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Abstract 

The current work aimed to describe the 
anatomical findings of the nasal and 
paranasal sinuses of the donkey by 
gross anatomical observation of the 
skull and cadaver head through cross-
sections, sagittal sections and com-
puted tomography (CT) imaging. Seven 
adult donkeys and ten skulls were used 
in this study. The donkey head had six 
pairs of sinuses, three paranasal; the 
frontal, maxillary and sphenopalatine 
sinuses and three nasal; dorsal, middle 
and ventral conchal sinuses. The left 
and right frontal sinuses were complete-
ly divided by a thick bony septum. Each 
frontal sinus is united rostrally with the 
dorsal conchal sinus forming concho-
frontal sinus that communicated directly 
with the caudal maxillary sinus by fron-
tomaxillary opening. The maxillary sinus 
is divided into rostral and caudal com-
partments by a thin incomplete bony 
septum. The caudal maxillary sinus is 
divided into medial and lateral com-
partments by the infraorbital canal that 
run longitudinally through it. The rostral 
maxillary sinus is communicated with 
the ventral conchal sinus through the 
conchomaxillary opening, while the ro-
stral and caudal maxillary sinuses are 
connected with the middle nasal meatus 
via the slit-like nasomaxillary opening. 
Approach to the interior of the frontal, 

rostral and caudal maxillary was deter-
mined. The location, size, and shape of 
the paranasal sinuses openings (con-
chomaxillary, nasomaxillary, frontomax-
illary and sphenopalatinal openings and 
opening of middle conchal sinus into 
caudal maxillary sinus) communicated 
the sinuses with the nasal cavity were 
identified in CT. The frontomaxillary 
opening was the largest opening, while 
the nasomaxillary opening was the nar-
rowest one. CT images with cross-
sections provided clear, unobstructed 
images on the paranasal structures, 
while paranasal lining was unclear in 
CT images because of its thin layer.  
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Introduction  
Donkeys belong to the family Equidae 
and are similar to equines in many 
ways. However, there are a number of 
significant features peculiar to the don-
key that practitioners should be aware 
when attempting to investigate and treat 
respiratory diseases. These include 
differences in anatomy, physiology, 
pharmacokinetics, disease incidence 

Animal species of this issue 

 

The Greater Cane Rat or the Grass cutter 
(Thryonomys swinderianus) 

 
Kingdom: Animalia & Phylum: Chordata & Class: Mammalia & Order: Rodentia & Family: 

Thryonomyidae & Genus: Thryonomys & Species: T.swinderianus 

 

The Greater Cane Rat (Thryonomys swinderianus) is one of two species   of cane rats, a 
small family of African hystricognath rodents. It inhabits Africa, south of the Saharan 
Desert. The cane rat lives by reedbeds and riverbanks. 

Cane rats can grow about two feet long in the longest individuals and weighs a little less 
than 19 lb (8.6 kg). It has rounded ears, short nose, and coarse bristly hair. Its forefeet are 
smaller than its hindfeet and supports its weight on only three toes. Cane rats live in small 
groups led by a single male. They are nocturnal and make nests from grasses or burrow 
underground. The oldest cane rat can live more than four years. 

In the country of Ghana and other regions of West Africa, the Greater Cane Rat is usually 
called a grasscutter or cutting grass. In both West Africa and Southern Africa, it is 
considered a delicacy. As a consequence, "grasscutters" are beginning to be raised in 
cages for sale, and so are sometimes referred to as micro livestock. 
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and morbidity with certain infectious 
diseases. Worldwide there are an esti-
mated 44 million donkeys. Of these 
96% are found in the developing coun-
tries contributing significantly to the ru-
ral economy. While in Europe and in 
U.S.A. the absolute numbers of don-
keys are declining, their importance as 
companion animals is increasing. Thus, 
there is a need for equine practitioners 
to treat donkey patients in an informed 
and sensitive manner (Starkey 1997, 
Thiemann and Bell 2001). 

Computed tomography of the equine 
head is an established imaging tech-
nique that is becoming more commonly 
performed in most institutional and pri-
vate hospitals which incorporating CT 
units into their diagnostic services (So-
lano and Brawer 2004). The major ad-
vantage of CT over conventional radio-
graphs is lack of superimposition and 
enhanced demonstration of individual 
components of the skull. In addition, the 
regions of interest have high inherent 
radiographic contrast and CT provides 
clear, unobstructed images (Barbee et 
al., 1987 and Gibbs, 1999). 

In addition, computed tomography of 
the equine head is the ability to produce 
detailed cross-sectional images of the 
nasal cavity, paranasal sinuses, and 
brain case without superimposition of 
other anatomical structures (Hathcock 
and Stickle 1993, Solano and Brawer 
2004, Probst et al. 2005). The paranas-
al sinuses develop within facial and 
cranial bones. They communicate with 
one another and with the nasal cavity. 
Paranasal sinus surgery is commonly 
performed in equine practice (Tremaine 
2006). 

The aim of our work was to describe the 
anatomy of the nasal and paranasal 
sinuses of donkey and to produce an 
anatomic reference for computed tomo-

graphy of nasal and paranasal sinuses 
of donkey for use by radiologists, clini-
cians and veterinary students. 

Materials and Methods 

The anatomy of the donkey's nasal and 
paranasal sinuses was studied in seven 
heads and ten skulls using gross anat-
omy and CT scans. Relevant structures 
were documented and photographed.  
 

Gross anatomy  

Six donkey’s heads (4 fresh and 2 for-
malized) and 10 skulls were used for 
sagittal sections and anatomical cross 
sections.  
Anatomical cross sections were per-
formed on two donkey’s heads (one 
fresh and one frozen) by using table of 
a band saw and serial transverse sec-
tions were cut approximately 2cm apart 
beginning from the level of the nostrils 
until the level caudal to temporomandi-
bular joint. Slices were numbered and 
gently cleaned from debris with water 
and light brushing and were photo-
graphed immediately with the caudal 
and cranial surfaces of each slice facing 
the camera. The rest of the specimens 
were used for sagittal sections.  
 

CT scans  

One donkey’s head was used for CT 
scans after being bled. The head was 
removed from the level of the third cer-
vical vertebra and CT examination was 
performed on serially sectioned heads 
using the CT scanner (CT-W450-10A, 
HITACHI, Japan). The images taken 
were from the nostrils until the level 
caudal tempromandibular joint with 1 
cm intervals (scanning conditions: 130 
KV, 70 MA). 

 

 

Results  

The donkey's head had six pairs of si-
nuses, three paranasal; the frontal, 
maxillary and sphenopalatine sinuses 
and three nasal; dorsal, middle and 
ventral conchal sinuses.  

