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Summary

The purpose of this study was to provide a new reference for
interpretation of the normal anatomy of the canine thorax as

imaged using computed tomography (CT). Three mature dogs,
all mixed breed males, were used for this study. The dogs were
sedated, anaesthetized and maintained in sternal recumbency.

CT study from the first to the thirteen thoracic vertebra was
performed with a TOSHIBA 600HQ scanner (third generation
equipment). Dogs were killed and vascular-injection technique
was performed: red latex and blue latex filled vascular system.

Injected dogs were frozen and sectioned with an electric
bandsaw, the cuts matched as closely as possible to the CT
images. The CT images from this study are intended as a ref-

erence for clinical CT imaging studies of the thoracic cavity of
the dog and for interpreting lesions of the thorax and associ-
ated structures.

Introduction

During the last two decades, computed tomography (CT) has

become an useful diagnostic tool (Samii et al., 1998). Because of
its limited accessibility and high costs, it was not initially used in
veterinarymedicine; however, accessibility has improved, which

has increased the need for expertise in the use of this technique in
animals (Ottesen andMoe, 1998). Its use in veterinary medicine
has focused on diseases of the thorax and abdomen (Barthez
et al., 1998; Ottesen and Moe, 1998) and skeletal disorders

(Carpenter et al., 1993; Feeney et al., 1996).
Computed tomography images provide detailed anatomic

information that is difficult to obtain with other diagnostic

techniques (Schwarz and Tidwell, 1999). CT produces images
of thin cross-sections, which can be reconstructed as multi-
planar images by the computer (Feeney et al., 1991; Ottesen

and Moe, 1998). Accurate interpretation and identification of
CT images requires a thorough knowledge of the planimetric
anatomy and its topography (Feeney et al., 1991; Smallwood
and George, 1993; Samii et al., 1998).

Although other authors have addressed cross-sectional
anatomy of the thorax using CT and other techniques (Feeney
et al., 1991; Smallwood and George, 1993; Assheuer and

Sager, 1997), we believe that our work includes additional
information by providing a better quality of CT images and
comparing them with anatomical specimens that have been

vascularly injected for a better definition of the morphology
and topography of the vascular structures.

Computed tomography is becoming increasingly important

in the diagnosis and evaluation of thoracic disease such as
pulmonary, thoracic wall and mediastinal masses, pneumo-
thorax and pleural fluids (Burk, 1991; Smallwood and George,
1993; Ottesen and Moe, 1998; Spann et al., 1998; Waters et al.,

1998; Schwarz and Tidwell, 1999).

Materials and Methods

Three mature dogs, all mixed breed males, were used for this
study. Their weight ranged 25–34 kg and their average height
was 60 cm. The dogs were sedated with 0.2 mg/kg of aceprom-

azine (Calmo Neosan; Pfizer, New York, NY, USA) and
anaesthetized with 15 mg/kg i.v. of pentobarbital sodium
(Braun;BraunMedical,Melsungen,Germany). Throughout the

procedure, the animals were maintained in sternal recumbency
perpendicular to exploration table. CT study was performed at
the Radiodiagnostic Service of the Hospital Universitario

Insular of Las Palmas de Gran Canaria with a TOSHIBA
600HQ scanner (third generation equipment, Toshiba Medical
Imaging Systems, Tustin, CA, USA). Transverse slices from the
first to the 13 thoracic vertebra were obtained using the

following parameters: caudal vision of image (V.V.F.), 8-s
exposure time, 120 kV, 80 mA, 10 mm slice thickness. Best
image quality for soft tissue was obtained by adjusting window

widths and window levels: For soft tissue thorax structures a
soft-tissue window was used (WL: 19, WW: 1764).
Immediately following the CT study, the dogs were killed

using a barbiturate overdose. The dogs were bled-out with
saline solution and latex was injected into their arterial and
venous systems: red latex filled systemic arteries and pulmonary
veins, whereas the blue latex filled systemic veins and pulmon-

ary arteries. So, the blood vessels were clearly identified.
The injected dogs were frozen at )70�C in the same position

that they were scanned within 24 h to minimize post-mortem

changes. Once the cadavers were completely frozen, they were
sectioned with an electric bandsaw where the cuts matched as
closely as possible to the CT images. Each section was 10 mm

thick. Sections were cleaned and their caudal surfaces photo-
graphed, set of sections were chosen for comparing with their
corresponding CT images and with anatomy textbooks (Nickel

et al., 1979, 1981; Boyd and Paterson, 1991; Feeney et al.,
1991; Ruberte and Sautet, 1996; Done et al., 1997; Dyce et al.,
1999; Vázquez et al., 2000). Illustrated Veterinary Anatomical
Nomenclature (Schaller, 1992) was used to identify the normal
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anatomy of the structures of the thorax. Clinically relevant
anatomical structures were identified in the anatomic section
and in its corresponding CT slice. Although CT and cross-

section have approximately the same slice position and
orientation, some structures labelled in the CT images could
not be identified in its corresponding anatomic cross-section.

