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ABSTRACT 

Seven adult apparently healthy male Joxes were lIsed in tillS Si!U},lJ. Uariiotoyica/ 

studies We,e occurred by lJ1{ra!)(?noW, P!J!ogmphy , relfOgrooe urdhnxysfograpll!i will 

ihe rodiographs were taken. flor Ihe anatornicol sWdies. fhe }oxes tt'f're Iltotooyh1!l 

bled and injected tvilh rnlxture oj 10%Iomwlull;!, 2% phellol wid 1% glllct/rIllP, Tile (N~ 

jerelti parts oJ Hie tlrinanl huel were carefully dtsscclRd, 111e artatomical jCalllres 01 

Ille kKint'!p. and urinary Iract w(~rc described illcluding. shape, [Josilion. rclaiiolls and 

dimenSfOrts. The obiained rcsu((s were cofHJX1,red wi/It Ihe radiological resulJs wId (ii.<;· 

Cl.k'>sed with thai oJ Ihe dog and cal, The restths were showed 8ren~ corn:lnllolJ /w­

tween Ow anatomical and radiological resufls. 

INTRODUCTION 

87 

Recently the tOKes have great attention of many authors (Abd El..oawad and Youssef, 1994. 

Ahmed et a1.. 1990, Kamel and Zagloul. 1997. and Abu-Zald et al..19961. Thib is owing to 

their great role in production of highly economi.c value hide and as (t zoo animal mi wt'l! a~ {jwir 

role in the diseaS(' transmission. The goal of this study is lhe identdkaHon of bol h kld~l(',\'s as to 

their size, shape, clt'n!'.lty and pusiUon. Outlining the renal pelViS, t1rclt'rs dnd their point nl ('ntry 

Into the hladder as well as the urethral length, diameter and po~ttion through the anatmnical 

fp-<liures. surfau' and lopogn.lphi('al anatomy. intrave:nolls pydof!rapliy. cystography .1nd l).seeod­

iog positive: contrast urethnwytography, 

MATERIALS AND METHODS 

Seven adult elinkaUy healthy male foxes wen' uscd in this study. TIle aVf'nl~I' body \wight 

ranging 4-6 kg. The healthy status of tbe animals were: vl'rified throU1!h clinical ('xaminalioll Hnd 

survey aixlQminal radiography. 
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Radlologleal em_tlon.: 

All procedures of radiographic e-xaJtllnaUon were made while the animal under the cffeet of xy­

la.zlne hydrochloride (3 mg/kg BW.I/M} after Kamel and Zagloul. (1997). Food withheld 12 

hQurs, a warm Map and water enema was necessary preceding each study. Both laleral and ven­

trodorsal radiographs were perfonned. A low {59 kvl and high 00 m As) and minimum time 

(0.1 5i was used as exposure factors durtng radtographk study. 

Intravenous pyelography: 

Low volume rapid infusion technique by using urogrdphin 67.6% [425 mg Iodine/kg;. TIle 

calculated dose of the contrast material was rapidly infused tnteravenously in the ('t'phaiie vein 

after the fox WaS placed In dorsaJ recumbency on the cassetle. Lateral and venlro-clorsal radio~ 

graphs was exposed immediately and 5, to, 15 and 30 minutes after InJection. The study was 

tcrminated when the follOwing criteria were met a) both kidneys had been identified and their 

size, shape, density and position evaluated" til renal pelvis oullined; c) both ureters Identified; d) 

the bladder was filled and examined (Ackerman. 1974). A compression band was placed over lhe 

bladder to aid In outlining the renal pelvis in two cases only, 

Urethro cystography 

Urethrocystography based on inlraveslcal volumes re.eommended for cysto~raphy and ufell1· 

rography In dogs and cats which vary from 6,6· 11.1 ml/kg after Juhnston et at (1982).111(' cal­

culated dose from the lower range' 6 mJ/kg of the diluted contrast media (urographin 67.6%) was 

infused through the urethra by male catheter and occiusion of the extemal urethral opining us" 

ing artery forceps. Lateral and venrro·dorsal radiographs w~ .. exposed. 

Inte'1'retI.ag the fIbn. : 

The radiographic films were interpreted using rhe light box in a dark room. The size, shape. 

poSition. different relatlons of the kidneys were identifled, Both renal pelvis. ureters course, their 

entry into the urinary bladder: bladder shape. size. and position in relation to the pelvic prim in 

empty and distended state were investigated. Bladder neck as well as the length, diameter and 

position of pelvic and penJle urethra tn both lateral and vcntro~dorsal exposures were Identified. 