CT scans of the paranasal sinuses 
(Figs.3, 4, 5) obtained excellent bone 
window images of the fine bone and 
soft tissue architecture of the paranasal 
sinuses and nasal cavity. The relation-
ship between various air cavities was 
easily visualized. CT images with the 
most closely corresponding cadaver 
cross sections were selected. These 
sections are presented in a rostral to 
caudal progression from the level of the 
2nd premolar tooth to the level of the 
brain.  Both dorsal and ventral nasal 
conchae have medium density thick 
wall and spiral form (Figs.3/1&2), while 
the conchal sinuses have low density 
thin wall (Figs.3/5&6). The maxillary 
sinus appeared with low density and 
has high density structures; infraorbital 
canal, maxillary septum and bony spe-
cules (Figs.3/7, 17 &19). The frontal 
sinus has low density and contains 
high-density structures; frontal septum 
and bony specules (Fig.4/8 &27). Both 
sphenopalatine sinuses appeared as 
rectangular (Figs. 5/6).The following 
communications between the paranasal 
sinuses is identified in CT: The con-
chomaxillary opening connected the 
ventral conchal sinus with the rostral 
compartment of the maxillary sinus 
(Fig.3D &E, 10). The narrow nasomaxil-
lary opening connected both rostral and 
caudal maxillary sinuses with the middle 
nasal meatus (Fig.3C, D & E, 11). The 
sphenopalatinal opening communicated 
the sphenopalatine sinus with the 
caudal maxillary sinus and the smallest 
opening which connect the middle con-
chal sinus with the caudal maxillary si-
nus (Fig. 2B/35 &4A/29). The fronto-

maxillary opening located on the lateral 
floor of the frontal sinuses (Fig.3F/12, 
Fig.4A, 13). The paranasal lining is in-
visible in CT images because of its thin 
layer. 

Gross anatomy and CT of the para-
nasal sinuses: 

1) The Frontal Sinus 

The frontal sinus is air-filled spaces 
formed by the evagination of the frontal 
bones into the nasal cavity (Fig.1A/12, 
Fig.2B , C/1, Fig.5A, B &D/1).It is  trian-
gular in outline with its base medially 
situated. It is bounded dorsally by fron-
tal bone, ventrolaterally by medial wall 
of orbit, caudoventerally by cranium and 
rostroventerally by ethmoturbinates. 
The sinus continues rostrally with the 
dorsal conchal sinus forming the con-
chofrontal sinus (Fig.4A &C/4) that 
communicates directly with the caudal 
maxillary one by a large, oval or bean-
shaped frontomaxillary opening. This 
opening is about 4-5 cm length and 2.5- 
3.5 cm width (Fig.1A,C/15, Fig.3,F,L/12, 
Fig.4A,C/13), and is located in a dorsal 
plane slightly caudal to medial canthus 
of the eye. The frontomaxillary opening 
is at the level of the caudal third  of 
second molar tooth (Fig.3B/19) and ex-
tended 2-3 cm caudal to the last molar 
tooth on the lateral floor of the concho-
frontal sinus(Fig.3F,L/12). The left and 
right frontal sinuses are completely se-
parated by a thick midline bony septum 
(Fig.1A, C/13, Fig.3F,L/4, Fig.4B &C/8). 
There is  a convexity existed on the 
floor of the frontal sinus due to the 
presence of the underlying ethmoidal 
labyrinth (Fig.4B &C/3) and the cavity 
appears irregular due to the presence of 
several  bony specules  

1. a. Topography of frontal sinuses 
The sinus extended caudally to a line 
rostral to the temporomandibular joint 
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and morbidity with certain infectious 
diseases. Worldwide there are an esti-
mated 44 million donkeys. Of these 
96% are found in the developing coun-
tries contributing significantly to the ru-
ral economy. While in Europe and in 
U.S.A. the absolute numbers of don-
keys are declining, their importance as 
companion animals is increasing. Thus, 
there is a need for equine practitioners 
to treat donkey patients in an informed 
and sensitive manner (Starkey 1997, 
Thiemann and Bell 2001). 

Computed tomography of the equine 
head is an established imaging tech-
nique that is becoming more commonly 
performed in most institutional and pri-
vate hospitals which incorporating CT 
units into their diagnostic services (So-
lano and Brawer 2004). The major ad-
vantage of CT over conventional radio-
graphs is lack of superimposition and 
enhanced demonstration of individual 
components of the skull. In addition, the 
regions of interest have high inherent 
radiographic contrast and CT provides 
clear, unobstructed images (Barbee et 
al., 1987 and Gibbs, 1999). 

In addition, computed tomography of 
the equine head is the ability to produce 
detailed cross-sectional images of the 
nasal cavity, paranasal sinuses, and 
brain case without superimposition of 
other anatomical structures (Hathcock 
and Stickle 1993, Solano and Brawer 
2004, Probst et al. 2005). The paranas-
al sinuses develop within facial and 
cranial bones. They communicate with 
one another and with the nasal cavity. 
Paranasal sinus surgery is commonly 
performed in equine practice (Tremaine 
2006). 

The aim of our work was to describe the 
anatomy of the nasal and paranasal 
sinuses of donkey and to produce an 
anatomic reference for computed tomo-

graphy of nasal and paranasal sinuses 
of donkey for use by radiologists, clini-
cians and veterinary students. 

Materials and Methods 

The anatomy of the donkey's nasal and 
paranasal sinuses was studied in seven 
heads and ten skulls using gross anat-
omy and CT scans. Relevant structures 
were documented and photographed.  
 

Gross anatomy  

Six donkey’s heads (4 fresh and 2 for-
malized) and 10 skulls were used for 
sagittal sections and anatomical cross 
sections.  
Anatomical cross sections were per-
formed on two donkey’s heads (one 
fresh and one frozen) by using table of 
a band saw and serial transverse sec-
tions were cut approximately 2cm apart 
beginning from the level of the nostrils 
until the level caudal to temporomandi-
bular joint. Slices were numbered and 
gently cleaned from debris with water 
and light brushing and were photo-
graphed immediately with the caudal 
and cranial surfaces of each slice facing 
the camera. The rest of the specimens 
were used for sagittal sections.  
 

CT scans  

One donkey’s head was used for CT 
scans after being bled. The head was 
removed from the level of the third cer-
vical vertebra and CT examination was 
performed on serially sectioned heads 
using the CT scanner (CT-W450-10A, 
HITACHI, Japan). The images taken 
were from the nostrils until the level 
caudal tempromandibular joint with 1 
cm intervals (scanning conditions: 130 
KV, 70 MA). 
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nuses, three paranasal; the frontal, 
maxillary and sphenopalatine sinuses 
and three nasal; dorsal, middle and 
ventral conchal sinuses.  

CT scans of the paranasal sinuses 
(Figs.3, 4, 5) obtained excellent bone 
window images of the fine bone and 
soft tissue architecture of the paranasal 
sinuses and nasal cavity. The relation-
ship between various air cavities was 
easily visualized. CT images with the 
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cross sections were selected. These 
sections are presented in a rostral to 
caudal progression from the level of the 
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brain.  Both dorsal and ventral nasal 
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wall and spiral form (Figs.3/1&2), while 
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lary opening connected both rostral and 
caudal maxillary sinuses with the middle 
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sphenopalatinal opening communicated 
the sphenopalatine sinus with the 
caudal maxillary sinus and the smallest 
opening which connect the middle con-
chal sinus with the caudal maxillary si-
nus (Fig. 2B/35 &4A/29). The fronto-

maxillary opening located on the lateral 
floor of the frontal sinuses (Fig.3F/12, 
Fig.4A, 13). The paranasal lining is in-
visible in CT images because of its thin 
layer. 

