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Summary 
Introduction and objective: Inappropriate selection for extreme bra-
chycephaly has led to almost complete loss of the nose in brachyce -
phalic dog breeds. This structural deformity causes severe malfunction 
of the airways and is referred to as brachycephalic airway syndrome 
(BAS). The aim of this study was to examine and compare the anato -
mical features of the brachycephalic and normocephalic nose of dogs 
using computed tomography (CT). Methods: A total of 23 brachyce -
phalic dogs (11 pugs, seven French bulldogs, five English bulldogs) and 
one normocephalic German shepherd dog were examined. Multislice 
CT images of all animals were evaluated. For comparison of structural 
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differences between normocephalic and brachycephalic breeds, ana-
tomical parameters were determined. Results: Extreme shortening of 
the craniofacial skull and thus of the nasal cavity lead to abnormal con-
figuration of the conchae. Two main types of aberrant conchal growth 
were recorded: Rostral aberrant turbinates (RAT) obstructing the nasal 
passage and caudal aberrant turbinates (CAT) obstructing the naso -
pharyngeal meatus. Furthermore, all nasal conchae were characterised 
by a low degree of branching and crude lamellae. Measurements of the 
skull revealed characteristic differences among the brachycephalic dog 
breeds. The pug had a shorter facial skull than the French and English 
bulldogs. Conclusion: The finding that severe intranasal deformities 
occur in brachycephalic dogs provides new data for the understanding 
of the pathophysiology of BAS. Clinical relevance: Detailed structural 
analysis of rostral and caudal aberrant turbinates (RAT, CAT) is an indis-
pensable prerequisite for planning and implementing intranasal treat-
ment of BAS using laser-assisted turbinectomy (LATE therapy). 
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Introduction 

The popularity of brachycephalic dog breeds such as the pug and 
bulldog has increased in recent years and has led to an increase in 
the frequency of severe respiratory insufficiency among patients, 
many of which require veterinary intervention. In our experience, 
the severity of clinical signs in brachycephalic dogs has markedly 
increased in the last ten years, and many dogs are affected in the 
first two years of life. Brachycephalic airway syndrome (BAS) is a 
complex of respiratory problems mainly attributable to abnormal-
ities of the nose and larynx caused by extreme shortening of the 
facial bones. The syndrome is characterised by upper airway ob-
struction and stenosis of the nose and pharynx, an elongated fleshy 
soft palate, stenotic nares, soft tissue thickening in the nasopha-
rynx, enlargement of the root of the tongue, everted pharyngeal 
tonsils and laryngeal ventricles, instability of the laryngeal carti-
lages and in advanced cases, laryngeal or tracheal collapse (1, 

12–14, 21). These abnormalities may occur individually or in com-
bination and always result in impaired respiratory function. 

In BAS, airway obstruction may be primary or secondary, 
whereby primary obstruction leads to secondary obstruction. The 
structures considered to be involved in primary obstruction are 
subject to debate. For many years, stenotic nares and elongation of 
the soft palate were thought to be the cause of primary obstruction 
(1, 3, 12, 13, 18, 31). However, we hypothesise that abnormal intra-
nasal structures are a fundamental cause of increased respiratory 
resistance as well (17, 24, 26). 

Current treatment for BAS is aimed at correcting three of the 
most obvious abnormalities. Stenotic nares are widened via wedge 
excision, the soft palate is shortened, and everted laryngeal saccules 
are removed (1, 19). However, the outcome is not always satisfac-
tory (21) because this type of treatment only addresses the prob-
lems proximal and distal to the nasal cavity but not the abnormal-
ities within the nasal cavity itself. 

A preliminary investigation found marked morphological 
changes within the nasal cavity of brachycephalic dogs (26). This 
prompted the development of laser-assisted turbinectomy 
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(LATE), which has led to noticeable long-term improvement in 
dogs with BAS (25, 26, 29). Patients first undergo computed to-
mography (CT), followed by removal of obstructive portions of 
the nasal chonchae with a diode-laser. 

The structure of the nose of brachycephalic dogs is complicated 
and can only be imaged using high-resolution techniques such as 
CT. A thorough understanding of the anatomy of the canine nose 
is mandatory when interpreting CT images for diagnostic pur-
poses and for tailoring intranasal surgery to the patient. Computed 
tomographic studies of the canine nose have been done in normo-
cephalic breeds (2, 9, 32), but not, to our knowledge, in brachy -
cephalic breeds.  

The goal of the present study was to compare the anatomy of 
the nose of brachycephalic and normocephalic dogs using CT. 

Proportional differences in the skull measurements of brachy -
cephalic dogs and a normocephalic dog were compared. 