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

Under the effect of anesthesla (combination ofketaminc hydcuehlorlde 30mgJ~ and xylazlHc 

hydrochloride 3 mg/kgt after Kamel and Zagloul (1997). the animals were scarilke(\ and Ihor­

oughly bled via the common carol1d artery. Then,they were lnjct:'ied with a mixlure of a IO(Yr: [or­

maltne. 2% phenol and 1% gIycertn through the common caroHd artery. Two days later, Iht" ani­

mals were dissected lor detailed description of position. shape. and surface anatomy 01 Ille 

kidneys and dIfferent part of the urtnary tract. Colored gum mUk latex was Injected through the 

ureler lor examInation of the renal pelvis and pelvic rece.';ses, The nomencJatuff' uSt'd were that 

adopted with Nomina Anatomies Ve.terlnarla (1994). as It was po~slhlc. 

RESULTS AND DISCUSSION 

The kidneys of the [ox arc smooth bean-sharwd rt'troperltoncal organs. Ea{'h has dOftiiJl lmd 

ventral surfaces, cnmial and cauda! polcs and straight medial and convex latt'nll bord("rs which 

slmllar to that of the dog (Evan., 1993). 'nle left kidney In som£' speclmenM ha;s three surfa('("s 

where the lateral border enlarged to form the lateral surface. 

The light kidney Is situated under the level of fir,,1 4 lumbar transverse processes as thai of 

the eat (Hudson. and Hamilton. 1993). Its cranlai pole is located under the transverse proce~<;. 

of the first lumbar vertebra Wig. 1 & 2) and med1al to thc lateral part of I he lasl inlt'rcIIstaJ spm'C 

(1.5 cm caudal to the uppermost part of the lasl rib). It ls emuedded In the renal fossa of Ihe liv­

er, which 1s fonned by the renal deprcs.<>ion of the rl¢ht latcralloUc lat("rally and t11(' nnnlah' pro­

cess of the caudat~ lobe medially with 'ttcntru-caudal relation to the right SUpr<H·Cr'Ht' ~land. 'nl(' 

caudal pole appears laterally between the dorsal abdominal wall and pancreas under the kvd 01 

the rourth lumbar transverse process. Smith (1999) in the dog rf'v('akd that Ihe ri;;hi kidney 

wa.-=. extendeAi from vertebrae T12 or 1'13 to L2 or W. 

'lhe left kidney Is located under the tranr;.Vf'Tst' process of the ~ird, 4th. and 5 th luml>ar venc· 

brae. It is more mobile than the right one and can be slightly dlspla{'('d nanially or caudally 

Evans and De:~Lahunta (1996) in the dog mentioned that, ii was extended flOm the second to 

fourth lumbar transverse processes. However, Hudson and HamUton (1993) meal rc('ord("d Us 

position from the second to fifth lumbar transverse processes. The cranial pole of Ihe left k!dllt')' 

is located 4-5 em caudal to the uppermost part of the Jast rib while the caudal one appears laler· 

ally hetween the- Jejunal colis and the dorsal abdonHnal wall (Fig, 3 & 41. 

The average dimensions of the nght and left kidneys arc n('arly sinHlar, mea.suring about 5.5 

em length X 2· 2.5 em thIckness X 2.5" 3 em width. 
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The right kidney of the fox is related dorsaUy to sublumbar muscles, laterally Lo the right lobe 

of the liver, diaphragm and lateral abdominal wall, ventrally to the caudate process of thr liv(~r, 

medially to the caudal vena cava and ("audo-ventrally to the cecum. (Fig. 1 & 2), HowevIT. thC' 

left kidney 1s related laterally to the spleen and lateral abdominal wall, ventrally to lhe jejunal 

eolls. descending colon and aseendlng duodenum and caudally to lhe supra~rellal gland {Fig. ;{ 

& 4), Smith (1999) tn the dog mentioned simUar results. 

DUring intravenous pyelography, hoth kidneys outlined with contrast 5-10 minutes post in­

JeeUon, The size, shape and posHion were apparent Ureters and pelvlces were apparent on suh~ 

s<,quent Ilims (Fig, 9 & 10 & II), The same results were obtained by Ackennan (1974) In the 

dogs, 

The average kidney length has been reported (5,5 cm) to be 2.4 ~ 2.5 times the Jen;4th of tilt:' 

sn:ond lumbar vertebra and 2,25· 2,4 times the length of the fourth lumbar vertebra, 

o.bome. et 81. (1972) reported that the average kidney length was 2,5· 3.5 Urnes the length 

of the second lumbar vertebra In the dog and 1.8 ~ 2.2 times the length of the fourtb lumbar ver~ 

tebra In the eat. Uoth kJdneys have the same width of 3 em. on radlogrdpbie examination. 