Gross anatomy and CT of the para-
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The frontal sinus is air-filled spaces 
formed by the evagination of the frontal 
bones into the nasal cavity (Fig.1A/12, 
Fig.2B , C/1, Fig.5A, B &D/1).It is  trian-
gular in outline with its base medially 
situated. It is bounded dorsally by fron-
tal bone, ventrolaterally by medial wall 
of orbit, caudoventerally by cranium and 
rostroventerally by ethmoturbinates. 
The sinus continues rostrally with the 
dorsal conchal sinus forming the con-
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communicates directly with the caudal 
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opening is about 4-5 cm length and 2.5- 
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is at the level of the caudal third  of 
second molar tooth (Fig.3B/19) and ex-
tended 2-3 cm caudal to the last molar 
tooth on the lateral floor of the concho-
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right frontal sinuses are completely se-
parated by a thick midline bony septum 
(Fig.1A, C/13, Fig.3F,L/4, Fig.4B &C/8). 
There is  a convexity existed on the 
floor of the frontal sinus due to the 
presence of the underlying ethmoidal 
labyrinth (Fig.4B &C/3) and the cavity 
appears irregular due to the presence of 
several  bony specules  

1. a. Topography of frontal sinuses 
The sinus extended caudally to a line 
rostral to the temporomandibular joint 
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and passing on the level of the caudal 
border of supraorbital process (Fig.1A). 
Rostrally, the conchal part of the frontal 
sinuses extended to the point of the 
nasal bones divergence towards the 
orbit, rostral to the nasofrontal suture. 
The topographical limits of frontal sinus 
were determined by a line indicated the 
lateral limit of sinus from the nasoinci-
sive notch to the base of the ear pass-
ing through the medial angle of the eye 
and the supraorbital foramen. Actually a 
line, 18-20 cm in length starts from the 
caudal border of the supraorbital pro-
cess until the nasoincisive notch 
(Fig.1A/A). On the other hand, a line 
approximately through the midline of the 
head was the medial limit of sinus 
(Fig.1A/B). The caudal limit of sinus 
was determined by transverse line, 
about 5-6 cm long, passing through the 
middle of the zygomatic arch from the 
caudal border of the supraorbital 
process to the midline of head 
(Fig.1A/C). The rostral limit of the sinus 
was indicated by a line, about 3-4 cm 
long, passes through the halfway dis-
tance between the medial angle of the 
eye and the end of the facial crest 
(Fig.1A/D). The widest part of frontal 
sinus lies midway between the supraor-
bital foramen and the medial canthus of 
the eye.  
 
1. b. Clinical Importance 

A surgical frontonasal flap recommend-
ed to approach the interior of the frontal 
sinus is at an area between the two 
lines, the caudal line passing midway 
between the supraorbital foramen and 
the medial canthus of the eye to a point 
about 1.5 cm away from the medial as-
pect of the orbital rim toward the midline 
(Fig.1E/24). The rostral line is parallel to 
the caudal line and 1.5-2 cm caudal to 
where the nasal bone begins to diverge 
(Fig.1E/25) or rostral to the medial can-
thus by 4 cm, this line extends laterally 

from the midline to an imaginary line 
drawn between the medial canthus of 
the eye and the nasoincisive notch. 
Then connected the lateral extent of the 
caudal and rostral lines by lateral seg-
ment (Fig.1 D /31), to create the flap, a 
three-sided, rectangular with slightly 
rounded corners. The approach should 
avoid crossing the nasolacrimal duct, 
which coursed between the medial can-
thus of the eye and the nasoincisive 
notch. 

2. The maxillary sinuses 

The maxillary sinuses were air-filled 
spaces formed by the evagination of the 
maxillary, lacrimal and zygomatic bones 
and communicated directly with the 
nasal cavity. They were divided into 
rostral and caudal compartments by a 
thin incomplete bony septum 
(Fig.1B&D/18&3F&I/17), the dorsal part 
of the septum is formed by the bulla of 
the ventral conchal sinus (Fig.2A&B/25, 
Fig.3I/18). This septum angled obliquely 
caudally and its rostral aspect can vary 
in position, usually across the roots of 
the second and third molar teeth, ap-
proximately 4-5 cm caudal to the rostral 
end of the facial crest. In the present 
study, most of the cases have a low 
septum of about 1.5 cm high. Only in 
one case, the septum was 3 cm high 
and was absence in three other cases. 
The depth of the sinus in animals over 8 
years of age was about 4-5.5 cm, while 
at 5 years was about 2.5-3.5 cm. There 
are bony specules (Fig.3H/19&4 A/27) 
which subdivided the cavity of rostral 
and caudal parts of the maxillary sinus 
into several loculea. 

The caudal maxillary sinus was par-
tially divided into medial (Fig.1B/17, 
Fig.2B/28`) and lateral (Fig.1B&C/14, 
Fig.2 B/28, Fig.3F & L/9) compartments 
by the infraorbital canal (Fig.2B 
/31&3F/7) that run longitudinally through 

 

 

the maxillary sinuses. These two parts 
being in free communication over the 
canal. The lateral roots of the last pre-
molar and 1st molar were embedded in 
the rostral maxillary sinus in the 5-year 
old donkeys, while the roots of the 2nd 
and 3rd maxillary molars were embed-
ded in the caudal maxillary sinus. Up to 
8-years old donkeys, the maxillary sinus 
increases in size and extends to the 
level of the rostral root of the last pre-
molar. The last premolar and 1st and 2nd 
molars were embedded in the rostral 
maxillary sinus, while the roots of the 3rd 
(Fig.2B/41) maxillary molar tooth were 
embedded in the caudal maxillary sinus. 
By the advance in age, the premolars 
roots become separated from maxillary 
sinus by a thin plate of bone (Fig.1 D 
/33). 

Both rostral and caudal maxillary sinus-
es are connected with the middle nasal 
meatus via a slit-like nasomaxillary 
opening (Fig.1B/21, Fig.2A /27 & 3D & 
E/II) which is the narrowest communi-
cating opening located at the level from 
middle of 1st molar tooth to rostral third 
of the 3rd molar tooth. The opening 
measured 3.5-4 cm length and 0.1-0.2 
cm width. The caudal maxillary sinus is 
communicated with the sphenopalatine 
and middle conchal sinuses. 

The rostral maxillary sinus is smaller 
than the capacious caudal maxillary 
sinus. It is communicated with the ven-
tral conchal sinus via the wide concho-
maxillary opening (Fig. 1B/22, Fig.2B/26 
& Fig.3D, E, K/10), dorsal to the infraor-
bital canal (Fig.1B/20, Fig.3D, E, K/7). 
The opening lies at the level of the ro-
stral part of first molar to caudal part of 
the 2nd molar tooth. It measured about 
4.4-5 cm length and 0.3-0.4 cm width. 

2. a. Topography of maxillary sinus-
es 

The dorsal margin of the maxillary sinus 
was clinically described by an imaginary 
line joining a point, about 4 cm, caudal 
to the medial canthus of the eye, to the 
nasoincisive notch (Fig.1B/E). The ro-
stral border of the maxillary sinus lies at 
the level of the third premolar tooth and 
is represented by a vertical line which 
go through a point located about 1.5 cm 
rostral to the lower end of the facial 
crest (Fig.1B/G). Caudally the sinus was 
determined by a vertical line through the 
supraorbital process (Fig.1B/H), indicat-
ing that the cavity extended for about 
4cm below the orbit. The ventral margin 
of the sinus was about 1-1.5 cm ventral 
to the facial crest (Fig.1B/F), where the 
facial crest was not the ventral limit of 
the sinus but it is considered the ventral 
practical limit.  

