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INTRODUCTION 

Tuj sheep breeding in North East Anatolia Region belongs 
to potential of 0.03 % in among the sheep races found in 
Turkey. Tuj sheep is known as Tuchin in Caucasia Region 
(1,2).  

Conchas (dorsal, median, and ventral) and meatuses 
between those in cavum nasi in ruminantia are the anato-
mically first notable structures. Sinus paranasales in rumi-
nantia is composed of sinus conchae dorsalis, sinus conchae 
medius, sinus palatinus, sinus lacrimalis, sinus frontalis and 
sinus maxillaris (3). Clinically, comprehending the positions, 

extension, and connections with cavum nasi and other 
structures of paranasal sinuses is important to interpret 
upper respiratory tract infections (4-6). In addition, cavum 
nasi and sinus paranasales present clinical symptoms in 
infective, non-infective, traumatic, dental or nasopharyn-
geal diseases (6,7). Computed tomography (CT) is an alter-
native imaging method which enables the exploration of 
structures in the skull region thanks to scanning radiog-
raphy (8). There are researches (9-11) on computed tomog-
raphy and examinations of anatomic structures of sinus 
paranasales and cavum nasi related to different breeds in 
ruminantia in the literature. In this study, we aimed to scan 
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Abstract 

The aim of this study was to scan cavum nasi and sinus paranasales in male Tuj sheep with computed tomography. Skulls of 8 adult male 
Tuj sheep were used for the study. On the skulls that computed tomography images were received, cavum nasi and relevant anatomic 
structures were discerned through 2-dimensional images. Surface area and volume of sinus paranasales were determined through 3-
dimensional images. Sinus maxillaris was found to extend from the level of mesial cusp of 2nd maxillary premolar tooth to the lateral 
angle of the eye. Sinus frontalis was found to extend from the interproximal level between the 3rd maxillary premolar and the 1st 
maxillary molar to the horn base. Total volume and surface area of sinus paranasales in the skulls of Tuj male sheep on the average 
were found to be 76963,89 mm3, 39595,96 mm2 respectively. The sinuses with the largest and smallest volume were sinus frontalis and 
sinus lacrimalis, respectively. In conclusion, it is considered that the information and the data obtained in this study will enable 
researchers to make radiological assessments on cavum nasi and paranasal sinus in Tuj sheep and compare them with other sheep 
breeds. 

Key Words: Computed tomography, nasal cavity, paranasal sinuses, sheep 

 
Tuj Koyununda Cavum nasi ve Sinus paranasales’in Bilgisayarlı Tomografi İle Görüntülenmesi 

Öz 

Çalışmada erkek Tuj koyununda cavum nasi ve sinus paranasales’in bilgisayarlı tomografi ile görüntülenmesi amaçlanmıştır. Çalışma için 
8 adet erişkin erkek Tuj koyunu başı kullanıldı. Bilgisayarlı tomografi görüntüleri alınan başlarda 2 boyutlu görüntüler üzerinden cavum 
nasi ve ilgili anatomik yapılar ayırt edildi. 3 boyutlu görüntüler üzerinden sinus paranasales yüzey alanı ve hacmi belirlendi. Sinus 
maxillaris’in 2. maxillar premolar dişin ön ucu seviyesinden başlayıp lateral göz açısı seviyesine kadar uzandığı tespit edildi. Sinus 
frontalis’in 3. maxillar premolar ve 1. maxillar molar dişler arası seviyesinden başlayıp boynuz kaidesine kadar uzandığı belirlendi. Tuj 
koyunu başlarında toplam sinus paranasales hacminin ve yüzey alanının sırasıyla ortalama 76963,89 mm3, 39595,96 mm2 olduğu 
görüldü. En büyük ve en küçük hacme sahip sinus lar sırasıyla sinus frontalis ve sinus lacrimalis’ti. Sonuç olarak bu çalışmada elde edilen 
bilgilerin ve verilerin Tuj koyununda cavum nasi ve paranasal sinus’lerin radyolojik değerlendirmelerine, ayrıca diğer koyun ırkları ile 
karşılaştırılmalarına olanak sağlayacağı düşünülmektedir. 