Materials and Methods 

A total of 23 brachycephalic dogs, which included 11 pugs, seven 
French bulldogs and five English bulldogs, underwent CT imaging 
of the skull (�Table 1). All the dogs had been referred to the Small 
Animal Clinic, University of Leipzig, for surgical treatment of BAS. 
The CT images were compared with those of a healthy German 
shepherd dog to determine abnormalities in the nasal structure of 
the brachycephalic dogs. 

Nr. Breed Age 
(years) 

Sex Septum  
deviation 

RAT CAT 

 1 German shepherd 
dog 

 4 female – – – 

 2 Pug  2 female to the left right right and left 

 3 Pug  2 male to the left right – 

 4 Pug  1 male to the left right – 

 5 Pug  2 female to the left right right and left 

 6 Pug  6 female to the left right – 

 7 Pug  5 female to the right and 
left 

right and left right 

 8 Pug 10 female to the right left left 

 9 Pug  1 male to the right left – 

10 Pug  6 male to the right left – 

11 Pug  7 female to the left right – 

24 English bulldog  1 male – – right and left 

RAT = rostral aberrant turbinates 
CAT = caudal aberrant turbinates 

12 Pug  2 male to the left right right 

13 French bulldog  1 male – – – 

14 French bulldog  4 male – – right and left 

15 French bulldog  2 female – – – 

16 French bulldog  1 male to the left right right 

17 French bulldog  2.5 male – – – 

18 French bulldog  3 female – – right 

19 French bulldog  0.5 male – – – 

20 English bulldog  2 female – – – 

21 English bulldog  1 male – – – 

22 English bulldog  5 male – right and left right and left 

23 English bulldog  0.5 male – – – 

Table 1  
Signalment and results of computed tomo -
graphy of the nose of a normocephalic dog  
and 23 brachycephalic dogs. 
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Computed tomographic imaging was done using a multislice 
spiral CT scanner (Philips Mx8000 Brilliance, 6-slice, Philips 
Medical Systems GMBH, Germany). The dogs were placed under 
general anaesthesia and positioned in sternal recumbency on the 
CT table. The upper jaw was secured so that the hard palate was 
parallel to the table. The topograms were done in laterolateral 
and dorsoventral views to plan the slice series. Two series of slices 
were carried out at settings of 200 mAs and 120 KV. In the first 
series, the head and neck region from the tip of the nose to the 
larynx was imaged with a slice thickness of 1 mm. The emphasis 
of the second series was on visualisation of the delicate structures 
of the nasal cavity. A slice thickness of 0.6 mm was used to obtain 
images from the tip of the nose to the caudal parts of the sinu - 
ses. The CT images were taken using a modified lung window 
(–300 WL and 2500 WW) for optimal visualisation of the structure 
of the conchae in the air-filled nasal cavity. 

Anatomical landmarks were defined and measured for com-
parison of the length of the nasal cavity with the length of the entire 
skull, the length of the hard palate and the length of the cranial ca -
vity (�Table 2, 3; Fig. 1). All measurements were determined in 
relation to the length of the nasal cavity, and the measurements of 
the brachycephalic skulls were compared with those of the normo -
cephalic skull (�Fig. 5). The osteometric data were evaluated for 
normal distribution using the Kolmogorov-Smirnov test, and dif-
ferences among brachycephalic breeds were analysed using a t-test. 
A P-value of 0.05 was considered significant. The type and severity 
of the deviation of the nasal septum and abnormal growth of the 
turbinate structures rostrally into the nasal cavity (rostral aberrant 
turbinates = RAT) and caudally into the nasopharynx (caudal 
aberrant turbinates = CAT) were also determined (�Table 1). 

Results 

Comparison of the CT slice series of a pug and the German shep-
herd dog (Figs. 2, 3) clearly showed the structural differences with-
in the nasal cavity. Compared with normocephalic nares, those of 
the pugs were much narrower and slit-like (�Figs. 2A and B) and 
the lateral wings of the nose were closer together. In addition, the 
lateral wings appeared more prominent, and the plica alaris, which 
emerges further caudally from the wings, was enlarged consider-
ably (Fig. 2C, D: 2a). Because of shortening of the nose, the skin 
folds and maxillary canine tooth (Fig. 2D: 9a) were seen at this 

level; the latter became visible much further caudally in the Ger-
man shepherd dog.  

In the German shepherd dog, the nasal folds were clearly de-
marcated, whereas in the brachycephalic dog, they were compact 
and telescoped (Fig. 2E, F: 2a-e). In 13 of 23 cases (57%), the 
middle nasal conchae were displaced further rostrally than normal 
and extended close to the vestibulum (Fig. 2F: 4a; Table 1).  

