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a b s t r a c t

Four adult baladi goats of both sexes (two males and two females) weighing about 25–35 kg
and aging 1–1.5 years were used for the current study. Computed tomography (CT) scans
and cross-sections of the thorax of goats were preformed, photographed, and compared
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with each other. The thorax was divided into three regions (cranial, middle, and caudal
mediastinal regions). The shape and tomography of the thoracic organs were demonstrated.
The anatomical features of soft and hard tissues of thorax were identified by both CT and
cross-section images and denoted with the aid of anatomical texts. The purpose of this study
was to produce an anatomic reference for computed tomography of the thorax of goat for

, clinici
Thorax
Goat

use by radiologists

1. Introduction

Computed tomography and nuclear magnetic resonance
imaging is being performed increasingly on dogs and
other animals for diagnostic and research purposes (Fike
et al., 1980, 1981; Zook et al., 1981, 1989; George and
Smallwood, 1992; Smallwood and George, 1993a,b; Valerie
et al., 1998). These techniques were performed widely in
goat (Smallwood and Healey, 1982; Abuzaid, 1995; Abuzaid
et al., 1999; Abuzaid and Abuzaid, 2000; El Gendy, 2007). CT
provides a higher degree of soft tissue contrast resolution
than survey radiographs and the ability to produce recon-
structed images of the areas of interest in various planes
(Henninger et al., 2003; Tidwell and Jones, 1999).

CT scans resulting from these techniques require a thor-
ough knowledge of the regional cross-sectional anatomy;
texts on anatomy contain few illustrations of the body in

cross-section. The purpose of this report is to provide a suc-
cession of photographs of CT scans and cross-sections of the
thorax of goat.
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2. Materials and methods

Four adult baladi goats of both sexes (two males and two females)
weighing about 25–35 kg and aging 1–1.5 years were used for the current
study.

2.1. CT scans

After physical examination, the goat was used for the CT scans, was
anaesthetized by administering halothane via facemask. The goat was
positioned in sternal recumbency during scanning time. Goat’s thorax
was serially sectioned with the CT scanner (CT-F 3HF/S Siemens) from the
level of the base of neck to the level of 8th intercostals spaces with 1 cm
interval on the chest (scanning conditions: 130 Kv, 70 mps). CT images
were photographed and compared with the anatomic sections to assist
an accurate identification of specific structures (Abuzaid, 1995; Shekidef,
1999; Abuzaid and Abuzaid, 2000; Abuzaid and Imam, 2000).

2.2. Cross-sections

The other three goats and the goat used for the CT scans were used
subsequently for the anatomical cross-sections. They were well bled via
common carotid artery and were placed in a freezer in ventral recumbency,
until frozen. The frozen cadavers were placed on the table of a band saw,

and serial transverse sections were cut approximately 1 cm apart, begin-
ning from the level of manubrium sterni through xiphoid cartilage. Slices
were numbered and gently cleaned of debris with cold running water and
light brushing. They were dry blotted and were photographed immedi-
ately with the caudal surface of each slice facing the camera (Zook et al.,
1989; Smallwood and George, 1993a,b; El Handy, 1999).
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Nomenclature was adapted according to the Nomina Anatomica
eterinaria (1994).

. Results
.1. CT scans

All CT scans were viewed from cranial to caudal of the
horax where the left side appear on the viewer’s left, and

ig. 1. CT images of the cranial mediastinal region; soft tissue window images o
ertebrae. 2. Scapula. 3. Humerus. 4. Manubrium sterni. 5. Esophagus. 6. Trache
ongus colli muscle. 11. Brachio cephalic trunk. 12. Left subclavian artery. 13. Cran
6. Nuchal ligament. 17. Spinalis cervices muscle. 18. Supraspinatus muscle. 19. In
2. Thymus. 23. 3rd thoracic vertebrae. 24. 2nd rib. 25. 3rd rib. 26. Right multifidu
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the approximate levels of each CT scan appear on the long
axis of thorax at CT frontal scanogram of goat in a sternal
recumbency.
Fig. 1 represents all CT scanning of the cranial mediasti-
nal region (from the first rib till the third rib). Muscles of the
thoracic wall were displayed clearly between the subcuta-
neous and endothoracic fascia. Where longus colli muscle
(Fig. 1A–D/10), right spinalis cervices muscle (Fig. 1B/17),