2. b. Clinical importance 

The approach to the interior of the 
caudal maxillary sinus (Fig.1F/28) is at 
area above the level of the facial crest 
by about 1cm, about 1.5cm rostral to 
orbit and about 1cm ventral to the na-
soincisive notch medial canthus of the 
eye line that considered the course of 
the nasolacrimal duct.  

Approach to the interior of the rostral 
maxillary sinus (Fig.1F /29) is at area 
about 1.5 cm upward from the facial 
crest toward the midline and 1.5 cm 
from the rostral end of the facial crest 
(Fig.1E/8). Standard diagnostic tech-
niques are appropriate; although with 
the shorter length of the facial crest, 
about 10 cm, it was appropriate to use a 
small trephine opening (1-1.5 cm) for 
access to the rostral and caudal maxil-
lary sinuses. 

3. The sphenopalatine sinuses 

The sphenopalatine sinuses were exca-
vated in the palatine and sphenoid 
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and passing on the level of the caudal 
border of supraorbital process (Fig.1A). 
Rostrally, the conchal part of the frontal 
sinuses extended to the point of the 
nasal bones divergence towards the 
orbit, rostral to the nasofrontal suture. 
The topographical limits of frontal sinus 
were determined by a line indicated the 
lateral limit of sinus from the nasoinci-
sive notch to the base of the ear pass-
ing through the medial angle of the eye 
and the supraorbital foramen. Actually a 
line, 18-20 cm in length starts from the 
caudal border of the supraorbital pro-
cess until the nasoincisive notch 
(Fig.1A/A). On the other hand, a line 
approximately through the midline of the 
head was the medial limit of sinus 
(Fig.1A/B). The caudal limit of sinus 
was determined by transverse line, 
about 5-6 cm long, passing through the 
middle of the zygomatic arch from the 
caudal border of the supraorbital 
process to the midline of head 
(Fig.1A/C). The rostral limit of the sinus 
was indicated by a line, about 3-4 cm 
long, passes through the halfway dis-
tance between the medial angle of the 
eye and the end of the facial crest 
(Fig.1A/D). The widest part of frontal 
sinus lies midway between the supraor-
bital foramen and the medial canthus of 
the eye.  
 
1. b. Clinical Importance 

A surgical frontonasal flap recommend-
ed to approach the interior of the frontal 
sinus is at an area between the two 
lines, the caudal line passing midway 
between the supraorbital foramen and 
the medial canthus of the eye to a point 
about 1.5 cm away from the medial as-
pect of the orbital rim toward the midline 
(Fig.1E/24). The rostral line is parallel to 
the caudal line and 1.5-2 cm caudal to 
where the nasal bone begins to diverge 
(Fig.1E/25) or rostral to the medial can-
thus by 4 cm, this line extends laterally 

from the midline to an imaginary line 
drawn between the medial canthus of 
the eye and the nasoincisive notch. 
Then connected the lateral extent of the 
caudal and rostral lines by lateral seg-
ment (Fig.1 D /31), to create the flap, a 
three-sided, rectangular with slightly 
rounded corners. The approach should 
avoid crossing the nasolacrimal duct, 
which coursed between the medial can-
thus of the eye and the nasoincisive 
notch. 

2. The maxillary sinuses 

The maxillary sinuses were air-filled 
spaces formed by the evagination of the 
maxillary, lacrimal and zygomatic bones 
and communicated directly with the 
nasal cavity. They were divided into 
rostral and caudal compartments by a 
thin incomplete bony septum 
(Fig.1B&D/18&3F&I/17), the dorsal part 
of the septum is formed by the bulla of 
the ventral conchal sinus (Fig.2A&B/25, 
Fig.3I/18). This septum angled obliquely 
caudally and its rostral aspect can vary 
in position, usually across the roots of 
the second and third molar teeth, ap-
proximately 4-5 cm caudal to the rostral 
end of the facial crest. In the present 
study, most of the cases have a low 
septum of about 1.5 cm high. Only in 
one case, the septum was 3 cm high 
and was absence in three other cases. 
The depth of the sinus in animals over 8 
years of age was about 4-5.5 cm, while 
at 5 years was about 2.5-3.5 cm. There 
are bony specules (Fig.3H/19&4 A/27) 
which subdivided the cavity of rostral 
and caudal parts of the maxillary sinus 
into several loculea. 

The caudal maxillary sinus was par-
tially divided into medial (Fig.1B/17, 
Fig.2B/28`) and lateral (Fig.1B&C/14, 
Fig.2 B/28, Fig.3F & L/9) compartments 
by the infraorbital canal (Fig.2B 
/31&3F/7) that run longitudinally through 

 

 

the maxillary sinuses. These two parts 
being in free communication over the 
canal. The lateral roots of the last pre-
molar and 1st molar were embedded in 
the rostral maxillary sinus in the 5-year 
old donkeys, while the roots of the 2nd 
and 3rd maxillary molars were embed-
ded in the caudal maxillary sinus. Up to 
8-years old donkeys, the maxillary sinus 
increases in size and extends to the 
level of the rostral root of the last pre-
molar. The last premolar and 1st and 2nd 
molars were embedded in the rostral 
maxillary sinus, while the roots of the 3rd 
(Fig.2B/41) maxillary molar tooth were 
embedded in the caudal maxillary sinus. 
By the advance in age, the premolars 
roots become separated from maxillary 
sinus by a thin plate of bone (Fig.1 D 
/33). 

Both rostral and caudal maxillary sinus-
es are connected with the middle nasal 
meatus via a slit-like nasomaxillary 
opening (Fig.1B/21, Fig.2A /27 & 3D & 
E/II) which is the narrowest communi-
cating opening located at the level from 
middle of 1st molar tooth to rostral third 
of the 3rd molar tooth. The opening 
measured 3.5-4 cm length and 0.1-0.2 
cm width. The caudal maxillary sinus is 
communicated with the sphenopalatine 
and middle conchal sinuses. 

The rostral maxillary sinus is smaller 
than the capacious caudal maxillary 
sinus. It is communicated with the ven-
tral conchal sinus via the wide concho-
maxillary opening (Fig. 1B/22, Fig.2B/26 
& Fig.3D, E, K/10), dorsal to the infraor-
bital canal (Fig.1B/20, Fig.3D, E, K/7). 
The opening lies at the level of the ro-
stral part of first molar to caudal part of 
the 2nd molar tooth. It measured about 
4.4-5 cm length and 0.3-0.4 cm width. 

2. a. Topography of maxillary sinus-
es 

The dorsal margin of the maxillary sinus 
was clinically described by an imaginary 
line joining a point, about 4 cm, caudal 
to the medial canthus of the eye, to the 
nasoincisive notch (Fig.1B/E). The ro-
stral border of the maxillary sinus lies at 
the level of the third premolar tooth and 
is represented by a vertical line which 
go through a point located about 1.5 cm 
rostral to the lower end of the facial 
crest (Fig.1B/G). Caudally the sinus was 
determined by a vertical line through the 
supraorbital process (Fig.1B/H), indicat-
ing that the cavity extended for about 
4cm below the orbit. The ventral margin 
of the sinus was about 1-1.5 cm ventral 
to the facial crest (Fig.1B/F), where the 
facial crest was not the ventral limit of 
the sinus but it is considered the ventral 
practical limit.  