The four nasal passages (Fig. 2E: 5a-d) were clearly demarcated 
in the German shepherd dog, but were narrowed, asymmetric and 
distorted in the brachycephalic breeds. In the rostral nasal cavity, 
this was caused by asymmetric mucosal folds and the rostrally- 
located aberrant turbinates (RAT; Fig. 2F: 4a). Further caudally 
and immediately rostral to the meatus nasopharyngeus, the ventral 
nasal meatus (Fig. 3: 5c) was frequently obstructed by tissue of 
the ventral or middle nasal conchae. In contrast to the German 
shepherd dog, in which the folds of the conchae clearly ended ros-
tral to the wing of the vomer (Fig. 2I: 7a), the ventral nasal conchae 
occupied this part of the nasal passageway in the pug (Fig. 2J: 3, 
Fig. 3: 3). An important finding were aberrant growing turbinates 
within the meatus nasopharyngeus (Fig. 2N, P: 4a, Fig. 3: 4a). In 
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Length Starting point End point 

(1) Nasal cavity Alveolar point of incisive bone (prosthion)  Caudal border of sphenoidal sinus 

(2) Hard palate Alveolar point of incisive bone (prosthion) Caudal point of hard palate 

(3) Skull I Alveolar point of incisive bone (prosthion) Most ventral point of foramen magnum 

(4) Skull II Alveolar point of incisive bone (prosthion) External occipital protuberans 

(5) Brain cavity Junction of frontal bone and ethmoid bone  Dorsal margin of foramen magnum

Table 2  
Anatomical land-
marks for skull 
measurements 
(Fig. 1). 

Fig. 1 The skull measurements in all the dogs included the length of the 
nasal cavity (1), hard palate (2), skull I (3), skull II (4) and brain cavity (5) 
(Table 2). 
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10 of 23 dogs (43%), parts of the ventral or middle conchae ex-
tended into the meatus nasopharyngeus causing stenosis of this 
transition from the nasal cavity to the nasopharynx. In extreme 
cases (4 of 23), the lamellae of the middle nasal concha extended 

even further caudally, beyond the choanae, into the nasopharynx 
(Fig. 3: 4a, 5f). When viewed from the side, the entire course of the 
nasal passage was in a more upright position in all the brachy -
cephalic dogs (Fig. 3: 5c). 
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A 
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Fig. 2  
Comparison of transverse CT images of the 
nose of a German shepherd dog (left row)  
and that of a pug (right row). 1 = nares, 
1a = comma head-shaped nasal opening, 
1b = comma tail-shaped nasal opening,  
2 = entrance to nasal cavity (mobile part of the 
nose) and septal swell bodies, 2a = plica alaris, 
2b = plica recta, 2c = plica basalis, 2d = dorsal 
septal swell body, 2e = ventral septal swell 
body, 3 = ventral nasal concha, 3a = basal la-
mellae, 3b = caudal extension (with the sphe-
nopalatine artery and vein), 4 = ethmoid bone, 
4a = middle nasal concha (endoturbinate II), 
4b = dorsal nasal concha (endoturbinate I), 
4c = basal lamina, 4d = endoturbinate IV, 
5 = air passage, 5a = dorsal nasal meatus, 
5b = middle nasal meatus, 5c = ventral nasal 
meatus, 5d = common nasal meatus, 
5e = choanae, 5f = nasopharyngeal meatus, 
6 = nasal septum, 7 = vomer, 7a = wing of 
vomer, 8 = palatine bone, 8a = perpendicular 
plate of palatine bone, 9 = maxilla, 9a = canine 
tooth. 

D
ie

se
s 

D
ok

um
en

t w
ur

de
 z

um
 p

er
sö

nl
ic

he
n 

G
eb

ra
uc

h 
he

ru
nt

er
ge

la
de

n.
 V

er
vi

el
fä

lti
gu

ng
 n

ur
 m

it 
Z

us
tim

m
un

g 
de

s 
V

er
la

ge
s.



