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The second part of the review dealing with the diagnostic radiology of pet
and wild birds discusses the indications of radiological examination, the interpreta-
tion of radiographs taken of pathological lesions, and the differential diagnosis of
such lesions. Radiology has paramount importance in the diagnosis of diseases af-
fecting the skeletal, digestive, respiratory, urogenital and cardiovascular systems.
Certain diseases (shortage of grits, ovarian cysts) cannot be recognised without radi-
ography. Other conditions (e.g. Macaw Wasting Disease, renal tumours, egg reten-
tion) require this complementary diagnostic method for confirmation of a suspicion
based upon the clinical signs. Radiographic examination is also indicated for follow-
up of the surgical management of bone fractures and for facilitating the implantation
of transponders aimed at individual identification of the birds.

Key words: Pet birds, wild birds, radiology, diagnosis, indications, pathol-
ogical lesions

Radiology as a complementary method has an important role in the diag-
nosis of pet bird diseases and in determining the indications of surgery. Radio-
graphs may provide information on the status of organ systems and on the aeti-
ology of pathological lesions.

Table 1 summarises the commonest indications of radiography, broken down
by organ system.

Skeletal system and joints

Radiology has played an important role for the longest time as a comple-
mentary diagnostic method used for examining the skeletal system, first of all
the limbs and joints, and for monitoring the healing of bone fractures (Cooper
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and Kreel, 1976; McMillan, 1988; Paul-Murphy et al., 1990; Kostka and Kraut-
wald-Junghanns, 1991; Kostka et al., 1991; Riibel et al., 1991; Krautwald et al.,

1992).
Table 1

Indications of taking radiographs

Organ system Radiological indications

Skeletal system « traumas, fractures, luxations

follow-up of surgical interventions and the healing process
rachitis, osteomalacia of adult birds

* bone tumours and deformations

foreign body (lead shots, bullets in wild birds)

Digestive system oesophageal stenosis and obstruction, dilatation and inflammation
of the crop

* obstruction and dilatation of the glandular stomach

atrophy of the muscular stomach, shortage of grits

* lead poisoning, foreign body

+ gaseous distension of the intestines, enteritis

intestinal obstruction

hepatomegaly, hepatic cirrhosis, hepatic tumours

stenosis of the upper airways

mycoses (primarily aspergillosis) of the lungs and air sacs
* pneumonia

airsacculitis

Respiratory system

Urogenital system suspicion of renal tumour, renal enlargement, nephritis
¢ gout

ovarian and testicular tumours, ovarian cysts

* egg peritonitis, concrement, anomalies of egg formation

egg retention

Cardiovascular system « cardiomegaly
sclerosis of the aorta

In the case of luxations (Fig. 1) and fractures (Fig. 2), a radiograph is also
taken of the unaffected limb to facilitate preparation for surgery. Repeated ra-
diological examination is needed after the intervention (Bush, 1978; Redig,
1978; Kummerfeld, 1987; Holz, 1992; Beynon et al., 1996; Baumgartner and Is-
enbiigel, 1998; Dorrestein and Kummerfeld, 1998; Kummerfeld, 1998a; Kum-
merfeld, 1998b). Radiographs of wild birds often show the presence of lead
shots or bullets (Hooimeijer and Zwart, 1987; Isenbiigel and Riibel, 1987; Aver-
beck et al., 1990; Heidenreich, 1996).
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Fig. 1. Luxation of the right shoulder joint. Woodcock (Scolopax rusticola). Ventrodorsalis view
Fig. 2. Simple fracture of the right tibia and fibula. Pigeon hawk (Accipiter gentilis). Ventrodorsal view

Disturbances of bone metabolism are easy to interpret on the basis of ra-
diographs, since rachitis (Fig. 3) and osteomalacia are characterised by a de-
crease in bone mass. Radiographs taken of birds suffering from tuberculosis
show pronounced osteolysis (McMillan, 1988; Krautwald-Junghanns et al.,
1991; Riibel et al., 1991; Korbel and Kosters, 1998; Kummerfeld, 19984; Riibel
and Isenbtigel, 1998). In hypervitaminosis D and hypercalcaemia, calcic deposits
can be observed in the bones, with the occasional presence of metastatic calcifi-
cation in the kidney, lungs and glandular stomach (Schoemaker et al., 1997).
Cortical periosteal exostoses accompanied by osteolytic processes are suggestive
of hyperparathyroidism (Krautwald et al., 1987; Riibel and Isenbiigel, 1998).
Radiology is often indispensable in the diagnosis of bone tumours (Fig. 4).