2. b. Clinical importance 

The approach to the interior of the 
caudal maxillary sinus (Fig.1F/28) is at 
area above the level of the facial crest 
by about 1cm, about 1.5cm rostral to 
orbit and about 1cm ventral to the na-
soincisive notch medial canthus of the 
eye line that considered the course of 
the nasolacrimal duct.  

Approach to the interior of the rostral 
maxillary sinus (Fig.1F /29) is at area 
about 1.5 cm upward from the facial 
crest toward the midline and 1.5 cm 
from the rostral end of the facial crest 
(Fig.1E/8). Standard diagnostic tech-
niques are appropriate; although with 
the shorter length of the facial crest, 
about 10 cm, it was appropriate to use a 
small trephine opening (1-1.5 cm) for 
access to the rostral and caudal maxil-
lary sinuses. 

3. The sphenopalatine sinuses 

The sphenopalatine sinuses were exca-
vated in the palatine and sphenoid 
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bones ventromedial to the orbit and 
ventral to forebrain (Fig.2C/5, Fig.4B/28 
& 5A, B, C, E & F/6). The septum divid-
ing the left and right sphenoidal sinuses 
was found in all cases, however, not 
frequently in the midline (Fig.5C& F/7). 
The sphenoidal and palatine sinuses 
are communicated to each other. The 
dorsal and lateral walls of the spheno-
palatine sinus are thin. It is communi-
cated with the caudal maxillary sinus via 
the sphenopalatinal opening, which is 
the most caudal opening of the maxil-
lary sinus; the opening appeared sagit-
tal oblique located between the caudal 
origin of the infraorbital canal and the 
pterygopalatine fossa caudal to the 
roots of the last molar tooth. It meas-
ured 1.5 to 2 cm in length and 0.8 to 1 
cm in width (Fig. 4A & B/23). 

Gross anatomy and CT of the nasal 
sinuses: 

The dorsal, middle and ventral conchal 
sinuses are enclosed within the nasal 
conchae. 

The dorsal conchal sinuses are en-
closed within the caudal portion of the 
dorsal nasal concha and are laid ro-
stromedial to the orbit. It extends from 
the level of the caudal third of 1st molar 
to 3rd molar teeth. The rostral portion of 
the dorsal nasal concha was the scrolls, 
surrounding recesses of the nasal cavi-
ty (Fig.1C/30, Fig.2A/2 & Fig. 3E, F, 
L/5).  

The middle conchal sinuses are en-
closed within the middle nasal concha. 
The latter is located between the eth-
moidal labyrinth and dorsal nasal sinus 
and appeared oval in C.T (Fig 2C/4 & 
Fig 4A & B /6). It is connected with the 
caudal maxillary sinus by small oval 
opening  measuring 0.4 cm long and 
0.2 cm wide (Fig 2B/35 & 4A/29).  

The ventral conchal sinuses (Fig 2C/3 
& Fig 3D, H/6)) are enclosed within the 
caudal portion of the ventral nasal con-
cha (Fig.2D/14, Fig.3D, G, H/28). The 
rostral portion of ventral nasal concha 
forms scrolls surrounding recesses. It 
extended from the level of the 1ST molar 
to the rostral part of 3rd molar tooth. The 
ventral conchal sinuses form the medial 
compartment of the rostral maxillary 
sinus. The ventral conchal sinuses drain 
dorsally over the infraorbital canal into 
the rostral aspect of the rostral maxillary 
sinus via a narrow conchomaxillary 
opening. The caudal portion of the ven-
tral conchal sinus formed the bulla of 
the ventral nasal concha. 

Discussion 

The current work on paranasal sinuses 
could be used as a reference aid in CT 
imaging diagnosis of donkey’s head 
disorders and in understanding the 
complex anatomy of paranasal sinuses 
of donkeys.  The nasal cavity and para-
nasal sinuses have good image con-
trast in CT because of the adjacent air 
and bone, a bone window is necessary 
to differentiate bone from mucous 
membranes. On the other hand, in a 
soft-tissue window, bone and mucosa 
will appear as a homogeneous area, 
whereas the real thickness of each 
structure will be masked this is in a line 
with that recorded by Morrow et al. 
(2000) in horse. CT is superior for 
transverse imaging the equine skull that 
allows proper three-dimensional orien-
tation and extension, location, and size 
of pathologies this is in a line with that 
recorded by Henninger et al. (2003) and 
Probst et al. (2005) in horse. The com-
munications between the paranasal 
sinuses were detectable in CT and 
gross anatomy; however, the number, 
description, definition, and nomencla-
ture of the openings are different in var-
ious anatomic papers and textbooks 

 

 

Nickel et al. (1973), Kainer (1993), Mor-
row et al. (2000) and Probst et al. 
(2005) in horse. The lining of the para-
nasal sinuses was invisible in CT im-
ages of donkeys head; this was similar 
to that recorded by Probst et al. (2005) 
in horse. 

Frontal sinus was triangular in shape 
united rostrally with the dorsal conchal 
sinus forming conchofrontal sinus, simi-
lar to that described by Nickel et al. 
(1973) in horse .A surgical frontonasal 
flap recommended to approach to the 
interior of the frontal sinus, created over 
the conchofrontal sinus in a manner 
similar to that described by Schumacher 
and Perkins (2005) in horse. Moreover, 
through a frontonasal flap we can ex-
plore of the frontal, maxillary and the 
ventral conchal sinuses 

In our study the maxillary sinus had in-
complete bony septum which varied in 
its position and height. Omar et al. 
(1985) in donkey reported its absence 
in the same animal species. On the 
contrary, it has complete septum in 
horse (Budras et al., 2001, Tremaine 
and Dixon, 2002 and Probst et al., 
2005). In the present investigation, it 
was observed that the roots of the 2nd 
and 3rd maxillary molar teeth were em-
bedded in the caudal maxillary sinus in 
a 5-year old donkey, while up to 8 years 
old the third maxillary molar tooth was 
embedded in the caudal maxillary sinus, 
this was similar to that stated by Amin 
and Kassem (1987) in donkey. Surgical 
approach to the frontal and maxillary 
sinuses provided a good debridement of 
the sinuses, in addition to the maxillary 
sinus approach considered the best 
way for repulsion of the 3rd maxillary 
molar tooth because the oral extraction 
of the 3rd maxillary molar tooth was dif-
ficult due to the exposed crown has low 
profile and the space between molar 
teeth was limited and its root resided 

within the caudal maxillary sinus, this is 
in agreement with the previously rec-
orded by Boutros and Koenig (2001) in 
horse. 