5 T. H. Oechtering et al.: CT imaging of the nose in brachycephalic dog breeds

© Schattauer 2007 Tierärztliche Praxis Kleintiere 3/2007

I J 

K L 
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Fig. 2 
continued  
1 = nares, 1a = comma head-shaped nasal 
opening, 1b = comma tail-shaped nasal open-
ing, 2 = entrance to nasal cavity (mobile part  
of the nose) and septal swell bodies, 2a = plica 
alaris, 2b = plica recta, 2c = plica basalis, 
2d = dorsal septal swell body, 2e = ventral  
septal swell body, 3 = ventral nasal concha, 
3a = basal lamellae, 3b = caudal extension 
(with the sphenopalatine artery and vein), 
4 = ethmoid bone, 4a = middle nasal concha 
(endoturbinate II), 4b = dorsal nasal concha 
(endoturbinate I), 4c = basal lamina,  
4d = endoturbinate IV, 5 = air passage, 
5a = dorsal nasal meatus, 5b = middle nasal 
meatus, 5c = ventral nasal meatus, 5d = com-
mon nasal meatus, 5e = cho anae, 5f = naso -
pharyngeal meatus, 6 = nasal septum, 
7 = vomer, 7a = wing of vomer, 8 = palatine 
bone, 8a = perpendicular plate of palatine 
bone, 9 = maxilla, 9a = canine tooth. 
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There was severe deviation of the nasal septum in 11 pugs and 
mild deviation in one French bulldog (Fig. 2F: 6, Table 1). In these 
11 pugs, there was marked rostral displacement of the middle nasal 
conchae (RAT) on the concave side of the nasal septum (Fig. 2F: 
4a). In only one English bulldog did both middle nasal conchae ex-
tend far rostrally, even though there was no deviation of the nasal 
septum (Table 1). 

There were moderate to severe changes in the configuration of 
all nasal conchae in brachycephalic dogs. In the German shepherd 
dog, the ventral nasal conchae appeared very delicate, whereas in 
the pugs, they appeared coarse (Fig. 2G, H: 3). This resulted in 
fewer ramifications and thickened conchal lamellae. 

The skull of brachycephalic dogs had marked proportional ab-
normalities. In normocephalic dogs, the floor of the nasal cavity, 
which separates the nasal cavity from the nasopharynx caudally, 
is formed by the wing of the vomer (Fig. 2K, M: 7a) and the per-
pendicular lamellae of the hard palate (Fig. 2K, M: 8a). The basal 
lamina of the ethmoid bone (Fig. 2I-L: 4c) forms the transition be-
tween the nasal cavity and nasopharynx further rostrally and dor-
sal to the wing of the vomer and serves as a point of attachment for 
the middle nasal concha (Fig. 2J: 4a). In contrast, the basal lamina 
of the ethmoid bone (Fig. 2J: 4c) in brachycephalic dogs were seen 
further rostrally, which was why the point of attachment of the 
middle nasal concha was also located further rostrally than in nor-
mocephalic dogs. Ventral to this point of attachment, there was no 
closure of the floor of the nasal cavity because this occurred further 
caudally. Instead, this area was occupied by conchal tissue, which 
extended unhindered into the nasal cavity and even as far as the 
choanae and nasopharynx. 

The proportional abnormalities became most obvious when 
the skull measurements of the brachycephalic dogs and the Ger-
man shepherd dog were compared (�Table 3). The pug had the 
shortest head and thus the shortest nasal cavity (�Fig. 4), hard pal-
ate, skull length I and II and brain cavity, followed by the French 
and English bulldog. Compared with the pug, the skull of the Ger-
man shepherd dog was twice as long and the nasal cavity more than 
three times as long. The brain cavity, on the other hand, was only 
1.4 times larger than that of the pug and 1.2 times larger than that 
of the English bulldog (�Table 3). Because these absolute values 
do not accurately reflect the characteristic proportional differ-
ences, the individual measurements were expressed in relation to 
the corresponding length of the nasal cavity, to determine differ-
ences among the brachycephalic breeds (�Fig. 5, Table 4, 5). 

Compared with the length of the nasal cavity, the hard palate 
was relatively longer in the pug and French bulldog and relatively 

Fig. 3 Comparison of sagittal CT images of the head of a German shepherd dog (A) and that of a pug (B). In the pug, caudal aberrant turbinates (CAT) 
originating from the middle nasal concha (4a) extend caudally and obstruct the air passage (5c) as well as the nasopharyngeal meatus (5f). 

A B 

Fig. 4 The length (cm) of the nasal cavity using the anatomical landmarks 
listed in Table 2 in 11 pugs, seven French bulldogs, five English bulldogs and 
one German shepherd dog. 
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shorter in the English bulldog and particularly in the German 
shepherd dog. The nasal cavity was 39% of the length of the skull in 
the pug and 66% in the German shepherd dog. The relative length 
of the brain cavity was markedly greater than that of the nasal ca -
vity in the brachycephalic breeds, but markedly shorter in the Ger-
man shepherd dog (�Fig. 5). 

In the pug, the relationship between the length of the skull and 
the length of the nasal cavity differed the most from the cor-
responding relationship in the German shepherd dog. The re -
lationships calculated for the pugs and French bulldogs were 
generally similar, and in the English bulldog, the relationships 
were between those of the French bulldogs and the German shep-
herd (�Table 4). With the exception of the skull II/nasal ca - 
vity rela tionship in the pug and French bulldog, all differences 
between the relative lengths differed significantly among the 
breeds (�Table 5). 