n the left side and lung window images on the right side. 1. 1st thoracic
a. 7. Right cranial lobe of lung. 8. Left cranial lobe of lung. 9. 1st rib. 10.
ial vena cava. 14. 2nd thoracic vertebrae. 15. Right deep pectoral muscle.
fraspinatus muscle. 20. Right longissimus thoracic muscle. 21. Sternum.
s thoracic muscle. 27. Right middle lung lobe.
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right supraspinatus muscle (Fig. 1A/18), right infraspina-
tus muscle (Fig. 1B/19), right longissimus thoracic muscle
(Fig. 1/20), right deep pectoral muscle (Fig. 1B/15), and
right multifidus thoracic muscle (Fig. 1A/26) all were
identified. The dense costal bony segments were denoted
(Fig. 1B–D/9, 24, 25). The scapula (Fig. 1A–D/2) and
humerus (Fig. 1A–D/3) were not imaged symmetrically on
each side. The funiculus part of nuchal ligament, which is
composed predominantly of elastic connective tissue, was
imaged as a distinct opacity (Fig. 1A/16).

Imaging of the cranial mediastinal region demonstrated
the esophagus to the left (Fig. 1A–D/5), and the trachea to
the right of the midline (Fig. 1A–D/6), both were ventral
to the thoracic vertebrae. The distension of the esopha-
gus with gas was artifact, due to the anesthetic gases being
administered via a facemask. At the level of 1st thoracic ver-
tebrae (Fig. 1A/1), the first rib (Fig. 1B/9) and manubrium
sterni (Fig. 1B/4), the cranial part of the right cranial lung
lobe (Fig. 1B–D/7), the thymus (Fig. 1A–D/22), the cranial
part of the left cranial lung lobe (Fig. 1C and D/8), the cranial
vena cava (Fig. 1C and D/13) were clearly defined ventral to
the brachiocephalic trunk (Fig. 1C/11).

Fig. 2 denoted CT scanning of the middle mediastinal
region (from the 3rd rib till the 6th intercostal space). The
esophagus (Fig. 2A–E/5) appeared dorsolateral to the tra-
chea (Fig. 2A and B/6) and the tracheal bifurcation into right
and left principal bronchi (Fig. 2C/17 and 17′) was identi-
fied clearly at the level of 4th thoracic vertebrae (Fig. 2C/23).
The heart compartments were identified firstly at the level
of 4th thoracic vertebrae, the right atrium (Fig. 2B/1), left
atrium (Fig. 2D/2) were distinguished separately through
this region at the central region of thorax on the scan. The
right ventricle (Fig. 2B and C/3) was tapered from the right
to left as the conus arteriosus (Fig. 2B and C/7) which was
defined just proximal to the pulmonary valve (Fig. 2B and
C/7). The left ventricle (Fig. 2D/4), aortic bulb and valve
(Fig. 2D/14), the pulmonary trunk (Fig. 2C and D/12), the
aortic arch (Fig. 2A–C/15) were detected. In addition the

caudal vena cava was demonstrated (Fig. 2D and E/19) on
the right side away from the heart between the accessory
lung lobe (Fig. 2E/28). The descending aorta (Fig. 2D and
E/11) was seen ventral to the vertebrae and dorsolateral to
the esophagus on the left side.
ued) .

Fig. 3 clearly defines CT scans of the caudal mediastinal
region (from the 6th intercostal space till the disappear-
ance of the diaphragm at the cranial abdominal region).
The right caudal lung lobe (Fig. 3A–D/5), the left caudal
lung lobe (Fig. 3A–B/6), the diaphragm (Fig. 3A/7) all were
denoted. The costal arches (Fig. 3A–D/14) were embed-
ded between the soft tissue dense muscular elements.
The liver (Fig. 3A–D/8) occupied the intrathoracic part of
the abdominal cavity on the right side and contacts the
diaphragm. The caudal vena cava (Fig. 3A/4), left azygous
vein (Fig. 3A/3) and the reticulum (Fig. 3A/9) were appeared
at the level of 7th thoracic vertebrae (Fig. 3A/16). The
dorsal ruminal sac (Fig. 3C and D/10) on the left side, oma-
sum (Fig. 3C/12) and abomasum (Fig. 3C and D/11) on the
right side were demonstrated at the level of 9th thoracic
vertebrae (Fig. 3C/18).