The maxillary sinus approach in don-
keys faced two problems; the first prob-
lem was the short length of the facial 
crest (about 10 cm), which needed a 
small trephine (1-1.5cm) to access the 
rostral and caudal maxillary sinuses. 
These results were in the same line of 
that stated by Nouh (1991) and Makady 
(1992) in donkey, Thiemann, and Bell 
(2001) in horse. The second problem 
was the infraorbital canal that run longi-
tudinally through the caudal maxillary 
sinus and divided it into medial and lat-
eral compartments, so to avoid the frac-
ture of this canal the trephine should be 
about 1 cm ventral to the nasoincisive 
notch and at the medial canthus of the 
eye. This is in a line with that recorded 
by Tremaine and Dixon (2002) in horse. 
Omer et al. (1985) described the site of 
trephining in the maxillary sinus by in-
tersection of two imaginary lines, the 
first line connects the lacrimal tubercle 
and rostral end of facial crest and the 
second line runs between lateral can-
thus of eye and the infraorbital foramen.  
We suggested two sites for trephining 
the maxillary sinus (in its rostral and 
caudal parts) instead of one, even with 
absence of the septum in the maxillary 
sinus due to its caudal extension under 
the orbit and the presence of bony 
plates and specules.      
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bones ventromedial to the orbit and 
ventral to forebrain (Fig.2C/5, Fig.4B/28 
& 5A, B, C, E & F/6). The septum divid-
ing the left and right sphenoidal sinuses 
was found in all cases, however, not 
frequently in the midline (Fig.5C& F/7). 
The sphenoidal and palatine sinuses 
are communicated to each other. The 
dorsal and lateral walls of the spheno-
palatine sinus are thin. It is communi-
cated with the caudal maxillary sinus via 
the sphenopalatinal opening, which is 
the most caudal opening of the maxil-
lary sinus; the opening appeared sagit-
tal oblique located between the caudal 
origin of the infraorbital canal and the 
pterygopalatine fossa caudal to the 
roots of the last molar tooth. It meas-
ured 1.5 to 2 cm in length and 0.8 to 1 
cm in width (Fig. 4A & B/23). 

Gross anatomy and CT of the nasal 
sinuses: 

The dorsal, middle and ventral conchal 
sinuses are enclosed within the nasal 
conchae. 

The dorsal conchal sinuses are en-
closed within the caudal portion of the 
dorsal nasal concha and are laid ro-
stromedial to the orbit. It extends from 
the level of the caudal third of 1st molar 
to 3rd molar teeth. The rostral portion of 
the dorsal nasal concha was the scrolls, 
surrounding recesses of the nasal cavi-
ty (Fig.1C/30, Fig.2A/2 & Fig. 3E, F, 
L/5).  

The middle conchal sinuses are en-
closed within the middle nasal concha. 
The latter is located between the eth-
moidal labyrinth and dorsal nasal sinus 
and appeared oval in C.T (Fig 2C/4 & 
Fig 4A & B /6). It is connected with the 
caudal maxillary sinus by small oval 
opening  measuring 0.4 cm long and 
0.2 cm wide (Fig 2B/35 & 4A/29).  

The ventral conchal sinuses (Fig 2C/3 
& Fig 3D, H/6)) are enclosed within the 
caudal portion of the ventral nasal con-
cha (Fig.2D/14, Fig.3D, G, H/28). The 
rostral portion of ventral nasal concha 
forms scrolls surrounding recesses. It 
extended from the level of the 1ST molar 
to the rostral part of 3rd molar tooth. The 
ventral conchal sinuses form the medial 
compartment of the rostral maxillary 
sinus. The ventral conchal sinuses drain 
dorsally over the infraorbital canal into 
the rostral aspect of the rostral maxillary 
sinus via a narrow conchomaxillary 
opening. The caudal portion of the ven-
tral conchal sinus formed the bulla of 
the ventral nasal concha. 

Discussion 

The current work on paranasal sinuses 
could be used as a reference aid in CT 
imaging diagnosis of donkey’s head 
disorders and in understanding the 
complex anatomy of paranasal sinuses 
of donkeys.  The nasal cavity and para-
nasal sinuses have good image con-
trast in CT because of the adjacent air 
and bone, a bone window is necessary 
to differentiate bone from mucous 
membranes. On the other hand, in a 
soft-tissue window, bone and mucosa 
will appear as a homogeneous area, 
whereas the real thickness of each 
structure will be masked this is in a line 
with that recorded by Morrow et al. 
(2000) in horse. CT is superior for 
transverse imaging the equine skull that 
allows proper three-dimensional orien-
tation and extension, location, and size 
of pathologies this is in a line with that 
recorded by Henninger et al. (2003) and 
Probst et al. (2005) in horse. The com-
munications between the paranasal 
sinuses were detectable in CT and 
gross anatomy; however, the number, 
description, definition, and nomencla-
ture of the openings are different in var-
ious anatomic papers and textbooks 

 

 

Nickel et al. (1973), Kainer (1993), Mor-
row et al. (2000) and Probst et al. 
(2005) in horse. The lining of the para-
nasal sinuses was invisible in CT im-
ages of donkeys head; this was similar 
to that recorded by Probst et al. (2005) 
in horse. 

Frontal sinus was triangular in shape 
united rostrally with the dorsal conchal 
sinus forming conchofrontal sinus, simi-
lar to that described by Nickel et al. 
(1973) in horse .A surgical frontonasal 
flap recommended to approach to the 
interior of the frontal sinus, created over 
the conchofrontal sinus in a manner 
similar to that described by Schumacher 
and Perkins (2005) in horse. Moreover, 
through a frontonasal flap we can ex-
plore of the frontal, maxillary and the 
ventral conchal sinuses 

In our study the maxillary sinus had in-
complete bony septum which varied in 
its position and height. Omar et al. 
(1985) in donkey reported its absence 
in the same animal species. On the 
contrary, it has complete septum in 
horse (Budras et al., 2001, Tremaine 
and Dixon, 2002 and Probst et al., 
2005). In the present investigation, it 
was observed that the roots of the 2nd 
and 3rd maxillary molar teeth were em-
bedded in the caudal maxillary sinus in 
a 5-year old donkey, while up to 8 years 
old the third maxillary molar tooth was 
embedded in the caudal maxillary sinus, 
this was similar to that stated by Amin 
and Kassem (1987) in donkey. Surgical 
approach to the frontal and maxillary 
sinuses provided a good debridement of 
the sinuses, in addition to the maxillary 
sinus approach considered the best 
way for repulsion of the 3rd maxillary 
molar tooth because the oral extraction 
of the 3rd maxillary molar tooth was dif-
ficult due to the exposed crown has low 
profile and the space between molar 
teeth was limited and its root resided 

within the caudal maxillary sinus, this is 
in agreement with the previously rec-
orded by Boutros and Koenig (2001) in 
horse. 

The maxillary sinus approach in don-
keys faced two problems; the first prob-
lem was the short length of the facial 
crest (about 10 cm), which needed a 
small trephine (1-1.5cm) to access the 
rostral and caudal maxillary sinuses. 
These results were in the same line of 
that stated by Nouh (1991) and Makady 
(1992) in donkey, Thiemann, and Bell 
(2001) in horse. The second problem 
was the infraorbital canal that run longi-
tudinally through the caudal maxillary 
sinus and divided it into medial and lat-
eral compartments, so to avoid the frac-
ture of this canal the trephine should be 
about 1 cm ventral to the nasoincisive 
notch and at the medial canthus of the 
eye. This is in a line with that recorded 
by Tremaine and Dixon (2002) in horse. 
Omer et al. (1985) described the site of 
trephining in the maxillary sinus by in-
tersection of two imaginary lines, the 
first line connects the lacrimal tubercle 
and rostral end of facial crest and the 
second line runs between lateral can-
thus of eye and the infraorbital foramen.  
We suggested two sites for trephining 
the maxillary sinus (in its rostral and 
caudal parts) instead of one, even with 
absence of the septum in the maxillary 
sinus due to its caudal extension under 
the orbit and the presence of bony 
plates and specules.      
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Fig (1): Topography of frontal and maxillary sinuses of the donkey skulls (A, B, 5 

years, C&D 12 years)  and head of donkey (E& F).  