Discussion 

To the authors’ knowledge, this is the first study to investigate the 
structure of the nose of brachycephalic dogs via CT. It was shown 
that airway occlusion is, at least in part, the result of rostral aber-
rant turbinates (RAT), which extend into the nasal cavity, or caudal 
aberrant turbinates (CAT), which extend into the nasopharynx. To 
date, most comparative studies of the skull structure of normo -
cephalic and brachycephalic dogs have used conventional radio -
graphy (33). However, superimposition of many of the skull struc-
tures is a major problem in the interpretation of radiographs. A 
number of studies have used multi-slice CT to investigate the 
structures of the nose of normocephalic dogs (2, 9, 32). This im-
aging modality is the method of choice for evaluating the delicate 
nasal structures. Our study used established protocols for CT of 
the canine skull (15, 16). 

Severe stenosis of the nares and nasal vestibule was seen in all 
the brachycephalic dogs in the present study. Stenotic nares occur 

7 T. H. Oechtering et al.: CT imaging of the nose in brachycephalic dog breeds

© Schattauer 2007 Tierärztliche Praxis Kleintiere 3/2007

Fig. 5 Relationships (mean + SD) of the length of the hard palate (A), brain cavity (B), skull I (C) and skull II (D) to the length of the nasal cavity using the 
landmark measurements shown in Table 2 in 11 pugs, seven French bulldogs, five English bulldogs and one German shepherd dog. 

A B 

C D 
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commonly in brachycephalic dogs and are likely a contributing 
factor in BAS (8, 21, 34). In our experience, there is telescoping and 
compression of the structures within the mobile part of the nose. 
The mobile part of the nose is the rostral aspect of the nasal cavity, 
which is supported by the nasal cartilages, and has a membranous 
to cartilaginous septum. The dorsolateral nasal cartilages form the 
lateral wings of the nares (7, 23), in brachycephalic dogs they are 
very prominent and positioned adjacent to the nasal septum. Be-
cause of this, there is no discernable nasal opening, which leads to 
obstruction. Brachycephalic cats also suffer from this problem 

(24). Another contributing factor to respiratory obstruction is the 
perpendicular mucosal fold referred to as the closing fold at the 
transition between the wing of the nostril and the alar fold (plica 
alaris) (28). Depending on the patient, this fold should also be 
removed during surgical enlargement of the nostrils in brachy -
cephalic dogs. Comparative anatomical studies indicate that the 
closing fold may act as a protective barrier to the entrance of ma-
terial, such as water, into the nasal cavity, and is important in 
aquatic mammals (22). 
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Breed Relationship of  
hard palate to  
nasal cavity 

Relationship of 
skull I to nasal 
 cavity 

Relationship of 
skull II to nasal 
 cavity 

Relationship of 
brain cavity to  
nasal cavity 

Pug x– 1.18 2.05 2.42 1.61 

SD 0.06 0.06 0.09 0.10 

French bulldog x– 1.09 1.96 2.44 1.39 

SD 0.04 0.05 0.14 0.07 

English bulldog x– 0.95 1.83 2.16 1.12 

SD 0.03 0.07 0.15 0.10 

German shepherd dog  0.86 1.51 1.70 0.68 

Relationships are based on the length of the nasal cavity. x– = mean; SD = standard deviation 

Table 4  
Anatomical land-
mark measurements 
of the skull in re-
lation to the length 
of the nasal cavity in 
a normocephalic dog 
and 23 brachy -
cephalic dogs. 

Relationship  Pug versus  
French bulldog 

Pug versus  
English bulldog 

French bulldog versus 
English bulldog 

Hard palate/nasal cavity p = 0.011 p < 0.001 p < 0.001 

Skull I/nasal cavity p = 0.021 p = 0.005 p < 0.001 

Skull II/nasal cavity p = 0.710 (n. s.) p = 0.003 p = 0.012 

Brain cavity/nasal cavity p < 0.001 p < 0.001 p < 0.001 

P-values of t-test, α = 0.05, n. s.= not significant 

Table 5  
Comparison of the 
relative anatomical 
landmark measure-
ments among groups 
of brachycephalic 
dogs. 

Breed Length of nasal 
cavity (cm) 

Length of hard 
palate (cm) 

Length of 
skull I (cm) 

Length of 
skull II (cm) 

Brain cavity 

Pug x–  3.90  4.55  7.95  9.44 6.23 

SD  0.35  0.30  0.56  0.76 0.34 

French bulldog x–  4.85  5.28  9.52 11.85 6.63 

SD  0.26  0.25  0.48  0.70 0.19 

English bulldog x–  6.36  6.06 11.60 13.72 7.12 

SD  0.46  0.30  0.51  0.66 0.41 

German shepherd dog  12.80 11.00 19.30 21.80 8.70 

x– = mean 
SD = standard deviation 

Table 3  
Absolute anatomical 
landmark measure-
ments of the skull in 
a normocephalic dog 
and 23 brachy -
cephalic dogs. 
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The entire course of the nasal passage in brachycephalic dogs is 
pushed into a more upright position compared with normo -
cephalic dogs. This abnormality has also been described in brachy-
cephalic cats (20, 24). Bending of the nasal passage is a result of se-
vere shortening of the facial skull, which possibly leads to displace-
ment of the nasal structures via dorsorotation of dental crowns 
(24). 