On ventro-dorsal radiograph, the cranial pole of the right and left kidneys was situated 2 & 5 

ern caudal to the dorsal end of the last rib respectively fF1g. 9}. nte results revealed a great corre­

lation between radiographic and anatomical measurements. Ahu-Zald. et &1. (1990) reported 

strong cOrrelation between both sonographlc and gross Ill('asurements of the renal parameters, 

Whtle Konde. et aI, (1984J reported that nephrosonogram measurements may be larger. smallcr 

or equal to the aetual gross mea::;UIT'ments, The average ratiO bclw("('f) lht' rorlical and medullary 

tissue in the saglltal section of the both kidneys of the rox was 1:4 (Fig. 5) which coinCided with 

the radtological resui1s. 

The proximal parts of both ureters were identified v.ith both kidneys at 5-10 mlnutr.s post in­

Jection of the contrast media, originating from the indented hUus of the kidneys H·'lg. 9 & 10 & 

1 n The dk~tal segment of the ureters can not be identified on both ventrodorsal and lateraJ radj· 

ographs even aftC'r r('moval of the compression band, 111is is may due to Its peristaltiC' muvcm('nt 

which in a ltnc with Ackerman (1974) in tbe dog. Radially distributed pelvic diverticula having 

smooth border were apparent 10 minutes post injection In most radiographs (Fig 9 & 10 •. 

On gross anatomy, each ureters passes frum the 1'l:'na1 hilus medially caudal to the r('nal 

blood vessles, then courses caudally In retroperitoneal course ventral to the sublurnbar muscles. 

Both urcters cross the ventral aspect of externaJ Iliac artel)' close to the pelvic inlet ventral to the 

seventh lumbar transveree process. Then. they continue caudo-ventrally in both sides of the d('­

sccnding colon crossing it to enter the urogenltat [old lateral to the ductus deferens which loops 
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around It (FIg, 6 & 8\. The ureter lhen crosses th(~ dorsal surfact' of lhc dUe! us derer<'lls, CU1Vt·S 

cranloventrally to continue obUquely In the trigone region of the urinary bladd('r. Similar r<,suHn 

were obtained by llyce. et al. (1996) and Smith (l999) in the dog. 

nUe renal pelvis in the fox is elongated funnd~"haped structure occupit·s Ihe much spnl'{' oj 

the renal sinus. [t measures about 3 x 1.5 em and projects betw('('n the renal pyramids by Hboul 

8 pelvlc rf'eesses, The renal crest projects into the middle of {itt'" pelvis (Fig. 5). Similar r('sults 

were oblain(;d in the dog (Smith, 1999) and cat (Hudson and HamUtoQ, 1993). Evane and De~ 

Lahunta (1996) in dogs recorded the presence of 5·6 pelvk diverticula, 

The bladder is pcar~shaped lOustlomembranous organ has 100fe or le,<;:s rounded ap(')(, body 

and neck. It Is compldeiy abdominal In pos-Won. sHuated in the floor of the abdomlnal cavity 

just cranial to the pelvjc inlet and ventral to the level of the la ... t three lumbar trallsvrrtiC I)ro­

ce~">es (Fig. 6 & 7 & BJ wHh ventral rf'iaHon lo the rectum and desc:encling colon aod nmdal ITla~ 

Uon to thc Jejunal colis. 

Results of urethrocYl!tography revealed that the dlslended bladder Is pear~shaped. smooth 

and unifonn In outline. Bladder i~ totally lntra·abdotninal in distended or non·disknded slate, 

Bladder neck js blunt and located cranial to the p('den ut" the pubic bOlle Wig, 12 & 13). whkh 1" 

coIncided Wltll the result obtained anatomically. Dlstmded bladder displaees the small bowl 

cranially and dorsally, 

Nickel et al. (1979) in the dog, Crouch (969). Johnetoo, et al, (1986) , Hudson and Ham­

UtOQ (1993) and Dyce et al. (1996) In the eat stated thal the bladdC'r was sth!al("d emnlal io 

the puuis when empty or dJstended. Mlyabaehi (2001) staled similar results in human. Howev­

er, Park (1978). Khanna (1976). Jakeon. et al. (I980), Mahaffey, et al. (19M}. Evans 

(1993), Anderson and Anderson (1994) and Kealy and Mekallie:ter (2000) have stated th<H 

the bladder In the dog is in part or totally intrapeMc when empty. ThC" cranlo-eaudal dinwnsion 

or the dlst{~nded bladder is 5 em while the dorsoventral dimension Is 3 em (Fl~.14). 

Three peritoneal folds are reflected lrum the bladder u\>on the pelvic and abdominal wall. one 

medIan leaves the ventral sUrtiH'£ of lhe bladder to the ventral abdominal waH as rar nanlal as 

ttle umbilicus and two lateral folds attach to the dorsolateral part of the abdominal and pdvic 

wan. SimIlar resuit:> were recQrded in the dog (Evans and De-Lahttnta. 1900). TIle cranlOf'audal 

and dorsovcntral dimensions of the distended bladder is 5.2 &: 2.t1 em respectively which is {'or~ 

related With the results of the radiographlc measurements. 