Anahtar Kelimeler: Bilgisayarlı tomografi, burun boşluğu, paranasal sinus, koyun 
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cavum nasi and sinus paranasales with computed tomog-
raphy in Tuj sheep and describe the anatomical structures 
there for the use of veterinary anatomists, students, rese-
archers, and veterinary clinicians. 

 

MATERIALS AND METHODS 

Skulls of 8 adult Tuj male sheep were used for the study. 
Average body weight of the sheep was 65 kg (SD: 5.6 kg) 
and they were clinically healthy animals. The skulls were 
supplied from the slaughterhouse and butchers of Kars 
province. First 0.9% saline water and then 10% formal-
dehyde were injected to the heads before arteria carotis 
communis. Following the formaldehyde injection two heads 
were kept frozen for the subsequent CT imaging and cross-
sectional anatomy. The CT images of the heads were obtai-
ned in Kafkas University Training and Research Hospital 
Radiology Unit (Scan Parameters: 120 kV, 250 mA) in 48 
hours. Cavum nasi, sinus paranasales, and related anatomi-
cal structures were discerned through the 2-dimensional 
images. The surface area and the volume of sinus paranasa-
les were determined through the 3-dimensional images 
(MIMICS 13.0 Software) (Figure 1, 2). The mean and stan-
dard deviation values of all the measurements obtained 
were analysed by using Statistical Package for the Social 
Sciences programme. In terminology, Nomina Anatomica 
Veterinaria (12) was used. 
 

RESULTS  

Cavum nasi (meatus nasales, concha nasals), the bone tis-
sue surrounding it, and the structures connected with the 
Sinus paranasales were discerned at an impressive level in 
the 2-dimensional images that were obtained by CT in the 
study. The details on 2-dimensional CT images were shown 
in Figure 3, 5, 7, 9, 11. Furthermore, the structures of cross-
sectional section of Tuj sheeps’ head were shown in Figure 
4, 6, 8, 10, 12. Sinus paranasales in Tuj sheep were found to 
be sinus conchae dorsalis, sinus conchae medius, sinus 
frontalis, sinus maxillaris, sinus lacrimalis, and sinus palati-
nus. Especially landmarks on these sinuses were stated 
below.  

Concha nasalis dorsalis 

In the study, concha nasalis dorsalis was found to extend 
between front 1/3 part of margo interalveolaris and front 
1/3 part of arcus zygomaticus. 

Concha nasalis media 

Concha nasalis media was found to extend between the 
mesial of maxillary premolar 2nd tooth and the cervical line 
of the 3rd maxillary molar tooth.  

Concha nasalis ventralis 

Concha nasalis ventralis was composed of two convolutions 
as up and down. It was seen that its front ridge reached the 
level of posterior part of pulvinus dentalis, and its posterior 
ridge reached the interproximal level of 2nd and 3rd maxil-
lary molar teeth. It was observed that the cavity between 

the alar fold and the basal fold was directly connected with 
cavum nasi. 

Sinus conchae dorsalis 

Sinus conchae dorsalis was placed into the concha na-
salis dorsalis between the central developmental groove of 
1st maxillary premolar tooth and the front level of crista 
facialis or medial angle of the eye.  

Sinus conchae media 

It was observed that sinus conchae media placed into conc-
ha nasalis media between the cervical line of 2nd maxillary 
premolar tooth and the mesial surface of the 3rd maxillary 
molar tooth. It was seen that this sinus was connected with 
the nasal cavity at the mesial surface of the 3rd maxillary 
molar tooth. 

Sinus frontalis 

Sinus frontalis was found to start from the interproximal 
level between the 3rd maxillary premolar and 1st maxillary 
molar tooth and extend to the horn base. It was observed 
that this sinus opened into the meatus ethmoidalis at the 
level of the mesial cusp of the 1st maxillary molar tooth. 