Extreme shortening of the facial skull, particularly the bony 
part of the nasal cavity, does not necessarily lead to a reduction in 
intranasal structures. Rather, it results in abnormal configuration 
of the nasal conchae, especially the ventral and middle conchae, 
which can almost entirely obstruct the nasal passage. In 43% of our 
cases, there was conchal tissue that extended into the choanae, 
which form the transition between the nasal cavity and nasopha-
rynx (�Table 1: CAT). In extreme cases (17% of brachycephalic 
dogs), conchal tissue extended beyond the choanae into the naso -
pharynx (�Fig. 2O, P: 4a, 5f, Fig. 3: 4a, 5f). The presence of con -
chal tissue in the choanae has been reported in a limited number 
of rhinoscopic studies, although the origin of the tissue was not 
identified (4, 10). Normally the caudal part of the ventral nasal 
meatus, the choanae and nasopharynx are completely devoid of 
conchal tissue and function to conduct air through the respiratory 
passages (5, 23). Thus, it is not only excessive soft tissue that causes 
airway obstruction (13), but more importantly conchal tissue oc-
cupying the normally open air passages of the choanae and naso -
pharynx. 

All the pugs in the present study had severe deviation of the 
nasal septum. This abnormality is seen in only 6% of normo -
cephalic dogs. It therefore appears that deviation of the nasal sep-
tum is common in brachycephalic dogs, especially pugs. It is 
known that nasal septal deviation results in nasal obstruction 
caused by increased air resistance on the convex side of the de -
viated septum in humans, and hypertrophy of the nasal concha 
occurs on the concave side (11). Our study also found RAT on the 
concave side of the deviated nasal septum in all the pugs. Hyper-
trophy of the middle nasal concha resulted in rostral extension of 
these structures causing marked stenosis of the nasal opening. We 
feel that there is an association between the length of the nasal 
cavity, which is the shortest in the pug, and the observation that 
the pug consistently had nasal septal deviation and RAT. 

Various landmarks and parameters were measured for the os-
teometric evaluation of the skull (�Fig. 1, Table 2). With the ex-
ception of the length of the nasal cavity, all parameters were 
adopted from previous studies (20, 30). Determination of the 
length of the nasal cavity and definition of a useful landmark to 
achieve this was difficult in brachycephalic dogs because of marked 
shortening of the nasal bone and the overall limited space. Our 
study showed that the nasal bone of severe brachycephalic dogs 
was almost absent. Compared with normocephalic dogs, the nose 
was deformed and reduced to almost nothing but the rostral mo-
bile part. Thus, it was necessary to establish a new parameter for 
characterising the length of the nasal cavity. This parameter was 
the distance from the alveolar point of the incisive bone (pros-

thion) to the caudal border of the sphenoidal sinus (�Fig. 1: 1, 
Table 2: 1). 

Absolute measurements of the skull did not allow meaningful 
direct comparisons among the various breeds. Therefore, relative 
measurements were defined, which clearly showed that the nose of 
the normocephalic dog occupied a considerably larger space with-
in the skull and was longer than the brain cavity and hard palate. In 
contrast, the nose of brachycephalic dogs, especially pugs and 
French bulldogs, was considerably shorter. This was not surprising 
because similar findings were reported in a conventional radio-
graphic study of brachycephalic dog breeds (19). However, it was 
surprising to find that there were distinct differences among bra-
chycephalic breeds, but almost no differences within a given breed 
(�Table 4, 5). 

The proportional measurements allowed an estimate of the 
relationship between the lengths of the nose and skull and thus, 
potential characterisation of the degree of brachycephaly. How-
ever, the osteometric data alone did not allow a definitive con-
clusion as to the severity of respiratory problems because only dogs 
with BAS were included in this study. However, the data did pro-
vide convincing evidence that respiratory problems are a direct 
result of shortening of the facial skull, which affects the nasal ca -
vity to a greater degree than the hard palate. From a develop -
mental standpoint, further shortening of the hard palate appears 
problematic because of space requirements for the teeth. Shorten-
ing of the facial skull may also affect the function of the eustachian 
tube and subsequently the middle ear. In the majority of brachy-
cephalic dogs examined, the tympanic bullae contained fluid or 
solid material, which could have been caused by impaired venti -
latory function of the auditory tubes (6). 