3.2. Cross-sectional anatomy

Our study denoted cross-sections of the thorax from
the manubrium sterni through the xiphoid cartilage, not
all structures were labeled in every slice, contra lateral
structures of symmetrical tissues or paired organs were not
labeled on each side.

The cranial mediastinum was wide dorsally. It contained
the trachea (Fig. 4A and B/5) and esophagus (Fig. 4A and
B/4) lying side by side at the thoracic inlet dorsally, the cra-
nial vena cava (Fig. 4A and B/15) and brachiocephalic trunk
(Fig. 4A and B/14) with their branches ventrally. The thymus
(Fig. 4A and B/16), lymph nodes and fats were occupied the
ventral part of the cranial mediastinum.

The dorsal part of the middle mediastinum was slightly
narrower than the ventral part. The dorsal part contained
the bifurcation of trachea into right and left principal
bronchi (Fig. 5A/9), esophagus (Fig. 5A and B/5), descend-
ing aorta (Fig. 5A and B/11), cranial vena cava (Fig. 5A/19)
and left azygous vein (Fig. 5B/2). The ventral part of the
middle mediastinum contained the right atrium (Fig. 5A/1),

right ventricle (Fig. 5A and B/3), left ventricle (Fig. 5B/4) and
aortic valve (Fig. 5A/2).

The dorsal part of the caudal mediastinal region
revealed the presence of aorta (Fig. 6/2) dorsally, the
esophagus (Fig. 6/1) ventrally, left azygous vein (Fig. 6/3),



M.A.M. Alsafy / Small Ruminant Research 79 (2008) 158–166 161

Fig. 2. CT images of the middle mediastinal region; soft tissue window images on the left side and lung window images on the right side. 1. Right atrium. 2.
Left atrium. 3. Right ventricle. 4. Left ventricle.5. Esophagus. 6. Trachea. 7. Conus arteriosus just proximal to pulmonary valve. 8. Left cranial lung lobe. 9. 3rd
thoracic vertebrae. 10. Longus colli muscle. 11. Descending aorta. 12. Pulmonary trunk. 13. Cranial vena cava. 14. Aortic bulb and aortic valve. 15. Aortic arch.
16. Right middle lung lobe. 17. Right pulmonary bronchus. 17′ . Left pulmonary bronchus. 18. Origin of brachiocephalic trunk from aortic arch. 19. Caudal
vena cava. 20. Caudal wall of the left ventricle. 21. Right caudal lung lobe. 22. Left caudal lung lobe. 23. 4th thoracic vertebrae. 24. 5th thoracic vertebrae.
25. 3rd rib. 26. 4th rib. 27. Transverse thoracic muscle. 28. Accessory lung lobe. 29. Sternum. 30. Scapula. 31. 6th thoracic vertebrae. 32. 5th rib. 33. 6th rib.
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right caudal lung lobe (Fig. 6/5) and left caudal lung lobe
(Fig. 6/6).

The ventral part of the caudal mediastinum con-
tained reticulum (Fig. 6/9), liver (Fig. 6/8), and diaphragm
(Fig. 6/7).

4. Discussion

Our intent was to produce an atlas of computed
tomography and cross-sectional anatomy on the thorax
of goat that could be used as an aid in the interpreta-
tion of any cross-sectional imaging study. In the present
study, the thorax was divided into three regions, cra-
nial, middle, and caudal mediastinal regions and all
the detailed structures in CT scans and cross-sections

were documented according to Smallwood and Healey
(1982), Zook et al. (1989), Alsafy (2005). The shape
and tomography of the thoracic organs were varied
according to the imaging position and scanning level,
so our results were compared with the cross-sections
ued) .

and anatomical texts that mentioned by King (1974),
Popesko (1975), Smallwood and Healey (1982), Alsafy
(2005).