Arthritis can be recognised on radiographs through inflammation of the
surrounding tissues and the weaker shadow of the bone ends. Periarticular
exostosis is a concomitant of chronic arthritis (Cooper and Kreel, 1976; Kosters
and Jakoby, 1987; Kummerfeld, 1998q).

In frequently brooding female birds, increased oestrogen level due to
ovarian cysts may lead to osteomyelosclerosis, which appears as hyperostosis on
the radiograph (McMillan, 1988; Riibel et al., 1991; Baumgartner and Isenbiigel,
1998; Krautwald et al., 1992).
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Fig. 3. Rachitis. African grey parrot (Psittacus erythacus). Ventrodorsal view
Fig. 4. Osteosarcoma. Montagu’s harrier (Circus pygargus). Ventrodorsal view

On radiographs taken of diurnal raptors and owls, the bones of the prey
animal are occasionally well discernible in the stomach. If possible, such birds
should be radiographed after one-day fasting (Hooimeijer and Zwart, 1987; Is-
enbiigel and Riibel, 1987).

Digestive organs

Pathological conditions of the oesophagus are usually more easily detect-
able on radiographs taken in latero-lateral (LL) view. Oesophageal obstruction
and stenosis is indicated by passage disturbances and accumulation of air. Ad-
vanced stages of hypovitaminosis A are characterised by epithelial metaplasia,
which is seen as thickening of the oesophageal mucosa (and enlargement of the
kidney) on the radiographs (Krautwald and Schildger, 1986; Krautwald et al.,
1987; Riibel et al., 1991).

Dilatation of the crop, which occurs primarily in old budgerigars, is often
accompanied by inflammatory processes (McMillan, 1988). On radiographs of
birds with inflammation of the crop, the wall of the crop is thickened and gives a
stronger shadow. Obstruction of the crop is a rare condition which occurs first of
all in birds of prey (Fig. 5).
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Fig. 5. Crop obstruction. Metal shadow of a leg ring of a prey animal (pigeon) stuck in the oe-
sophagus, dorsal to the base of the heart. Peregrine falcon (Falco peregrinus). Latero-lateral view

In the case of macaw wasting disease of unknown aetiology (‘neuropathic
gastric dilatation of macaws’) the glandular stomach is dilated and thin walled,
while the muscular stomach is atrophic and often filled with grits (Krautwald et al.,
1987; Riibel et al., 1991; Beynon et al., 1996; Gough et al., 1996). Contrast radiog-
raphy can be used for evaluation of the lesions to confirm the diagnosis (Fig. 6).

Fig. 6. Dilatation of the glandular stomach, one hour after the administration of contrast agent.
African grey parrot (Psittacus erythacus). Latero-lateral view

Of those pathological changes of the muscular stomach (ventriculus)
which can be studied by radiological methods, poisoning with lead and other
heavy metals is of great importance in parrots pecking at the painted wire-netting
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of their cages (Fig. 7). Foreign bodies taken up by the oral route may occur al-
most anywhere in the digestive tract; however, due to the anatomical conditions,
foreign bodies most often get stuck in the muscular stomach (Hooimeijer and
Zwart, 1987; Kosters and Jakoby, 1987; Kummerfeld, 1987; Kummerfeld and
Erhorn, 1991; Riibel et al., 1991; Beynon et al., 1996; Korbel and K&sters, 1998;
Riibel and Isenbiigel, 1998). The muscular stomach of birds affected with atro-
phy of the stomach wall does not contain grits. In contrast, in some cases there is
an excessive amount of grit in the ventriculus (Krautwald et al., 1992). Disloca-
tion of the muscular stomach is brought about by the enlargement or diminution
of some other abdominal organ. The direction of dislocation is suggestive of the
organ that caused it (McMillan, 1988; McMillan, 1996).