1, nasoincisive notch; 2, medial angle of the eye; 3, supraorbital foramen; 4, caudal border of su-

praorbital process; 5, zygomatic arch; 6, midline of skull; 7, facial crest; 8, the end of facial crest; 

9, frontal bone; 10, nasal bone; 11, orbit; 12,frontal sinus; 13, frontal septum between right and left 

frontal sinuses; 14, lateral compartment of caudal maxillary sinus; 15, frontomaxillary opening; 16, 

rostral maxillary sinus; 17, medial compartment of caudal maxillary sinus; 18, maxillary septum  

between rostral and caudal maxillary sinuses; 19, infraorbital foramen; 20, infraorbital canal; 21, 

nasomaxillary opening; 22, conchomaxillary opening; 23, maxillary bone; 24, dotted line indicated 

the caudal approach line of conchofrontal sinus; 25, dotted line indicated the rostral approach line 

of conchofrontal sinus; 26, 2nd maxillary molar tooth; 27, 3rd maxillary molar tooth; 28, site of ap-

proach of caudal maxillary sinus; 29, site of approach of rostral maxillary sinus; 30,dorsal conchal 

sinus; 31,the lateral segment  connected the lateral extent of the caudal and rostral lines; 32, bulla 

of ventral nasal conchal sinus(opened); 33, bony plate;  A, lateral limit of frontal sinus; B, medial 

limit of frontal sinus; C, caudal limit of frontal sinus; D, rostral limit of frontal sinus; E, dorsal limit of 

maxillary sinus; F, ventral limit of maxillary sinus; G, rostral limit of maxillary sinus; H, caudal limit 

of maxillary sinus. 
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Fig (1): Topography of frontal and maxillary sinuses of the donkey skulls (A, B, 5 

years, C&D 12 years)  and head of donkey (E& F).  

1, nasoincisive notch; 2, medial angle of the eye; 3, supraorbital foramen; 4, caudal border of su-

praorbital process; 5, zygomatic arch; 6, midline of skull; 7, facial crest; 8, the end of facial crest; 

9, frontal bone; 10, nasal bone; 11, orbit; 12,frontal sinus; 13, frontal septum between right and left 

frontal sinuses; 14, lateral compartment of caudal maxillary sinus; 15, frontomaxillary opening; 16, 

rostral maxillary sinus; 17, medial compartment of caudal maxillary sinus; 18, maxillary septum  

between rostral and caudal maxillary sinuses; 19, infraorbital foramen; 20, infraorbital canal; 21, 

nasomaxillary opening; 22, conchomaxillary opening; 23, maxillary bone; 24, dotted line indicated 

the caudal approach line of conchofrontal sinus; 25, dotted line indicated the rostral approach line 

of conchofrontal sinus; 26, 2nd maxillary molar tooth; 27, 3rd maxillary molar tooth; 28, site of ap-

proach of caudal maxillary sinus; 29, site of approach of rostral maxillary sinus; 30,dorsal conchal 

sinus; 31,the lateral segment  connected the lateral extent of the caudal and rostral lines; 32, bulla 

of ventral nasal conchal sinus(opened); 33, bony plate;  A, lateral limit of frontal sinus; B, medial 

limit of frontal sinus; C, caudal limit of frontal sinus; D, rostral limit of frontal sinus; E, dorsal limit of 

maxillary sinus; F, ventral limit of maxillary sinus; G, rostral limit of maxillary sinus; H, caudal limit 

of maxillary sinus. 
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Fig (2): Sagittal sections (A, B 12 years &C 8 years) of the head of the donkeys.         

1, frontal sinus; 2, dorsal conchal sinus; 3, ventral conchal sinus; 4, middle conchal sinus; 5, 

sphenopalatine sinus; 6, ethmoidal turbinate; 7, bulla of the dorsal nasal concha; 8, bulla of the 

ventral nasal concha; 9, septum of ventral  nasal concha; 10, septum of dorsal nasal concha; 11, 

straight fold; 12, alar fold; 13, basal fold;14,  dorsal nasal meatus; 15,middle nasal meatus; 16, 

ventral nasal meatus; 17, hard palate; 18, soft palate; 19, frontal bone; 20,nasal bone; 21,pharynx; 

22,frontomaxillary opening; 23, infraorbital nerve; 24, maxillary bone; 25,bulla of ventral nasal 

conchal sinus; 26, conchomaxillary opening; 27, nasomaxillary opening; 28, lateral part of caudal 

maxillary sinus; 28´,  medial part of caudal maxillary sinus; 29, rostral maxillary sinus; 30 , maxil-

lary septum;31, infraorbital canal; 32,nasolacrimal duct; 33,sphenopalatine opening; 34, frontal 

septum; 35, opening  of middle nasal  conchal  sinus into caudal maxillary sinus; 36,1st maxillary 

premolar tooth; 37, 2nd maxillary premolar; 38, 3rd maxillary premolar; 39, 1st maxillary molar tooth; 

40, 2nd maxillary molar tooth; 41, 3rd maxillary molar tooth; 42, facial crest. 
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Fig (2): Sagittal sections (A, B 12 years &C 8 years) of the head of the donkeys.         

1, frontal sinus; 2, dorsal conchal sinus; 3, ventral conchal sinus; 4, middle conchal sinus; 5, 

sphenopalatine sinus; 6, ethmoidal turbinate; 7, bulla of the dorsal nasal concha; 8, bulla of the 

ventral nasal concha; 9, septum of ventral  nasal concha; 10, septum of dorsal nasal concha; 11, 

straight fold; 12, alar fold; 13, basal fold;14,  dorsal nasal meatus; 15,middle nasal meatus; 16, 

ventral nasal meatus; 17, hard palate; 18, soft palate; 19, frontal bone; 20,nasal bone; 21,pharynx; 

22,frontomaxillary opening; 23, infraorbital nerve; 24, maxillary bone; 25,bulla of ventral nasal 

conchal sinus; 26, conchomaxillary opening; 27, nasomaxillary opening; 28, lateral part of caudal 

maxillary sinus; 28´,  medial part of caudal maxillary sinus; 29, rostral maxillary sinus; 30 , maxil-

lary septum;31, infraorbital canal; 32,nasolacrimal duct; 33,sphenopalatine opening; 34, frontal 

septum; 35, opening  of middle nasal  conchal  sinus into caudal maxillary sinus; 36,1st maxillary 

premolar tooth; 37, 2nd maxillary premolar; 38, 3rd maxillary premolar; 39, 1st maxillary molar tooth; 

40, 2nd maxillary molar tooth; 41, 3rd maxillary molar tooth; 42, facial crest. 
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Fig (3): CT images (A-F) and cross sections (G, H&I caudal view and J, K&L crani-

al view) at the level of the frontal, maxillary and conchal sinuses.  