Regarding the relations of most CT and cross-sections
images, imaging of the cranial mediastinal region demon-
strated the esophagus to the left and the trachea to the right
of the midline, both were ventral to the thoracic vertebrae
in CT images in Fig. 1A–D was matched with cross-sections
in Fig. 4A and B.

The right cranial lobe of lung, left cranial lobe of lung,
thymus and cranial vena cava in CT images in Fig. 1B and D
was matched with cross-sections in Fig. 4B.

The cranial vena cava in CT images in Fig. 2C/12 was
matched with cross-sections in Fig. 5C/19.

There is a perfect match between Fig. 1C CT images with

Fig. 4A cross-sections in the relation of right cranial lobe of
lung, left cranial lobe of lung, thymus and cranial vena cava
and brachiocephalic trunk.

The tracheal bifurcation into right and left principal
bronchi, heart parts, right middle lung lobe, left cranial lung
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Fig. 3. CT images of the caudal mediastinal region; soft tissue window images (A–D) on the left side and lung window images (E–H) on the right side. 1.
Esophagus. 2. Aorta. 3. Left azygous vein. 4. Caudal vena cava. 5. Right caudal lung lobe. 6. Left caudal lung lobe. 7. Diaphragm. 8. Liver. 9. Rerticulum. 10.
Dorsal ruminal sac. 11. Abomasum. 12. Omasum. 13. Spleen. 14. Right and left costal arches. 15. Ingesta (fluid level) in reticulum. 16. 7th thoracic vertebrae.
17. 8th thoracic vertebrae. 18. 9th thoracic vertebrae. 19. 10th thoracic vertebrae.
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Fig. 3. (Continued ).
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Fig. 4. Cross-sections of the cranial mediastinal region. 1. Manubrium sterni. 2. Scapula. 3. Humerus. 4. Esophagus. 5. Trachea. 6. Transverse thoracic muscle.
7. Skin. 8. Longus colli muscle. 9. 1st thoracic vertebrae. 10. 2nd thoracic vertebrae. 11. Sternum. 12. 3rd costal cartilage. 13. Body of the 2nd left rib. 14.
Brachiocephalic trunk. 15. Cranial vena cava. 16. Thymus. 17. Right caudal part of the cranial lung lobe. 18. Left cranial part of the cranial lung lobe. 19. Nuchal
ligament. 20. Right multifidus thoracic muscle. 21. Right longissimus thoracic muscle. 22. Right supra spinatus muscle. 23. Right infraspinatus muscle. 24.
Right deep pectoral muscle.

Fig. 5. Cross-sections of middle mediastinal region. 1. Clotted blood in right atrium. 2. Left azygous vein. 3. Clotted blood in right ventricle. 4. Left ventricle.
5. Esophagus. 6. 4th thoracic vertebrae. 7. 6th thoracic vertebrae. 8. Left cranial lung lobe. 9. Bifurcation of the trachea into right and left principal bronchi.
10. Sternum. 11. Descending aorta. 12. Pulmonary trunk. 13. Caudal vena cava. 14. Aortic bulb and aortic valve. 15. Right middle lung lobe. 16. Accessory
lung lobe. 17. Right caudal lung lobe. 18. Left caudal lung lobe. 19. Cranial vena cava. 20. Pulmonary veins.
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Fig. 6. Cross-section of the caudal mediastinal region. 1. Esophagus. 2.

Aorta. 3. Left azygous vein. 4. Caudal vena cava. 5. Right caudal lung lobe.
6. Left caudal lung lobe. 7. Diaphragm. 8. Liver. 9. Reticulum filled with
ingesta. 10. 9th right costal cartilage.

lobe, cranial vena cava and aorta in CT images in Fig. 2C was

matched with cross-sections in Fig. 5A.

CT lung window images in Fig. 2D was matched with
cross-sections in Fig. 5B in the relation of caudal vena cava,
esophagus, right ventricle, left ventricle and right and left
caudal lung lobe.
search 79 (2008) 158–166

CT image in Fig. 3B was similar to Fig. 5 cross-section
in the position of reticulum, liver, and right and left caudal
lung lobe.
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