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Introduction

Radiology is a valuable tool in routine diagnostic procedures of avian patients, and numerous references pertaining to the radiology of birds are available.1-7  Although conventional radiographic images on film continue to predominate in the private practice, digital and computerized radiographic images are gaining popularity in academia and in larger specialty practices.  Where conventional radiography uses film and a wet processor, computed radiography (CR) substitutes an imaging plate and a digital reader.  For many practitioners, CR has provided a bridge to digital technology because it allows a practice to retrofit existing radiography equipment and, yet, can still get digital images.  Although there is no time savings in the radiographic process, this technique does provide other benefits of digital, such as easier image sharing, storage, and retrieval.  Direct radiography (DR) systems substitute a digital imaging sensor for the conventional radiographic cassette and film.  Because there is no processing step, an image is available within a few seconds to view on a computer screen.  


Knowledge of normal avian anatomy (i.e., pneumatized bones, air sacs, right-sided trachea, ossified tracheal rings, etc.) is required to accurately interpret radiographs.  The air sacs in birds provide a natural contrast, making abdominal organs easier to visualize.  

Radiographic Techniques

Radiographs of most birds between 50 g and 2 kg can be obtained by varying the kVp at the same MAS.  Fast speeds (1/60 - 1/120 sec.) are needed to stop the motion of respiration.  Radiographs of birds can generally be obtained using a table-top technique.  A grid or bucky is not needed for most companion birds.  


Correct positioning is essential for accurate interpretation of radiographs.  Survey radiographs consist of VD and lateral views.  For a proper VD view, position the bird with its back to the cassette and wings and legs fully extended; the keel should be superimposed over the vertebral column.  A lateral view can be made by positioning the bird in lateral recumbency with the wings and legs extended away from the body.  The appendages should be slightly separate so the bones will not superimpose on one another.  If correctly positioned, the acetabulae will be on the same horizontal plane.  

Radiographic Anatomy
Gastrointestinal Tract


The GI tract is best visualized with contrast radiography, but certain structures can be identified on plain radiographs.  For contrast radiography, administer 10-25% barium sulfate solution or iohexol via crop gavage.7
a. Crop (ingluvies): the crop is an expansion of the esophagus found in many birds; it is not found in most raptors.  On the ventrodorsal view, the crop can be located on either the right or left side or even bilaterally.  The size is variable depending on the amount of feedstuffs contained within.  For contrast, one can use barium or air.

b. Proventriculus: this is the true or glandular stomach of birds.  The proventriculus is generally visible on plain films, but usually only on the lateral view.  The location on the VD view is determined by the position of the gizzard.

c. Gizzard (ventriculus): the gizzard is a thick-walled, muscular stomach, which functions in grinding the food.  It often contains ingested stone or grit to assist with the grinding.  The mucosa is protected by a tough keritinoid layer.  The gizzard is the most obvious landmark when it contains grit.  On the VD view, the gizzard is normally circular and to the left of midline with the cranial border at the level of the acetabulum.  The gizzard may appear elongated or circular on the lateral view with its dorsal surface ½ to ¾ the distance between the vertebral column and the keel.

d. Small intestines, cecum, large intestines: psittacines lack a cecum, so there is no distinct boundary between the large and small intestines.  The large intestine of psittacines is less than 1 inch long.  These structures are all located in the posterior abdomen, and because they normally do not contain much gas, they are normally not seen well with plain films.

e. Liver: the liver is bilobed in avian species.  The caudal thoracic air sacs surround the liver laterally on the VD view, but the exact caudal border cannot be delineated.  On the lateral view, the liver is located in the anterior abdomen and is bordered by the heart cranially, the gizzard and the duodenum caudally, the proventriculus dorsally, and the sternum ventrally.  The cardiac-hepatic shadow on the VD view appears as an hourglass shape unless the legs are not fully extended.

f. Spleen: on the lateral view it appears as an indistinct small spherical density cranial to the intestines and dorsal to the liver.  

Respiratory

a. Trachea: on the VD view, the trachea appears to be right of the cervical vertebrae, and has complete bony rings within the wall.

b. Lungs: the lungs are closely associated with the ribs and vertebrae.  Because birds have no diaphragm, the intercostal, abdominal, and pectoral muscles affect respiration, especially during flight.  The lungs of avian species have no alveoli as in mammals; instead they have a bronchial capillary network, the air capillaries.  Gaseous exchange in the air capillaries occurs in both inspiration and expiration, but primarily expiration.  The peripheral lung fields on the VD view are denser than the medial lung fields because of their concave shape.  On the lateral view, the lungs are found in the cranial dorsal thorax and exhibit a fine reticular or honeycombed pattern due to the end on views of the terminal bronchioles.  

c. Air sacs: air sacs are extrapulmonic extensions of some of the bronchi and are composed of mucoserous membranes.  There are nine air sacs in most avian species: two cervical, one clavicular, two cranial thoracic, two caudal thoracic, and two abdominal air sacs.  The abdominal air sacs are the most extensive.  The air sacs are normally radiolucent with their density the same as background air.  On VD, the right and left lateral diverticuli of clavicular air sacs are observed as triangular air densities in the axillary region; cranial and caudal thoracic air sacs and abdominal air sac are observed as bilaterally symmetrical air densities surrounding the heart and abdominal viscera.  On lateral view, air sacs appear as air densities between the lungs and abdominal viscera.  