Sinus maxillaris 

Sinus maxillaris was found to start from the level of the 
mesial cusp of 2nd maxillary premolar tooth and extend to 
the level of lateral angle of the eye. It was detected that the 
sinus opened into the meatus nasi medius at the level of 
the 2nd molar tooth. Also, this sinus placed into os zygoma-
ticus. 

Sinus lacrimalis 

It was detected that the front ridge of sinus lacrimalis res-
ted against the mesial surface of the 1st maxillary molar 
tooth, and its posterior ridge rested against the medial 
angle of the eye. It was seen that this sinus was connected 
with sinus maxillaris at the beginning, and it was connected 
with meatus nasi medius at the level of the 1st maxillary 
molar tooth. Also, it was determined that canalis infraorbi-
talis extended in sinus lacrimalis and sinus maxillaris.  

Sinus palatinus 

Sinus palatinus was found to extend from the interproximal 
level of maxillary premolar 1st and 2nd teeth to the distal 
surface of the 3rd maxillary molar tooth. It was seen that 
this sinus opened into the aperture maxillopalatina and 
sinus maxillaris at the level of the 3rd premolar and the 1st 
molar teeth. 

Estimation 

The average volumes and surface areas of the sinus parana-
sales obtained in the study were shown in Table I. Accor-
ding to this information, it was found that the average vo-
lume and the surface area of the male Tuj sheep skulls were 
76963,89 mm3, and 39595,96 mm2 respectively.  
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Table 1. Volume and surface area values of sinus in Tuj sheep 

Parameters Sinuses Mean Minimum Maximum SD 

Volume (mm3) 

Sinus chonchae dorsalis 1724.15 5315.57 3011.11 1319.69 

Sinus chonchae medius 3048.18 7142.23 4965.3 1605.44 

Sinus frontalis 30686.29 70328.32 49807.08 15719.44 

Sinus lacrimalis 582.43 1482.18 1069.95 365.44 

Sinus maxillaris 10340.24 16715.75 14403.83 2312.09 

Sinus palatinus 2664.15 4258.16 3706.59 584.12 

Average  76963.89 49045.44 103721.6 76963.89 

Surface area (mm2) 

Sinus chonchae dorsalis 1618.29 3223.08 2367.83 693.23 

Sinus chonchae medius 2257.97 4458.74 3257.6 819.65 

Sinus frontalis 13346.85 29683.25 21027.17 6622.48 

Sinus lacrimalis 711.36 1571.49 1127.76 322.27 

Sinus maxillaris 7094.74 10484.94 8944.95 1283.04 

Sinus palatinus 2331.64 3381.91 2870.62 381.71 

Average  39595.96 27360.85 49231.57 39595.95 
SD: Standart deviation 
 

Figure 1. The calculate volume and surface area of sinus paranasales model in Mimics program 
 

Figure 2. The calculate volume and surface area of sinus paranasales model in Mimics program 
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Figure 3. Computed tomography image at the level of 1st upper 
premolar tooth, A. 1st upper premolar tooth, B. Lingua, C. 
Palatum durum, 1.  Meatus nasi ventralis, 2. Concha nasalis 
ventralis, 3. Os maxilla, 4. Meatus nasi medius, 5. Meatus nasi 
dorsalis, 6.  Septum nasi, 7. Os nasale, 8. Concha nasalis dorsalis, 9. 
Dorsal lamina of concha nasalis ventralis 10. Ventral lamina of 
concha nasalis ventralis   

Figure 4. Cross-sectional image at the level of 1st upper pre-
molar tooth, A. 1st upper premolar tooth, B. Lingua, C. Pala-
tum durum, 1.  Meatus nasi ventralis, 2. Concha nasalis vent-
ralis, 3. Os maxilla, 4. Meatus nasi medius, 5. Meatus nasi 
dorsalis, 6.  Septum nasi, 7. Os nasale, 8. Concha nasalis dor-
salis, 9.Dorsal lamina of concha nasalis ventralis 10. Ventral 
lamina of concha nasalis ventralis  