The results of the present study support the hypothesis that ros-
tral and caudal aberrant nasal turbinates (RAT, CAT) cause intra-
nasal stenosis and are a major contributing factor in BAS (24, 26). 
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Clinical relevance 
It is well known that surgical correction of stenotic nares and elon-
gation of the soft palate are often required in brachycephalic dogs 
with BAS. However, the findings of the present study strongly suggest 
that airway stenoses within the nasal cavity must also be addressed 
in the treatment of BAS. Laser-assisted turbinectomy (LATE) was de-
veloped to remove the parts of the nasal conchae that cause steno -
sis as determined by CT. The result is an improved and patent respira -
tory passage (27).

D
ie

se
s 

D
ok

um
en

t w
ur

de
 z

um
 p

er
sö

nl
ic

he
n 

G
eb

ra
uc

h 
he

ru
nt

er
ge

la
de

n.
 V

er
vi

el
fä

lti
gu

ng
 n

ur
 m

it 
Z

us
tim

m
un

g 
de

s 
V

er
la

ge
s.



References 
1. Aron DN, Crowe DT. Upper airway obstruction. General principles and se-

lected conditions in the dog and cat. Vet Clin North Am Small Anim Pract 
1985; 15 (5): 891–917. 

2. Assheuer J, Sager M. MRI & CT-Atlas of the Dog. Berlin: Blackwell 1997. 
3. Balli A. Rhinomanometrische Parameter bei gesunden Hunden in Abhän-

gigkeit vom radiologisch erfassten Brachycephaliegrad. Diss med vet, Vet-
suisse-Fakultät, Universität Zürich 2004. 

4. Billen F, Day MJ, Clercx C. Diagnosis of pharyngeal disorders in dogs: a retro-
spective study of 67 cases. J Small Anim Pract 2006; 47: 122–129. 

5. Budras K-D. Nase, Kehlkopf, Mundhöhle und Schlundkopf. In: Atlas der 
Anatomie des Hundes, 7. Aufl. Budras KD, Fricke W, Richter R, Hrsg. Han -
nover: Schlütersche 2004. 

6. Cole LK, Samii VF. Contrast-enhanced computed tomographic imaging of 
the auditory tube in mesaticephalic dogs. Vet Radiol Ultrasound 2007; 48 (2): 
125–128. 

7. Dyce KM, Sack WO, Wensing CJG. Anatomie der Haustiere. Stuttgart: Enke 
1991. 

8. Ellison GW. Alapexy: An alternative technique for repair of stenotic nares in 
dogs. J Am Anim Hosp Assoc 2004; 40 (6): 484–489. 

9. Furck VC. Die angewandte topographisch-anatomische Schnittbilddarstel-
lung der Hundenase in der Computertomographie. Dissertation, Freie Uni-
versität Berlin 2004. 

10. Ginn J, Kumar M, McKiernan B, Powers B. Nasopharyngeal Turbinates in 
Brachycephalic Dogs and Cats. 24th Symposium of the Veterinary Com-
parative Respiratory Society „Respiratory Infections and Zoonoses“, Jena 
2006. 

11. Grützenmacher S, Robinson DM, Gräfe K, Lang C, Mlynski G. First Findings 
Concerning Airflow in Noses with Septal Deviation and Compensatory Tur-
binate Hypertrophy – A Model Study. ORL 2006; 68: 199–205. 

12. Harvey CE. Upper airway obstruction surgery. 1: Stenotic nares surgery in 
brachycephalic dogs. J Am Anim Hosp Assoc 1982; 18: 535–537. 

13. Harvey CE. Upper airway obstruction surgery. 2: Soft palate resection in bra-
chycephalic dogs. J Am Anim Hosp Assoc 1982; 18: 538–544. 

14. Hendricks JC. Brachycephalic airway syndrome. In: Textbook of Respiratory 
Disease in Dogs and Cats. King LG, ed. St. Louis, Missouri: Saunders, Elsevier 
2004; 310ff. 

15. Henninger W, Pavlicek M. Konventionelle CT-Untersuchungsprotokolle, er-
stellt nach Regionen, für den optimalen Kontrastmitteleinsatz beim Hund. 
Teil 1: Einleitung, Material, Methodik und Ergebnisse. Kleintierprax 2001; 
46: 685–698. 

16. Henninger W, Pavlicek M. Konventionelle CT-Untersuchungsprotokolle, er-
stellt nach Regionen, für den optimalen Kontrastmitteleinsatz beim Hund. 
Teil 2: Untersuchungsprotokolle, Diskussion und Literatur. Kleintierprax 
2001; 46: 761–772. 

