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ABSTRACT

Seven adult apparently healthy male foxes were used in this siudy. Radiologitl
studies were occurred by intravenous pylography . retrograde wrethrocystograping and
the radiographs were taken. For the anatomical studies. (he joxes were thoroughly
bled and injected with mixture of 1086 formaline, 29 phenol and 196 glycerine. The dif-
Jerent parts of the urinary tract were carefully dissected. The anatomical fealiwres of
the kidneys and urinary iract were described inchiding, shape, posdion. retations and
dimensions. The obfained results were compared with the radiologicul resulis and dis-
cussed with thaf of the dog and cal. The restits were showed greut correlation be-

(ween the anatomical and radiological resulls.

INTRODUCTION

Recently thc loxes have great attention of many autihors (Abd El-Gawad and Youssef, 1994,
Ahmed et al.,, 1990, Kame) and Zagloul. 1997, and Abu-Zald et al.,1996). This is owing {0
their great role in production of highly economic value hide and as a zoo animal as well as {heir
role in the diseasc transmission. The geal ol this study is the identification of both kiditeys as (0
their size, shape, density and position. Oullining the renal pelvis, urclers and their poinl of entry
into the hladdcr as well as the urcthral length. diameter and position theough (he anatondeal
features. surfacce and topographical anatomy. intravenous pyclography. cyslography and asecnd-

ing positlye contrast urethrocytography.

MATERIALS AND METHODS

Seven adult elinically healthy male foxes were used in this study. The average Lody weight
ranging 4-6 kg. The healthy status of the animals were verified (hrough clinical exanination and
survey abdominal radiography.
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Radiological examinations:

All procedures of radiographic examination were made while the animal under the effeet of xy-
lazine hydrochlorde (3 mg/kg BW.1/M} alter Kamel and Zagloul, {(1987). Food withheld 12
hours. a warm soap and water enema was necessary preceding each study. Both laleral and ven-
trodorsal radiographs were performed. A low (69 kv) and high (10 m As) and minimum time

(0.1 s) was uscd as exposure [actors during radlographic study.

Intravenous pyelography :

Low volume rapid infusion technique by using urographin 67.6% (425 mg lodine/kg). The
calculated dose of the contrast material was rapidly infused interavenously in the vephalic vein
after the lox was placed In dorsal recumbency on the cassette. Lateral and ventro-dorsal radio-
graphs was exposcd immediatcly and 5, 10, 15 and 30 minutes aller infection. The study was
tcrminated when the [ollowing criteria were mct a) both kidneys had been ldentified and their
size, shape, density and position evaluated., b) renal pelvis outlined. c) both uretcrs identified: d)
the bladder was filled and examined [Ackerman, 1974). A compresston band was placed aver Lhe

bladder to aid in outlining the renal pelvis in two cases only.

Urethro cystography

Urethrocystography based on intravesical volumes recommended for cystography and ureth-
rography in dogs and cats which vary from 6.6 - 11.1 ml/kg after Johnston et al. (1982). The cal-
eulated dose [rom the lower range 6 ml/kg of the diluted contrast medla (urographin 67.6%) was
infused through the urethra by male catheter and occlusion of the external urethral opining ws-

ing artery forceps. Lateral and ventro-dorsal radlographs was exposed.

Interpreting the films :

The radlographic films were Interpreted using the light box in a dark room. The size, shape,
position, differcnt relatlons of the kidneys were identified. Both renal pelvis, ureters course, their
entry into the urinary bladder: bladder shapc, size, and position in relation to the pelvie prim in
empty and distended state were investigated. Bladder neck as well as the length, diameter and
position of pelvic and penlle urethra in both lateral and ventro-dorsal exposures were identified.

Survey radiographs were kept for comparison to contrast radiographs.
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Anatomical Study :

Under the effect of anesthesla (combination of ketamine hydrochloride 30mg/ky and xylazine
hydrochloride 3 mg/kg) after Kamel and Zagloul (1897). the animals were scariticed and thor-
oughly bled via thc common carotid artcry. Then.they were Injected with a mixture ol a 10% for-
maline, 2% phenol and 1% glycertn through the common carotid artery. Two days later. (he ani-
mals were dissected for detalled description of pusition, shape, and surtace anatomy ol the
kidneys and different part of the urtnary tract, Colorcd gum milk latex was injected through the
urcter for examination ol the renal pelvis and pelvic recesses. The nomenclature used were that

adopted with Nomina Anatomica Veterlnaria (1994). as it was possihle.