Figure 5. Computed tomography image at the level of 2nd upper 
premolar tooth, A. 2nd upper premolar tooth, B. Lingua, C. Pala-
tum durum, 1. Septum nasi, 2. Os nasale, 3. Sinus conchae dorsalis, 
4. Concha nasalis dorsalis, 5. Concha nasalis medius, 6. Ventral 
lamina of concha nasalis ventralis, 7. Sinus maxillaris, 8. Sinus 
palatinus, 9. Meatus nasi dorsalis, 10. Meatus nasi medius, 11. 
Sinus conchae medius, 12. Dorsal lamina of concha nasalis ventra-
lis, 13. Meatus nasi ventralis, 14. Meatus nasi communis 

 

Figure 6. Cross-sectional image at the level of 2nd upper premolar 
tooth, A. 2nd upper premolar tooth, B. Lingua, C. Palatum durum, 
1. Septum nasi, 2. Os nasale, 3. Sinus conchae dorsalis, 4. Concha 
nasalis dorsalis, 5. Concha nasalis medius, 6. Ventral lamina of 
concha nasalis ventralis, 7. Sinus maxillaris, 8. Sinus palatinus, 9. 
Meatus nasi dorsalis, 10. Meatus nasi medius, 11. Sinus conchae 
medius, 12. Dorsal lamina of concha nasalis ventralis, 13. Meatus 
nasi ventralis, 14. Meatus nasi communis 
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Figure 7. Computed tomography image at the level of 3rd upper 
premolar tooth, A. 3rd upper premolar tooth, B. Lingua, C. Palatum 
durum, 1. Septum nasi, 2. Os nasale, 3. Sinus conchae dorsalis, 4. 
Sinus conchae medius, 5. Meatus nasi medius 6. Sinus maxillaris, 7. 
Ventral lamina of concha nasalis ventralis, 8. Sinus palatinus, 9. 
Meatus nasi dorsalis, 10. Concha nasalis dorsalis, 11. Concha nasa-
lis medius, 12. Dorsal lamina of concha nasalis ventralis, 13. Aditus 
nasopalatomaxillaris, 14. Canalis infraorbitalis 

Figure 8. Cross-sectional image at the level of 3rd upper premolar 
tooth, A. 3rd upper premolar tooth, B. Lingua, C. Palatum durum, 
1. Septum nasi, 2. Os nasale, 3. Sinus conchae dorsalis, 4. Sinus 
conchae medius, 5. Meatus nasi medius 6. Sinus maxillaris, 7. 
Ventral lamina of concha nasalis ventralis, 8. Sinus palatinus, 9. 
Meatus nasi dorsalis, 10. Concha nasalis dorsalis, 11. Concha nasa-
lis medius, 12. Dorsal lamina of concha nasalis ventralis, 13. Aditus 
nasopalatomaxillaris, 14. Canalis infraorbitalis 

Figure 9. Computed tomography image at the level of 1st upper 
molar tooth, A. 1st upper molar tooth, B. Lingua, 1. Os frontale, 2. 
Sinus frontalis, 3. Sinus concha dorsalis, 4. Sinus lacrimalis, 5. Sinus 
concha medius, 6. Meatus nasi medius, 7. Ventral lamina of concha 
nasalis ventralis, 8. Sinus palatinus, 9. Concha nasalis dorsalis, 10. 
Concha nasalis medius, 11. Canalis nasolacrimalis 12. Sinus maxilla-
ris, 13. Canalis infraorbitalis, 14. Aditus nasopalatomaxillaris, 15. Os 
vomer 

 