Fig. 7. Lead poisoning. Alexandrine parakeet (Psittacula eupatria). Latero-lateral view

The different portions of the intestinal tract cannot be distinguished on
plain radiographs. In enteritis, the intestinal loops cast a larger and denser radio-
graphic shadow (Fig. 8). In meteorism, the produced gas makes the intestines
well discernible (Riibel, 1983; McMillan, 1988; Riibel et al., 1991; Beynon et
al., 1996). For the diagnosis of ileus contrast radiographs are needed (Dorrestein
and Kummerfeld, 1998). In severe parasitic infection the initial portion of the
intestine, especially the loops of the duodenum are enlarged (Krautwald et al.,
1987; Riibel et al., 1991; Krautwald et al., 1992).

In birds with fibrotic or cirrhotic degeneration of the liver, the radio-
graphic shadow of the liver is more pronounced and slightly enlarged (Fig. 9) or
diminished (Riibel et al., 1991; Kummerfeld, 1998a).

Contrast radiography performed in birds with paralysis of the pelvic limb
may shed light on disturbances in the innervation of the gastrointestinal tract;
namely, cloacal paralysis due to a spinal cord injury may result in the accumula-
tion of faeces (Ungerechts, 1989).
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Fig. 8. Enteritis. Cockatiel (Nymphicus hollandicus). Latero-lateral view

Fig. 9. Hepatomegaly. Alexandrine parakeet (Psittacula eupatria). Ventrodorsal view

Respiratory system
Of lesions of the upper airways, tracheal injuries can be evaluated in the

same manner as in mammals. Stenosis of the trachea and syrinx, usually caused
by fungal infections, can be diagnosed by the accumulation of air in the lower
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airways, especially in the abdominal air sacs, which gives a negative contrast in
the caudal part of the coelomic cavity (Krautwald et al., 1987; Krautwald-
Junghanns, 1992).

Intensification of the pulmonary shadow is often attributable to bacterial
infections (McMillan, 1988; Riibel et al., 1991). Radiographs of birds with tu-
berculosis show the presence of multiple focus-like spots in the lungs (Riibel,
1983; Isenbiigel and Riibel, 1987; Krautwald-Junghanns et al., 1991; Krautwald
et al., 1992).

Pulmonary granulomas due to mycoses appear as asymmetric foci in the
pulmonary tissue (Riibel and Isenbiigel, 1998). Mycoses can be easily diagnosed
in ventrodorsal radiographs (the thoracic and abdominal air sacs cast an asym-
metric shadow), while in latero-lateral view (cavern formation at the borders of
air sacs) they can be detected only when the disease is well advanced (Hooimeijer
and Zwart, 1987; McMillan, 1988; McMillan and Petrak, 1989; Riibel et al.,
1991; Krautwald et al., 1992; Krautwald-Junghanns, 1992; Korbel et al., 1993;
Beynon et al., 1996; McMillan, 1997; Dorrestein and Kummerfeld, 1998).

Enlargement of the air sacs is often attributable to the greater stress preced-
ing radiography, e.g. flying (cervical air sac) or to the already mentioned upper
airway stenosis (abdominal air sac) (James et al., 1976; Riibel and Isenbiigel, 1998).

Air sac rupture, which is usually of traumatic origin, mostly affects the in-
terclavicular air sac. In such a case, the size and location of the subcutaneous em-
physema and the injuries and foreign bodies present in the area may provide a clue
to the eliciting factor (Krautwald et al., 1987; Krautwald-Junghanns et al., 1993).