17. Hueber JP, Smith HJ, Reinhold P, Oechtering GU. Die Messung des intra -
nasalen Atmungswiderstandes bei brachyzephalen Hunden: Impuls-Oszil-
lometrie und erste Ergebnisse zum Einfluss der LATE-OP. Tierärztl Prax 
2007; 35 (K) [1], A7. 

18. Koch DA. Brachycephalic syndrome – new pathophysiological aspects. ECVS 
Proceedings 2006. 

19. Koch DA, Arnold S, Hubler M, Montavon PM. Brachycephalic Syndrome in 
Dogs. Compendium 2003; 25 (1), 48–55. 

20. Künzel W, Breit S, Oppel M. Morphometric investigations of breed-specific 
features in feline skulls and consideration on their functional implications. 
Anat Histol Embryol 2003; 32: 218–223. 

21. Lorinson D, Bright R, White R. Brachycephalic airway obstruction syndrome 
– a review of 118 cases. Canine Pract 1997; 22: 18–21. 

22. Negus V. The Comparative Anatomy and Physiology of the Nose and Para-
nasal Sinuses. Edinburgh, London: Livingstone 1958. 

23. Nickel R, Wilkens H. Atmungsapparat. In: Lehrbuch der Anatomie der Haus-
tiere, Band II, 7. Aufl. Nickel R, Schummer A, Seiferle E, Hrsg. Berlin: Parey 
1995; 219–299. 

24. Nöller C. Klinisch-funktionelle Anatomie und computertomographische 
Darstellung der Nase bei normo- und brachyzephalen Katzen. Diss med vet, 
Freie Universität Berlin 2006. 

25. Oechtering GU, Alef M. Videoscopic Endonasal Laser Therapy in Brachycep-
halic Dogs. Third Annual Meeting and Scientific Symposium of the Veterin-
ary Endoscopy Society, Keystone Colorado 2006. 

26. Oechtering GU, Alef M, Kiefer I, Nöller C, Budras K-D. Laserchirurgie bei 
brachyzephalen Hunden mit Atemnot. 51. Jahreskongress der Deutschen 
Gesellschaft für Kleintiermedizin, Berlin 2005; 274–275. 

27. Oechtering GU, Hueber J, Kiefer I, Alef M, Nöller C. Laser Assisted Turbin -
ectomy (LATE) – A Novel Approach to Brachycephalic Airway Syndrome. 
Vet Surg 2007; 36 (4): E11. 

28. Oechtering GU, Nöller C, Alef M, Hüber J, Kiefer I, Ludewig E, Budras K-D. 
Die Nasen der Nasenlosen. 52. Jahreskongress der Deutschen Gesellschaft für 
Kleintiermedizin, Düsseldorf 2006; 279–282. 

29. Oechtering GU, Nöller C, Alef M, Reinhold P, Hueber J, Kiefer I, Ludewig E, 
Budras K-D. A new approach to the Brachycephalic Airway Syndrome: 
Videoscopic Endonasal Laser Therapy. 24th Symposium of the Veterinary 
Comparative Respiratory Society „Respiratory Infections and Zoonoses“, 
Jena 2006. 

30. Oppel M. Morphometrische und funktionell anatomische Untersuchungen 
am Kopf dolicho-, meso- und brachyzephaler Rassekatzen. Diss med vet, 
Veterinärmedizinische Universität Wien 2002. 

31. Reese S, Gerlach K. Beiträge zur klinisch-funktionellen Anatomie. In: Atlas 
der Anatomie des Hundes, 7. Aufl. Budras KD, Fricke W, Richter R, Hrsg. 
Hannover: Schlütersche 2004. 

32. Rycke LM, Saunders JH, Gielen IM, van Bree HJ, Sinoens PJ. Magnet reson-
ance imaging, computed tomography, and cross-sectional views of the anat-
omy of normal nasal cavities and paranasal sinuses in mesaticephalic dogs. 
AJVR 2003; 64 (No 9): 1093–1098. 

33. Schwarz T, Sullivan M, Hartung K. Radiographic anatomy of the cribriform 
plate (Lamina cribrosa). Vet Radiol Ultrasound 2000; 41 (3): 220–225. 

34. Wykes PM. Brachycephalic airway obstructive syndrome. Probl Vet Med 
1991; 3 (2): 188–197.

10 T. H. Oechtering et al.: CT imaging of the nose in brachycephalic dog breeds

Tierärztliche Praxis Kleintiere 3/2007 © Schattauer 2007

D
ie

se
s 

D
ok

um
en

t w
ur

de
 z

um
 p

er
sö

nl
ic

he
n 

G
eb

ra
uc

h 
he

ru
nt

er
ge

la
de

n.
 V

er
vi

el
fä

lti
gu

ng
 n

ur
 m

it 
Z

us
tim

m
un

g 
de

s 
V

er
la

ge
s.