Figure 10. Cross-sectional image at the level of 1st upper molar 
tooth, A. 1st upper molar tooth, B. Lingua, C. Cavum oris, 1. Sep-
tum sinuum frontalium, 2. Sinus frontalis, 3. Sinus concha dorsalis, 
4. Concha nasalis dorsalis, 5. Sinus lacrimalis, 6. Concha nasalis 
ventralis, 7. Septum nasi, 8. Canalis infraorbitalis 
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Figure 11. Computed tomography image at the level of 2nd upper 
molar tooth, A. 2nd upper molar tooth, B. Lingua,1. Os frontale, 2. 
Sinus frontalis, 3. Sinus lacrimalis, 4. Sinus maxillaris, 5. Concha 
nasalis ventralis, 6. Sinus palatinus,7. Concha nasalis dorsalis, 8. 
Canalis nasolacrimalis 9. The section opening to cavum nasi of 
sinus concha medius, 10.Meatus nasi medius, 11. Septum nasi, 12. 
Meatus nasi communis 

 

Figure 12. Cross-sectional image at the level of 2nd upper molar 
tooth, A. 2nd upper molar tooth, B. Lingua,1. Os frontale, 2. Sinus 
frontalis, 3. Meatus nasi dorsalis, 4. Sinus maxillaris, 5. Sinus palati-
nus, 6. Concha nasalis dorsalis, 7. Meatus nasi medius, 8. Septum 
nasi, 9. Choana 

 

DISCUSSION AND CONCLUSIONS 

In veterinary medicine, diagnostic imaging methods (MRI, 
CT, Ultrasonography, Radiography) are used extensively. It 
is very important to know how the structures are seen 
anatomically for detecting the pathological situation. Furt-
hermore, the CT is an alternative imaging method which 
enables the exploration of structures in the skull region 
thanks to scanning radiography (8). Regarding that, there 
are researches (4-9,11,13-19,) in which skull region is scan-
ned with CT in various animal species (horse, dog, cat, goat, 
and buffalo) in the literature. Unlike these animal species, 
we described sinus paranasales and related structures of 
Tuj sheep through transverse section images with compu-
ted tomography in the study.  

In the study, the skulls of Tuj sheep were displayed 
with computed tomography at a good resolution and high 
definition. Cavum nasi, sinus paranasales, and related struc-
tures were described on the images clearly. Section ima-
gings at the level of maxillary premolar and molar teeth 
were based on while these descriptions were being made. 
In this part of the study, Alsafy et al. (9), Probst et al. (20) 
and Shojaei et al. (11) were taken as reference. 

Unsaldi (21) told about the existence of sinus spheno-
idalis in Hasak sheep breed in his study. Nickel et al. (22) 
stated that sinus sphenoidalis and sinus conchae did not 
exist in small ruminantia. In their study on water buffalos, 
Alsafy et al. (9) reported that sinus paranasales are maxil-
lary, frontal, palatine, sphenoidal, lacrimal, ethmoidal, dor-
sal, and median conchal and also he stated that ventral 
conchal sinus did not exist. In our study, sinus paranasales 
were found as sinus conchae dorsalis, sinus conchae me-
dius, sinus frontalis, sinus maxillaris, sinus lacrimalis, and 
sinus palatinus in Tuj sheep. Schaffer and Reed (23) and 
Farke (24) reported that horn and sinus frontalis extension 
in it had a function of minimizing the negative effect of 
extreme power developing from a collision and protecting 
the brain and the other cranial structures during a fight. In 
the literature (9,22,25), sinus frontalis was reported to 
enter the horn with diverticulum cornuale in bovinae. In 
our study, the extension of sinus frontalis was observed in 
processus cornualis in Tuj sheep. 