Urogenital system

The radiological diagnosis of nephritis is difficult or ambiguous. The
clinical features are much more important in the diagnosis of that condition. In
acute nephritis a markedly enlarged kidney is seen on the radiograph, while
chronic nephritis is characterised by crystalline deposits (Riibel et al., 1991;
Krautwald et al., 1992; Dorrestein and Kummerfeld, 1998).

Similar crystal formation is seen on radiographs of birds with elevated
blood uric acid content (Fig. 10). In advanced stages of uricosis occasionally the
enlargement of joints and intensification of their radiographic shadow can also
be observed (Isenbiigel and Riibel, 1987; Kummerfeld, 1987; McMillan, 1988;
Beynon et al., 1996; Baumgartner and Isenbiigel, 1998; Korbel and Kd&sters,
1998; Kummerfeld, 1998a).

Pronounced nephromegaly is suggestive of neoplastic disease (Fig. 11).
Abnormal location of the abdominal organs, especially that of the ventriculus,
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facilitates the diagnosis (Krautwald et al., 1987; Beynon et al., 1996; Heiden-
reich, 1996; McMillan, 1996; Baumgartner and Isenbiigel, 1998).

In the mating season, the ovaries and the testes can be seen cranial to the
kidneys and dorsal to the liver. These organs show enormous hyperplasia in the
reproductive season (McMillan, 1988; Riibel et al., 1991).

Fig. 11. Renal tumour. Budgerigar (Melopsittacus undulatus). Latero-lateral view

The most common radiologically detectable abnormalities of the genital
organs include obstruction of the oviduct, egg retention, and salpingitis. Ovi-
ductal obstruction may be caused by egg components, concrements consisting of
different materials (Fig. 12) or hyperplasia of the mucous membrane (Hooi-
meijer and Zwart, 1987; Kosters and Jakoby, 1987; Kummerfeld, 1987; McMil-
lan, 1988; Riibel et al., 1991; Beynon et al., 1996; Korbel and Kdsters, 1998;
Kummerfeld, 1998a; Kummerfeld, 19985).
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Fig. 12. Retained egg, concrement, osteomyelosclerosis. Budgerigar (Melopsittacus undulatus).
Ventrodorsal view

Cardiovascular system

Radiological examination of the cardiovascular system of pet birds is
mostly done by the analysis of plain radiographs. Cardiomegaly is the most im-
portant abnormality that can be detected (Rosenthal and Stamoulis, 1993).

Atherosclerosis is most often seen in old and obese parrots. On the radio-
graph, the sclerotic aorta can be followed down to the kidneys (Riibel et al.,
1991; Beynon et al., 1996; Riibel and Isenbiigel, 1998).

In birds suffering from visceral gout, uric acid deposited in the pericar-
dium may cause increased density of the cardiac silhouette (Isenbiigel and
Riibel, 1987; McMillan, 1988; Baumgartner and Isenbiigel, 1998).

According to Ungerechts (1989), contrast radiography of the heart
(angiocardiography) in parrots is justified if the cause of paroxysmal circulatory
and central nervous system disturbances cannot be determined by other diagnos-
tic methods. This method is rarely used because it is difficult to carry out.

Radiological examination also facilitates the diagnosis of the following
diseases and lesions that cannot be assigned to any of the organ systems listed
above: ascites (Fig. 13), abdominal hernia, peritonitis, splenomegaly, and splenic
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tumour (Krautwald et al., 1987; McMillan, 1988; Pugh and Bishop, 1991; Riibel
et al., 1991; Krautwald et al., 1992; Dorrestein and Kummerfeld, 1998).

Fig. 4. Transponder implanted into the head of the femur to allow individual identification.
Common buzzard (Buteo buteo). Ventrodorsal view
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The individual identification of parrots and raptors of high value is rendered
possible by the implantation of microchips under the skin, into the breast muscles
or femur (Fig. 14) or, less frequently, to some other site. Such implanted micro-
chips are radiographically detectable (Riibel et al., 1991; Heidenreich, 1996).
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