RESULTS AND DISCUSSION

The kidneys of the fox arc smooth bean-shaped retroperitoncal organs. Each has dorsal and
ventral surfaces, cranlfal and caudal poles and straight medial and convex lateral borders which
similar 1o that of (he dog (Evans, 1993). The left kidney in some specimens has thrce surfaces

where the lateral border enlarged to form the lateral surface,

The right kidncy ts situated under the level of lirst 4 lumbar transversc processes as that of
the eat {(Hudaon and Hamilton, 1993). its cranial pole is located under the transverse process
of the fisst lumbar veriebra (Fig. ! & 2} and medial to the lateral part of the last intercostal space
(1.5 cm caudal ta the uppermost part of the last rib). It Is embedded in the renal fossa of the liv-
er, which is formed by the renal depression of the right lateral lobe lalerally and the caudale pro-
cess of the caudate lobe medially with ventro-caudal relation to the right supra-renal gland. The
caudal pole appears latcrally between the dorsal abdominal wall and pancreas under (he level of
the fourth lumbar transverse process. Smith (1999) in the dog revcaled thal the right kidney

was extended Irom vertebrae T12 or T13 to L2 or LY.

The left Kidney Is located under the transverse process of the 319, 4th, and 5" lumbar verte-
brae. !t 1s more mobile than the right one and can be slightly displaced cranially or caudally.
Evanas and De-Lahunta (1986) in the dog mentioned that. it was extended from thie second o
fousth lumbar transverse pracesses. However, Hudson and Hamilton {1993) in cal recordcd iis
position from the second to fifth lumbar transverse processes. The cranial pole of the left kidney
Is located 4-5 cm caudal to the ilpperinost part of the last rib while the caudal one appears laler-
ally hetween the Jejunal colls and the dorsal abdominal wall (Fig. 3 & 4).

The average dimensions of the right and left kidneys are ncarly simtlar, measuring about 5.5
cm length X 2 - 2.5 cm thickness X 2.5 - 3 cm width.
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The right kidney of the fox is related dorsally to sublumbar muscles, laterally Lo the right lobe
of the liver, diaphragm and lateral abdominal wall, ventrally to the caudate process of the liver,
medially to the caudal vena cava and caudo-ventrally to the cecum. (Fig. | & 2). However. the
left kidney s related latcrally to the spleen and lateral abdominal wall, ventrally to the jejunal
eolls, descending colon and aseending duodenum and eaudally to the supra-renal gland (Fig. 3
& 4). Smith (1999) in the dog mentloned simllar results.

During intravenous pyelography, hoth kidneys outlined with contrast 5-10 minutes post in-
Jeetion. The size, shape and postlon were apparent. Ureters and pelvices were apparent on suh-
scquent (ilms (Fig. 9 & 10 & 11). The same results were obtained by Ackerman (1974) tn (e
digs.

The average kidney length has been reporied (5.5 cm) to be 2.4 - 2.5 times the length of the
second  lumbar  vertebra and 2.25 - 2.4 times the length of the fourth lumbar vertebra.
Osborne, et al. (1972) reported that the average kidney length was 2.5 - 3.5 times the length
of the seeond lumbar veriebra (n the dog and 1.8 - 2.2 times the length of the [ourth lumbar ver-

tebra in the eat. Both kidneys have the same width of 3 em. on radiographie examination.

On ventro-dorsal radlograph, the cranial pole of the Hght and lelt kidneys was situated 2 & 5
cm caudal to the dorsal end of the last rib respectively (Fig. 9}. The results revealed a great corre-
lation between radiographic and analomical measurements. Abu-Zald, et al. (1890) reported
strong correlation between both sonographlc and gross measurements of the renal parameters.
While Konde, et al. (1984) rcporicd that nephrosonogram nieasurements may be larger, smaller \
or equal to the aetual gross measurcments. The average ratio between the cortical and medullary
tissue in the sagittal section ol the both kidneys of the fox was 1:4 (Fig. 5) which coincided with

the radiological resulis.

The proximal parts of both ureters were identified with both kidneys at 5-10 minutcs post in-
Jection of the contrast media, originating from the indented hilus ol the kidneys (Fig. 9 & 10 &
11). The distal segment of the uretcrs can not be identificd on both ventrodorsal and lateral radi-
ographs even afier removal ol the compression band. This is may duc to its peristaltic movement
whieh in a Hnc with Ackerman {1974) in the dog. Radially distributed pelvie diverticula having

smooth border were apparent 10 minutes post injection in most radiographs (Fig 9 & 10).

On gross anatomy, cach ureters passes {rom the renal bilus medially caudal 1o the renal
blood vessles. then courses caudally In retroperitoneal coursc ventral to the sublumbar muscles.
Both urcters cross the ventral aspect of external iliac artery closc to the pelvic inlet ventral to the
seventh lumbar transverse process. Then, they continue caudo-ventrally in both sides of the de-

scending colon crossing it to enter the urogenttal fold lateral to the ductus delerens which loops
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around it (Fig. 6 & B). The ureter then crosses the dorsal surface of the ductus deferens. curves
cranloventrally to continue obliquely In the trigone region of the urinary bladder. Shnilar resulls
were obtained by Dyce, et al. (1998) and Smith (1999) in the dog .