Saigal and Khatra (26) and Alsafy et al. (9) reported 
that the optimum trepanation point is the midpoint of the 
distance between margo infraorbitalis and tuber faciale in 
buffalos. Also, the optimum point for sinus maxillaris trepa-
nation in Tuj sheep supported the literature in our study. 
Saigal and Khatra (26) stated that the optimum trepanation 
point for frontal sinus in buffalos is the lateral of the part of 
the line connecting two temporal regions that coincide with 
planum medianum. Alsafy et al. (9) stated that cavum cranii 
extends into the sinus frontalis and they also reported that 
during trepanation vena frontalis at the level of foramen 
supraorbitalis might pose a risk. Therefore the researchers 
(9) described the optimum trepanation point for sinus fron-
talis in buffalos as the medial of foramen supraorbitalis and 
vena frontalis, and the line extending through the front 
edge of the eye. Our research has also concluded that the 
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optimum trepanation point for sinus frontalis in Tuj sheep 
is the same as Alsafy et al. (9) stated. 

The findings according to the teeth that Sojaei et al. 
(11) used as a landmark in their study on sinus paranasales 
and related structures in Rayini goats, and the data obtai-
ned in our study were shown comparatively in Table II. 
According to those data, it was reported in the literature 
(11) that sinus maxillaris exists at the level of molar teeth 
(1-3), and sinus palatinus exists at the level of the 3rd pre-
molar with the 1st and the 2nd molar teeth in Rayini goats. 
Also, Makara (10) reported that sinus palatinus extended 
from the level of the premolar 2nd and 3rd teeth to the 
level of the molar 3rd tooth. In our study, it was observed 

that sinus maxillaris placed between the 2nd maxillary 
premolar tooth and lateral angle of the eye when it existed 
also in os zygomaticus; and it was also observed that sinus 
palatinus placed at the maxillary premolar 2nd tooth and 
distal level of the 3rd maxillary molar tooth in Tuj sheep. 
While Nickel et al. (22) and Getty (27) stated that the sinus 
maxillaris and the sinus palatinus are connected at the level 
of the 2nd molar tooth, Sojaei et al. (11) stated that they 
did not find any connection between the two sinuses in 
Rayini goats. In our study, it was observed that sinus maxil-
laris is connected with sinus palatinus with apertura maxil-
lopalatina at the level of the 3rd premolar and the 1st mo-
lar teeth. 

 
Table2. Comparative sinus landmarks of Rayini Goat (11) and Tuj Sheep (Study) 

 
Makara (10) reported that sinus maxillaris opened into 

cavum nasi at the level of 4th premolar and 1st molar te-
eth, and sinus frontalis opened into cavum nasi at the level 
of 2nd and 3rd molar teeth. In our study, it was observed 
that sinus maxillaris opened into meatus nasi medius at the 
level of the 2nd molar tooth, and sinus frontalis opened 
into meatus ethmoidalis at the level of the 1st molar tooth. 

Sinus paranasales in humans (28,29), in primates 
(30,31), in big ruminantia (32), in rabbits (33), in felidae 
(34), in rodentia (35), and in equidae (36) were modeled by 
using the 3D programs. In this study, sinus paranasales in 
sheep were modeled and their volumes and surface areas 
were determined for the first time. Bahar et al. (36) stated 
that the ratio of sinus frontalis and sinus maxillaris to total 
sinus volume (56.7% and 20.3% respectively) had the hig-
hest share, and sinus conchae medius (0.3%) had the 
lowest share in Arabian foals. In our study, these ratios in 
sinus frontalis, sinus maxillaris, and sinus conchae medius 
were found 64.7%, 18.01%, and 6.45% respectively. Besi-
des, different from the literature (36), it was observed that 
the sinus that had the lowest volume ratio was sinus conc-
hae dorsalis (3.9%).  

In rhinology, many animal models such as sheep, rab-
bit, and pig were tested for the researches (37). In the lite-
rature (38) it was suggested that sheep skulls could be used 
for both training model and practice model in this field. In 
conclusion, when viewed from this aspect, it is seen that 

the data obtained in the study are the first steps for redu-
cing the discussion to breeds and creating new models. For 
this reason, it is considered that the data and information 
obtained in this study will enable researchers to make radi-
ological assessments of cavum nasi and sinus paranasales in 
Tuj sheep, and compare them with the other sheep breeds. 
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