Results and Discussion

Clinically relevant anatomic structures were identified and

labelled in the two photographs presented in the figures (CT
and anatomic section). Fig. 1 is a ventrodorsal radiograph
image where the lines depict the CT transverse imaging planes

and gross sections (Figs 2–7). These sections are presented in a
cranial to caudal progression from the level of first thoracic
vertebra (Fig. 2) to the level of heart apex (Fig. 7). CT images
and anatomic sections were oriented so that the left side of the

thorax is to the viewer’s left and dorsal is at the top.
Detailed anatomy of the thorax was acquired with soft-

tissue window. Grey scale CT is directly related to the

radiation attenuation of the thorax structures. CT images

obtained provide a good depiction of bone structures. Thus,
the walls and the roof bones of the thorax cavity (rib with its
head and tubercle; thoracic vertebrae with their articular and

transverse processes, spinous process, vertebral arch and
vertebral body), the sternum (manubrium and sternebrae)
and, in some images, both scapulas were easily identifiable

because of the high CT density and appeared white. In the
same way, CT images provided an excellent view of the joint
surfaces of costovertebral, costochondral and sternocostal

joints. Different muscles (transverse thoracis, longus colli) had
an intermediate CT density and appeared grey.
The respiratory system structures (trachea, principal bron-

chi, both lungs with their lobes) appeared black with a low

opacity compared with the tracheal and bronchial cartilages
which were observed with an intermediate tissue density.
Trachea in the anatomical cross-sections was collapsed.

The vascular system structures (heart with its cavities,
thoracic aorta, brachiocephalic trunk, carotid arteries, subcl-
avian arteries, internal thoracic artery and vein, pulmonary

vessels, cranial and caudal cava veins, costocervical venous
trunk, right azygos vein) were observed grey because they had
an intermediate tissue density compared with pericardic fat

and thymus that appeared dark grey with a low-intermediate
CT density.
Computed tomography is a non-invasive cross-sectional

diagnostic imaging technique that offers considerable advan-

tages over traditional radiography. Conventional radiographs
depict a three dimensional object as a two dimensional image.
Their main limitations are that overlying tissues are superim-

posed on the image and its inability to distinguish between two
tissues with similar density. CT overcomes these problems by
scanning thin slices of the body with a narrow X-ray beam,

producing an image of each slice as a cross section of the
tissues body (Hounsfield, 1973; Collard et al., 1975; Barbee
and Allen, 1987; Thrall, 1994; Ottesen and Moe, 1998) and CT
can differentiate between tissues of similar density because of

the narrow X-ray beam and the use of �windowing� altering
WL and WW. Besides, inferior quality images can be
manipulated using the grey scale and compensating their

quality. CT provides detailed two-dimensional images with
great clarity and better images of bones and soft tissues. CT is
more sensitive in detecting diseases, and distinguishes normal

Fig. 1. Dorsal image corresponding to thoracic region. Transverse
sections are shown.

Fig. 2. (a) Computed tomography
image and (b) anatomic cross-sec-
tion at level of first rib. Caudal
view. 1, body of first thoracic ver-
tebra; 2, longus colli muscle (thor-
acic part); 3, trachea: thoracic part;
4, right subclavian artery (only a);
5, brachiocephalic trunk; 6, left
common carotid artery; 7, cranial
vena cava; 8, right lung: cranial
lobe, 9; costochondral joint; 10,
thymus; 11, sternum; 12, left lung:
cranial lobe; 13, left costocervical
venous trunk; 14, left subclavian
artery; 15, esophagus: thoracic
part; 16, costal head joint; 17,
costotransversa joint; 18, spinal
cord and epidural fat.
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and abnormal structures accurately (Hounsfield, 1973; Collard

et al., 1975; Barbee and Allen, 1987; Thrall, 1994; Ottesen and
Moe, 1998). Radiographic exploration of the dog thorax is
difficult because of its complex anatomy. The location and

extent of lesions in the thorax are often difficult to define by

clinical and radiographic exploration. CT soft-tissue windows
are recommended to evaluate all tissues that cannot be
observed by conventional radiography.

Fig. 3. (a) Computed tomography
image and (b) anatomic cross-sec-
tion at level of third rib. Caudal
view. 1, longus colli muscle (thor-
acic part); 2, trachea: thoracic part;
3, cranial vena cava; 4, right lung:
cranial lobe; 5, costochondral joint
(only a); 6, internal thoracic artery
and vein; 7, cranial mediastinum:
thymus; 8, left lung: cranial lobe; 9,
brachiocephalic trunk; 10, left
subclavian artery; 11, esophagus:
thoracic part.

