anomalies and anatomical abnormalities observed in these breeds, in particular those affecting

the respiratory system, but also digestive, eyes, skin and other systems, are described jointly by one term: the

brachycephalic syndrome.

The brachycephalic syndrome, also known as the obstructive brachycephalic respiratory syndrome (BAOS or

BAS), is a fairly well-described ongoing process of anatomical and functional disorders of the respiratory and

digestive systems . Dogs diagnosed with BAOS tend to have severe breathing problems as a consequence
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of the anatomical deformities in the head . The basic conditions of the brachycephalic syndrome include

congenital anatomical abnormalities such as narrowed nostrils, an elongated soft palate, hypoplastic trachea and

nasopharynx and changes in the structure of the nasal turbinates. Figure 5 shows an English bulldog with

manifestations of the brachycephalic disorders typical of this type of breed, classified as the brachycephalic

syndrome.

Figure 5. The figure shows an English bulldog. Visible here are signs that are typical for many brachycephalics,

classified as the brachycephalic syndrome, such as narrowed nostrils, hypertrophy of the tongue, soft palate or

nasal turbinates. Based on .

The above-mentioned anatomical abnormalities modified the physiology of the respiratory system in

brachycephalic breeds . Primary abnormalities such as narrowed nostrils or enlarged turbinates can lead to a

significant increase in breathing effort to overcome airway resistance . Chronic airway obstruction in

brachycephalic dogs can lead to secondary lesions, including soft palate hypertrophy, laryngeal edema, laryngeal

sac degeneration and laryngeal collapse .

Clinically, dogs show signs of respiratory distress such as severe dyspnoea, wheezing, coughing, snoring,

reluctance to exercise, increased breathing effort, hyperthermia and even collapse . This condition occurs

because, despite a marked reduction in the length of the craniofacial skeleton , the structures of the soft tissues

of the oral cavity and nasal cavity (e.g., soft palate, tongue, tonsils) are not proportionally reduced .

In addition to the BAS elements noted above, the authors have observed and documented the presence of the

nasal turbinates extending caudally from the nasal cavity to the nasopharynx . The unique anatomy of the skull

in the brachycephalic breeds may explain the development of turbinate hypertrophy. The nasal turbinates, along

[57][58]

[10]

[59]

[60]

[61]

[62]

[55]

[63]

[44]



Shape of Dog's Nasal Cavity and Smell | Encyclopedia.pub

https://encyclopedia.pub/entry/20508 10/15

with most of the other bones in the skull, originate from the ectoderm, while the other bones in the body come from

the mesoderm. Some bones are formed by ossification on a membranous substrate and tend to form close to the

structures they contain . In contrast, cartilage bones continue to grow and ossify only after the end of pregnancy.

They are less plastic and tend to grow fully. The nasal turbinates are formed precisely as a result of endochondral

ossification, and thus they can grow beyond their immediate vicinity . Therefore, in the brachycephalic

breeds, the ethmoid turbinates may show a tendency to significantly overgrow into the nasopharynx due to the

limited space in the already ossified nasal cavity . The resulting contact between the mucosa-covered turbinates

hinders the flow of air through the nose . This is not a normal structure of the initial airway, and studies have

shown that turbinate hypertrophy to the pharynx is a common condition in brachycephalic dogs . Clinical cases

with hypertrophy and deformation of the nasal turbinates toward the pharynx have been reported many times, while

the influence of these anatomical anomalies on the occurrence of BOAS is not fully understood. The most common

brachycephalic breeds around the world are pugs, English bulldogs and French bulldogs. Both pugs and French

bulldogs are classified as extremely brachycephalic dogs, but there are differences in these breeds concerning

clinical signs and skull structure. In pugs, turbinate hypertrophy is a particularly common disease because, despite

the shortening of the facial skeleton, it does not shorten the turbinates . It is assumed that turbinate hypertrophy

affects up to 21% of these dogs. That is why it is so important to evaluate the nasopharynx for turbinate

hypertrophy in all brachycephalic dogs using various methods, including upper respiratory endoscopy . Several

other diagnostic methods are also used to assess the anatomical and dynamic changes associated with BOAS,

including radiography and computed tomography (CT) , while craniometric measurements are also analyzed. In

particular, CT allows the obtained data to be reformatted into multiplanar and three-dimensional images. This

allows the entire initial airway and throat structures to be visualized. To date, few studies have been published on

the CT assessment of the anatomy of the initial airways in brachycephalic dogs, none of which have looked at the

measurement of hypertrophied turbinates in specific breeds such as the pug or the bulldog . These few

studies suggest that further characterization and studies of nasal turbinates and their hypertrophy are important.

For this purpose, it is worth using computed tomography and three-dimensional imaging tests, which can

additionally help characterize the structure of the nasal turbinates and their anatomical anomalies. Research

evaluating the prevalence among the breeds as well as the contribution of these structures to the increase in

airway resistance and clinical symptoms of the brachycephalic syndrome is warranted. Further anatomical and

histological observations in this direction are recommended, which shows that this topic needs to be investigated

further, in more detail .
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