1,dorsal nasal concha; 2, ventral nasal concha; 3, conchofrontal sinus;3´, frontal sinus; 4,frontal 

septum between right and left frontal sinuses; 5,dorsal conchal sinus; 6,ventral conchal sinus; 7, 

infraorbital canal;7´, infraorbital foramen ; 8, rostral maxillary sinus; 9,  lateral part of caudal maxil-

lary sinus; 9´, medial part of caudal maxillary sinus; 10, conchomaxillary opening;  11, nasomaxil-

lary opening; 12, frontomaxillary opening; 13, lacrimal canal and nasolacrimal duct; 14, dorsal 

nasal meatus; 15, ventral nasal meatus; 16, , ventral nasal meatus ; 17, maxillary septum between 

rostral and caudal maxillary sinuses; 18,bulla of ventral nasal conchal sinus ; 19,bony specules 

and plates; 20, nasal septum; 21, tongue; 22,oral cavity proper; 23, oral vestibule; 24, facial crest; 

25,buccinator muscle; 26,superior labii levator muscle; 27,masseter muscle; 28,palatine canal;29, 

common nasal meatus; 30, vomer bone within nasal septum; 31 , hard palate; 32,soft palate; 33, 

palatine process of maxilla; 34, nasopharynx; 35, 2nd  maxillary premolar teeth; 36, 2nd  mandibu-

lar premolar teeth; 37, 3rd maxillary premolar teeth; 38, 3rd  mandibular premolar teeth; 39, 1st 

maxillary molar teeth; 40, 1st  mandibular molar teeth; 41, 2nd maxillary molar teeth; 42, 2nd mandi-

bular molar teeth; 43, 3rd maxillary molar teeth; 44, 3rd  mandibular molar teeth. 
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Fig (3): CT images (A-F) and cross sections (G, H&I caudal view and J, K&L crani-

al view) at the level of the frontal, maxillary and conchal sinuses.  

1,dorsal nasal concha; 2, ventral nasal concha; 3, conchofrontal sinus;3´, frontal sinus; 4,frontal 

septum between right and left frontal sinuses; 5,dorsal conchal sinus; 6,ventral conchal sinus; 7, 

infraorbital canal;7´, infraorbital foramen ; 8, rostral maxillary sinus; 9,  lateral part of caudal maxil-

lary sinus; 9´, medial part of caudal maxillary sinus; 10, conchomaxillary opening;  11, nasomaxil-

lary opening; 12, frontomaxillary opening; 13, lacrimal canal and nasolacrimal duct; 14, dorsal 

nasal meatus; 15, ventral nasal meatus; 16, , ventral nasal meatus ; 17, maxillary septum between 

rostral and caudal maxillary sinuses; 18,bulla of ventral nasal conchal sinus ; 19,bony specules 

and plates; 20, nasal septum; 21, tongue; 22,oral cavity proper; 23, oral vestibule; 24, facial crest; 

25,buccinator muscle; 26,superior labii levator muscle; 27,masseter muscle; 28,palatine canal;29, 

common nasal meatus; 30, vomer bone within nasal septum; 31 , hard palate; 32,soft palate; 33, 

palatine process of maxilla; 34, nasopharynx; 35, 2nd  maxillary premolar teeth; 36, 2nd  mandibu-

lar premolar teeth; 37, 3rd maxillary premolar teeth; 38, 3rd  mandibular premolar teeth; 39, 1st 

maxillary molar teeth; 40, 1st  mandibular molar teeth; 41, 2nd maxillary molar teeth; 42, 2nd mandi-

bular molar teeth; 43, 3rd maxillary molar teeth; 44, 3rd  mandibular molar teeth. 
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Fig (4): CT images (A & B) and cross sections (C caudal view & D cranial view) at 

the level of the ethmoidal labyrinth. 

1,eye (choroid and retina); 2, dorsal conchal sinus; 3 ethmoidal labyrinth; 4, conchofrontal sinus; 

5, periorbital fat  and ocular muscles; 6, middle conchal sinus; 7, vomer bone; 8, Frontal septum 

between right and left frontal sinus; 9, palatine bone; 10, masseter muscle; 11,medial pterygoid 

muscle; 12, soft palate; 13, frontomaxillary opening; 14, stylohyoid bone; 15, oropharynx; 16, ba-

sihyoid bone; 17, omohyoid and sternohyoid muscles; 18, nasopharynx; 19, dorsal nasal meatus; 

20, caudal maxillary sinus; 21, Infraorbital canal; 22,sphenopalatine vessels; 23, sphenopalatinal 

opening; 24, root of tongue; 25, 3rd maxillary molar teeth; 26, 3rd  mandibular molar teeth; 

27,boney specules; 28, sphenopalatine sinus; 29, opening of middle conchal sinus into caudal 

maxillary sinus. 

 

 

 

 

 

 

 
Fig (5): CT images (A, B & CS) and cross sections (D, E caudal view & F cranial 

view) at the level of the frontal and sphenopalatine sinuses. 

1, frontal sinus; 2, frontal bone; 3, zygomatic process of temporal bone; 4, coronoid process of the 

mandible; 5, frontal lobe of brain; 6, sphenopalatine sinus; 7, sphenopalatine septum; 8, pharynx; 

9,auditory tube; 10, masseter muscle; 11, medial pterygoid muscle; 12, stylohyoid bone; 13, thy-

rohyoid bone; 14, larynx; 15, lateral pterygoid muscle; 16,left guttural pouch;17,right guttural 

pouch; 18, nasopharynx; 19, cerebral hemisphere; 20,oropharynx; 21,ethmoid labyrinth; 

22,basihyoid bone; 23,root of tongue and epiglottis apex; 24, soft palate; 25,olfactory bulb; 

26,optic nerve; 27; mandibular salivary gland; 28, omohyoid and sternohyoid muscles; 29, alar 

canal. 
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Fig (4): CT images (A & B) and cross sections (C caudal view & D cranial view) at 

the level of the ethmoidal labyrinth. 

1,eye (choroid and retina); 2, dorsal conchal sinus; 3 ethmoidal labyrinth; 4, conchofrontal sinus; 

5, periorbital fat  and ocular muscles; 6, middle conchal sinus; 7, vomer bone; 8, Frontal septum 

between right and left frontal sinus; 9, palatine bone; 10, masseter muscle; 11,medial pterygoid 

muscle; 12, soft palate; 13, frontomaxillary opening; 14, stylohyoid bone; 15, oropharynx; 16, ba-

sihyoid bone; 17, omohyoid and sternohyoid muscles; 18, nasopharynx; 19, dorsal nasal meatus; 

20, caudal maxillary sinus; 21, Infraorbital canal; 22,sphenopalatine vessels; 23, sphenopalatinal 

opening; 24, root of tongue; 25, 3rd maxillary molar teeth; 26, 3rd  mandibular molar teeth; 

27,boney specules; 28, sphenopalatine sinus; 29, opening of middle conchal sinus into caudal 

maxillary sinus. 

 

 

 

 

 

 

 
Fig (5): CT images (A, B & CS) and cross sections (D, E caudal view & F cranial 

view) at the level of the frontal and sphenopalatine sinuses. 

1, frontal sinus; 2, frontal bone; 3, zygomatic process of temporal bone; 4, coronoid process of the 

mandible; 5, frontal lobe of brain; 6, sphenopalatine sinus; 7, sphenopalatine septum; 8, pharynx; 

9,auditory tube; 10, masseter muscle; 11, medial pterygoid muscle; 12, stylohyoid bone; 13, thy-

rohyoid bone; 14, larynx; 15, lateral pterygoid muscle; 16,left guttural pouch;17,right guttural 

pouch; 18, nasopharynx; 19, cerebral hemisphere; 20,oropharynx; 21,ethmoid labyrinth; 

22,basihyoid bone; 23,root of tongue and epiglottis apex; 24, soft palate; 25,olfactory bulb; 

26,optic nerve; 27; mandibular salivary gland; 28, omohyoid and sternohyoid muscles; 29, alar 

canal. 

 

  
 