The renal pelvis In the lox is elongated (unuel-shaped structure occupics the much space ol
the renal sinus. It measures about 3 x 1.5 cm and projects between the renal pyramids by aboul
8 pelvic rceesses, The renal crest projects into the middle of the pelvis (Fig. 5). Similar results
were oblained in the dog (Smith, 1999) and cal (Hudson and Hamiltoa, 1993). Evans and De-
Lahunta (1996) in dogs recorded the presencc of 5-6 pelvic diverticula.

The bladder is pcar-shaped inusclomembranous organ has more or less rounded apex, body
and neck. It Is completely abdomina) In position, situated in the floor of the abdominal cavity
just cranial to the pelvic inlet and ventral 1o the level ol the last threc lambar transverse pro-
cesses (Fig. 6 & 7 & 8) with ventral relation (o the rectum and descending coton and caudal rela-

tion to the jejunal colls .

Results of urethrocystography revealcd that the dislended bladder is pear-shaped. smooth
and uniform {n outline. Bladder is {otally Intra-abdoiminal in distended or non-distended siate.
Bladder neck is blunl and located cranial to the pecten of the pubtc bone (Fig, 12 & 13), which is
colncided with the result oblained anatomically. Dlstended bladder displaecs the small howl

cranially and dorsally.

Nickel et al. (1979) in the dog, Crouch (1989), Johnston, et al. (1988) , Hudson and Ham-
liton (1993) and Dyce et al. (1998) in the cal stated that the bladder was sttuated cranial lo
the pubis when empty or distcnded, Mlyabashi {2001) stated similar resuits in human. Howev-
er, Park (1978), Khanna (1976), Jakson, et gl. {1980), Mahaffey, et al. (1984), Evans
(1993), Anderson and Anderson {(1994) and Kealy and McKallister (2000) have stated that
the bladder In the dog iIs in part or totally intrapelvic when empty. The ¢ranlo-caudal dimension

of the distended bladder is 5 em while the dorsoventral dimension 1s 3 em (Flg. 14).

Three peritoneal folds are reflected from the bladder upon the pelvic and abdominal wall, one
median leaves the ventral surface ol the bladder to the veniral abdominal wall as far cranial as
the umbilicus and two latcral folds attach to the dorsolateral part of the abdominal and pulivic
wall. Similar results were recorded in the dog (Evans and De-Lahunta, 1996). The craniocaudal
and dorsovcntral dimenslons of the distended bladder is 5.2 & 2.8 cin respectively which is cor-

related with the results of the radiographic measurements.

Results of aseending urethrocytodraphy and the gross anatomy revealed that the urethra in
male lox is thin membranous lube cxtends from thc neck of the urinary bladder to the external

urethral oriflce. Urethral length Is ranged 18-21 cm. It divides into pelvic urethra with 6-7.5 cm
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length and 3 mm diameter while (he peaile urethra range of 12- 14 eminclength and 2 mm in di

ameter (Fig. 13 & 14).

Fig. (1 & 2) : The different relations ol the right kidney (K). Note lumbar vertebrae (*), right fater-

al lobe of the liver (1), Cecum (C), and pancreas ().

Fig. (3 & 4) : The dillercnl relations of {he left kidney (K). Note lumbay vertebrae (%), descending

colon (D), jejunal conls (J), spleen (S) and stoach hn}.
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Fig. (5) : Sagttal sechion of the 1idhl kidoey injeried with eolored gum milk lalex showing rena)

pelvis (R) and vecesses (amaws), renal cortex (X), renal pyranids (17 and mreter ().

Fig. (6) : Pholograplh showing the kelneys (R). vreler (1), arinary bladder (13), descending colon
(1), ducius deferens (). ronnd hgament of the bladder (v ), candate lobe ot the hivel
(©). caudal venie cava (M) and abdonnnal aarta (a). (Nole tlee the ievuiry bladder s

pushed candallv and the left Kidney is pushed eranially).

Fig. (7&8) : The intra-abdominal sitvation of the uomary Dladder (13). Note pelvie ueethra (1), de-
scending calan (DL pubie syimphvsis (arrowl. areer (ul, middle vesieaunublical Tiga

ment (M) ancl ductus deferens {dl.
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Fig. (9) : Ventrodorsal infravenovus pyclography 5 minutes post injection showing right and lell

Kidnevs, renal pelvis (%), pelvie recesses [arrows) and lirst part of the urcler {u).

Fig. (10) : Ventrodorsal intravenous pyclography 30 minules post injection showing the Ridneys

(K). ureter (u), renal pelvis (*) and urinary bladder (D).
Fig. (11) : Ventrodorsal renogram showing both Kidneys, renal pelvis (% and ureier (u),

Fig. (12) : Lalcral urogram showing complete intra- abdominal position of non-distended urinary

Lladder ().
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Fig. (13) ¢ Cateral cystogrant shunning sutra abstoms al Tocition of dhsteaded Bladder (0. blhugded

bladdder neck et pelvee and pegde vrethuy (03

Fig. (14) : Lateral rystogiam shrowmg the cratoranidal {er) vonnrodorsal (VD) dimensuans of the

urinary bladder and petvae and pentle arevhira 1 p).
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