Results of ascending methroeyiography and the gross anatomy revealed that th{~ urethra in 

mate lox is thin membranous lube extends from the neck of the urinary htadder to the (;xlernal 

urethral orHke. Urethral1ength 1s ranged 18--21 (';n. 11 divjdc;~j into pelvic urc-thra w1th 6·7.5 t'm 
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lens;th and:1 mm dlUmf'kr w11l!1' Ili" p('n!lC' urdhra I"all~{' oj 12-14 nn III Icnll:!h aml:2 HUTl III dj 

amcte. {FIg. 13 & 141. 

Fig. (1 &: 2) ; The dHTercnt rdanons or the right kidney (Kl. Note lumbar veTl('l)rBC' (.}. nght In{{>r­

al luhe of lilt' liver (L), Cr( 11m Ie), nnd parH'n'<-lS iP). 

FIg. (3 &. 4) : The djfjCff'nl n'lalimls of 111& Jdt kir!Hl>y !]{). Nol(' hllnhar v<'l-ldmH' I·)' dCSt't'IHlillg 

wton (Dl, jejunal (,iJiJ~ (.11, spkf'n {5ot alld sio)tla, 11 (mL 
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Fig. (li) : Sagittal S('CliflIlO! nit' 1 i.L!ht kidt1c'.' JUI,'CII'1! with ,'olon'd ,l!um milk talex SllOWill,t! 1'rll;l) 

pdvis (H l .lIltl n'('t''','W~ (.IIHIW-';1. ITI\"II'ol!n, [XL I('(ltd pYlalnlds II') ;,md 1lII'In tu!. 

Fig. (6) I'ho\ogmph ShlfWlHe, tlw k!dnl'\''> l!1,,}, )lIYln bl), 1!fi1H\ry lllnddcf'jBL dc'>cclHlinj! I'olon 

(»), dlll'lus dckn'oh idL r;>lI11d lie.,lIlwlIl of III!' bLltkln (rL ('clll(la!c lnl.H' of 1111' 11\'1'1 

Id, nHltldJ Vf'll\\ CW.\ \"1 ;11\11 ;jbrloIlH!I,d d<lrld «I), (No!;' 111:11 Ill(' lJrln:lry lJld(ldn Is 

pU!4hcd nHlda11v dlll1HI!' kl1 kldlwv j~ Pd~II{'d I'r,lllillllyL 

Fig. (7&8): Tlw inlnt-dlldlJll1ilwl :'H!l'~illol1 oj 111(- ortn;H,,' hlmkkr (H) Note pf'lvh' IIrdllr;1 (I'). dc­

s('('ndm"; !'olm) {IJL pllhl!" ~,vlHphysis [lIH1>wl. order (til. midllk t:t'SH'lIUllllJlil',l[ lil!iI 

mcot 1m) ami dud I I:'> dden'lll- ~d), 
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Fig. (9) : Vr-nlrodorsal in1ravr-l1nm. p!,C'logr,lpily 5 1ll1l11;1es pust inlt't'lion slH1Willj,! right ami kll 

kldn('ys, Inml pl'l"is !*) Iwl"il' rc('(\<.s('s [arrows) ilnrllirs1 pan 01 the ur('tcr {til. 

Fig. (lOl : VeTl1mdorsal inlraVUHJll<; py('lo~r;J.phy ao minulr-s pn<;t in.l,,;:lioll ",\JOWhl,1.! tilt' 11;IdIKY." 

{KL urctf'{- (u), H'l1ai pdvi"- I·j <Iud urilmn' bbddrr (Ill. 

Fig. (II): VcnlfOflon;ril n'noj.!.riuo shnwil1"; ho!h kidlwys. n'n,,1 pdVlh f*l and HI'ph'!' {\ll, 

Fig. (I2); Lateral unt~ralll 'iIIHWill,t! cOlllllirte illira',lbdtllllillal position ()1l!()!Hli~I(,lHkd urlmny 

bladder {bl. 
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Fig, (13): iAli('f.l1 "ys\f),l!nu:l ,,11\)\\'11":4 il,!r .. ,,1)110111111;1\ hW;l1J:lH 01 diS1f'lId\'[: !;idtitkr Ill). hl1ll1H'd 

blndder lH'j-k (aflowL pCl\'H ,jIH! pn:ik 1\H'111I<l {I'l 

Fig. (l4): IAl.knlll·ysjqg!ill!l sl;pwill~; Ih,- ,'!d11101 ;llltLI! (n l, \Tjilmdur.."ll (V!)) dl11lt'USIOll,'i of Ill(' 

\lrinary hl:-Hllkr and 1'1'1\,,\, :mrll"'llili' PITi;l!"d : pl. 
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