Fig. 4. (a) Computed tomography
image and (b) anatomic cross-sec-
tion at level of right ventricle and
pulmonary trunk. Caudal view.
1, longus colli muscle (thoracic
part); 2, right azygos vein; 3, tra-
chea: thoracic part; 4, right lung:
cranial lobe; 5, cranial vena cava;
6, ascendens aorta; 7, right atrium;
8, transverse thoracis muscle; 9,
internal thoracic artery and vein;
10, cranial mediastinum with thy-
mus; 11, right ventricle and pul-
monary trunk; 12, left lung: cranial
lobe; 13, right pulmonary artery;
14, left pulmonary artery; 15,
esophagus: thoracic part; 16,
descendens aorta: thoracic aorta.

Fig. 5. (a) Computed tomography
image and (b) anatomic cross-sec-
tion at level of tracheal carina.
Caudal view. 1, longus colli muscle
(thoracic part); 2, right azygos
vein; 3, esophagus: thoracic part; 4,
right principal bronchus; 5, right
pulmonary artery and vein; 6, right
lung; 7, right atrium; 8, coronary
groove; 9, sternocostal joint; 10,
internal thoracic artery and vein;
11, right ventricle; 12, left coronary
artery; 13, ascendens aorta; 14, left
atrium; 15, left principal bronchus;
16, left pulmonary artery; 17, tra-
cheal carina (only a); 18, left lung;
19, descendens aorta: thoracic
aorta.
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However, there are some disadvantages of CT compared
with conventional radiography. Mainly, they are the high cost
of the equipment and the difficult access. Anaesthesia is

necessary for exploration of thorax in live animals. Adequate
positioning of the patient is important to ensure a good result
and anatomic symmetry of the thorax structures.

Computed tomography exploration take a relatively long
time and therefore involves high radiation dosage. It has been
claimed that CT scanning probably involves the highest

radiation exposure per examination in the field of radiology
(Ottesen and Moe, 1998).
Computed tomography images of dog thorax provided

excellent detail of clinically relevant anatomy and correlated
well with corresponding gross specimens. CT provides excellent
spatial resolution and good discrimination between bone and
soft tissue (Fike et al., 1981; Feeney et al., 1991; Thrall, 1994;

Ottesen and Moe, 1998; Arencibia et al., 2000; De Rycke et al.,
2003). In our study, anatomical structures of the thorax were
interpreting using soft-tissue window settings. CT-soft-tissue

window and cross-sections allow differentiation between soft
tissues of the thorax. The planimetric or sectional anatomy of
the thorax in the dog allows a correct morphologic and

topographic evaluation of the anatomic structures, which is a
useful tool for the identification of the CT images. The
anatomic relationships were appreciated easily in the CT

transverse planes.
Although the use of CT imaging in dog medicine is currently

limited because its expense, availability, and the logistical

problems of acquiring CT images, with developing technology,
CT imaging for pets is more readily available now. In the same
way, we consider it quite useful to be able to establish some

references on thorax, in order to scan only selected parts during
a clinical or experimental applications. Last decade several
works in dogs about thorax anatomy using CT were published

(Feeney et al., 1991; Smallwood and George, 1993; Assheuer
and Sager, 1997). But to our knowledge none of the published
works have applied and compared CT images with vascular
injected anatomical cross sections. The planimetric anatomy of

the thoracic cavity of the dog with vascular injection allows a
correct morphological and topographic evaluation of the
anatomical structures. Systemic veins and pulmonary arteries

were filled with blue latex and systemic arteries and pulmonary
veins with red latex so that it was a very useful tool for detailed
anatomy of the pulmonary vessels and the heart base. Besides,

Fig. 6. (a) Computed tomography
image and (b) anatomic cross-sec-
tion at level of left ventricle. Cau-
dal view. 1, right azygos vein; 2,
right principal bronchus and right
pulmonary artery and vein; 3, right
atrium; 4, right lung; 5, right
ventricle; 6, transverse thoracis
muscle; 7, sternocostal joint; 8,
internal thoracic artery and vein; 9,
left ventricle; 10, left lung; 11, left
atrium; 12, left pulmonary vein; 13,
left pulmonary artery; 14, esopha-
gus: thoracic part; 15, descendens
aorta: thoracic aorta.

Fig. 7. (a) Computed tomography
image and (b) anatomic cross-sec-
tion at level of apex of heart.
Caudal view. 1, right azygos vein;
2, right lung: caudal lobe; 3, lobar
bronchus and right pulmonary
artery and vein; 4, caudal vena
cava; 5, right lung: middle lobe;
6, right ventricle; 7, pericardium
and pericardial fat; 8, transverse
thoracis muscle; 9, internal thor-
acic artery and vein; 10, left vent-
ricle; 11, left lung: cranial lobe; 12,
mediastinal pleura; 13, right lung:
accessory lobe; 14, esophagus:
thoracic part; 15, left lung: caudal
lobe; 16, descendens aorta: thoracic
aorta.
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high quality image allows a good and easy interpretation of
anatomical structures of thorax cavity.

The information presented in this paper should serve as a

new reference to evaluate CT images of the dog thorax and to
assist interpretation of lesions of this region, particularly about
blood vessels, heart and lungs.
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