Cardiovascular


On the VD view, the heart is the midline triangular silhouette that blends with liver shadow (hourglass shape).  On lateral view, the heart is the elliptical soft tissue density in ventral thorax.  The heart base and some major vessels can be seen but not the apex.  Major vessels cranial to heart should not be confused with lung or air sac masses.

Urogenital Tract  

a. Kidneys: the kidneys are located just behind the lungs in a depression in the dorsal wall of the sacrum and are made up of three lobes.  The kidneys are observed radiographically only on the lateral view as they are obscured by overlying viscera on the VD view.  On the lateral view, the kidneys appear as a lobed, rectangular organ in the dorsal posterior abdomen firmly adherent to the synsacrum.  There is no urinary bladder.  


b. Gonads: female birds usually have a single ovary on the left side, which lies somewhat anterior and ventral to the cranial pole of the left kidney and dorsal to the liver.  The testes are in the same location in males, but are seen bilaterally.  The gonads are not apparent on the VD view, but on the lateral they are seen occasionally (usually in mature breeding birds).

Skeleton


Pneumatic bones (extension of a pulmonary air sac into the medullary cavity of a bone) include the vertebral column, the sternum, the coracoid, the humerus, and the femur; proximal and distal areas may appear expanded, lytic, and osteoporotic.  Ulna is larger than, and caudal to the radius.  Carpal and metacarpal bones and fused (carpometacarpus); tibia and proximal tarsal bones are fused (tibiotarsus); and the distal tarsal bones and 2nd-4th metatarsals are fused (tarsometatarsus).

Radiographic Signs of Disease
Abdominal Disease


Visualization of a mass is a sign of abdominal disease.  The most common masses detected are hepatomegaly, renal tumors, and eggs.  If a mass cannot be located with plain films, contrast radiography may be indicated.  Displacement of abdominal viscera is a good indication of the presence of a mass.  Displacement of a grit-filled gizzard is often the most obvious finding with abdominal masses or a hernia:  

a. Ventral displacement of the gizzard is an indication of a kidney mass.

b. Ventral and caudal displacement is caused by a splenic mass.

c. Ventral and caudal displacement indicates an oviduct enlargement.

d. Posterior and ventral displacement of both the gizzard and intestines indicates an abdominal hernia.

e. Caudal displacement of the gizzard, dorsal displacement of the proventriculus, slight cranial movement of the heart, loss of the cardiohepatic hourglass shape, and encroachment into the air sacs together are all signs of hepatomegaly.  

f. Additionally, any space occupying abdominal lesion can push the liver forward and affect the cardiohepatic hourglass shape.


Other indicators of abdominal disease are: loss of abdominal air sac space, homogenous abdominal density (i.e., ascites, obesity, peritonitis), and compression of the lungs by abdominal organ pressure.  A sign of GI disease is gaseous or fluid distension of the GI tract.  This is most commonly associated with an impaction, obstruction, or inflammation.  If multiple equal sized loops of gas distended intestines are seen, paralytic ileus is often the cause.  Foreign material is also occasionally seen in the abdomen.  For example, neurologic and GI signs with the presence of metallic foreign bodies in the intestines is highly suggestive of lead toxicity.  Radiography can also reveal loss of definition or abnormalities in the density of an organ. Increased density of the kidneys without enlargement, for example, may be associated with dehydration or renal gout.  

Respiratory Disease


Respiratory disease can be detected with the presence of radiographic abnormalities of the lungs and air sacs.  Increased air sac density usually indicated airsacculitis.  In this condition, the normally radiolucent air sacs have a soft tissue density that varies from subtle “haziness” to complete consolidation.  Increased pulmonary density due to accentuation of the “reticular” pattern from infiltration around parabronchi and mesobrhonchi indicates pneumonia.  Loss of the lung “reticular” pattern can be due to fluid or caseous exudate causing pulmonary consolidation.  These exudates usually result from an infection, hypovitaminosis A, or pulmonary hemorrhage from trauma.  In addition to lung and air sac radiographic abnormalities, aerophagia can be detected which is often associated with respiratory distress.  Subcutaneous emphysema is another sign and is often associated with clavicular air sac rupture due to disease or trauma.  Tracheal lesions may also be detected such as: foreign bodies, abscesses due to hypovitaminosis A, aspergillosis lesions, and parasitic granuloma.

Cardiac Disease


Enlargement of the cardiac silhouette (cardiomegaly) and ascites are two of the most common radiographic signs of cardiac disease.  

Skeletal Disease


Skeletal disease may be detected by changes in the radiodensity of the bones.  A generalized decrease in bone density is associated with metabolic bone disease.  This disease is caused by hypovitaminosis D3 and calcium and phosphorus imbalances.  A localized decrease in bone density may result from osteomyelitis or neoplasia.  Increases in medullary bone density, medullary osteomyelosclerosis, may occur in females with hyperestrogenism.  This condition is normally seen in egg-laying females, but never to the degree as is observed with hyperestrogenism.  


In addition to changes in the density of the bones, there are also other radiographic signs of skeletal disease.  Fractures, of course, are routinely diagnosed with radiography.  Also, even though rare in birds, bone tumors can often be detected with radiographs.  Soft tissue swelling surrounding joints is suggestive of arthritis.  Collapse of the joint space and periarticular new bone formation are also indicative of arthritis.  

