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ABSTRACT 
 

The aim of this work is to throw more light on using some recent techniques as ultrasound, computed tomography (CT), 

and contrast radiography in examination of the kidney of Balady rabbit. The current work was carried out on 23adult 

healthy Balady rabbits. Topographical, morphometrical and radiographical examination on kidneys were occurred. 

Ultrasonographically, the animal was examined in both dorsal and lateral recumbency. Both kidneys were scanned in 

longitudinal and transverse planes. The different ultrasonographic measurements of both kidneyswere recorded.The 

rabbit was positioned in ventral recumbency and CT images were taken without contrast medium using multi-slices CT 

system. The right kidney was slightly anterior to the level of left one by its length. The right lobe of liver separated the 

right kidney from the stomach cranially. The left kidney was separated from the stomach and spleen with the ascending 

duodenum and jejunum. By contrast radiographs, both kidneys appeared clearly as dense soft tissues with distinct borders 

against the neighboring vertebrae and ribs. In the longitudinal ultrasonographic scanning plane, the medulla revealed 

anechoic nearly circular areas represented the peri-pelvic columns which separated by hyperechoic secondary septa. The 

main pelvic septum appeared hyperechoic. We could easily distinguish between the cortex and medulla in both 

longitudinal and transverse scanning plane. Therefore, we hope to contribute to clinic and histopathological diagnosis of 

kidney diseases. 
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INTRODUCTION 
 

The rabbit is considered as a suitable experimental 
model for research of kidney transplantations in human 
(Wu et al. 2003) and one of the most widely distributed 
animal species used in economical purposes and 
laboratory studies. Recently, it is kept as pets (Hristov et 
al. 2006). The rabbit is a good biological model for 
clinical and anatomical study of the kidney lesions in 
animals (Dimitrov et al. 2012). There are many authors 
dealt with the kidneys of experimental animals as Dorotea 
et al. (2016a) in domestic rat, Makungu et al. (2016), 
Mazensky and Flesarova (2017) in guinea pig, Thrall 
(2017) and Al-Kelaby et al. (2018) in rabbits and  
(Sánchez-Solís et al. 2018, Souza et al. 2018; Dal Monte 
et al. 2019) in rats. 

Ultrasonography allows imaging of the internal 
parenchyma of the organ and differentiating between fluid 
and soft tissues (Redrobe 2001). Ultrasonographic 

examination of the urinary tract is commonly used in 
veterinary medicine (Mantis 2008). The survey 
radiography and ultrasonography of the abdominal cavity 
are considered as complementary tools for examination of 
the rabbit diseases (Redrobe 2013). As Doppler ultrasound 
equipment examination is being widespread and 
quantitative analysis of the intrarenal arteries, it has been 
quickly extrapolated to veterinary medicine (Ostrowska et 
al. 2016). 

Recently, there is an increase in the use of computed 

tomography (CT) of the body cavities as an important and 

useful imaging modality in veterinary medicine as it can 

provide high-detail images of the thorax and abdomen 

(Samii et al. 1998). Computed tomography (CT) is a most 

valuable technique used for the diagnosis of abdominal 

diseases and has become the imaging method of choice 

for the abdomen in the human medicine (El Sherif et al. 

1999; Novelline et al. 1999; Ibrahim et al. 2019). 
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In veterinary medicine, however, x-ray and 

ultrasound are the imaging methods of choice for the 

abdomen but computed tomography (CT) can provide 

information that cannot be obtained by other methods 

(Gavrilas et al. 2016). This is due to a better 

differentiation between the different CT tissue densities in 

the abdominal cavity (Fike et al. 1980; Stickle and 

Hathcock 1993). Some authors such as Moarabi et al. 

(2011), Dimitrov (2012), Redrobe (2013) and Banzato et 

al. (2014a) studied the sonographic features of the rabbit 

kidneys, but there are no comprehensive studies dealt with 

the radiographic examination and computed tomography. 

So, the aim of this work is to throw more light on using 

some recent techniques as ultrasound, computed 

tomography (CT) and contrast radiography in examination 

of the kidney of Balady rabbit. Therefore, we hope to 

contribute to clinic and histopathological diagnosis of 

kidney diseases. 

 

MATERIALS AND METHODS 

 

The current work was carried out on 23adult healthy 

Balady rabbits of both sexes with variable ages and were 

weighted 2-3.5kg. The animals were collected from 

villages of Zagazig, Sharkia, Egypt. All animals managed 

according to Animal Ethical Committee of Faculty of 

Veterinary Medicine, Zagazig University, Egypt. 

 

Topographical and Morphometrical Examination 

In this study, 10 rabbits were slaughtered humanely, 

and their thoracic cavities were opened then injected with 

10% formalin solution (10% formalin, 3% glycerin and 

1% thymol) through the thoracic aorta. The injected 

specimens were preserved in the same formalin solution 

with intact abdomen for two weeks till complete fixation 

of organs. The abdomen of fixed rabbits was opened 

ventrally and laterally with removal of the abdominal 

muscles and dissected for detection of position and 

relations of each kidney with adjacent organs inside the 

abdominal cavity. The specimens were photographed by a 

digital camera with resolution (16.1megapixels, Sony 

DSC-W690, 36V and 10x optical zoom). After removal of 

the kidneys from their position, the different 

measurements of the kidneys were obtained. The length 

and width of the kidneys were estimated by using a 

graduated tape, while the weight was obtained by using a 

digital scale. 

 

Gray scale Ultrasonographic Examination 

Five rabbits were sedated with a mixture of Ketamine 

HCL (35mg/kg bwt) and Xylazine (5mg/kg bwt) injected 

im (Lin 2007). The hair on the abdomen was shaved from 

the sternum to the pubis wide enough on left and right 

sides and applied enough acoustic gel. The animal was 

examined in both dorsal and lateral recumbency for 

obtaining a complete scanning of the right and left 

kidneys and their relations with the adjacent organs. Both 

kidneys were scanned in longitudinal and transverse 

planes. The different ultrasonographic measurements of 

both kidneys including the length measured from the 

cranial to caudal poles of the kidney (in the longitudinal 

scanning plane), the width measured from lateral to 

medial borders of the kidney (in the transverse scanning 

plane) and the depth measured from dorsal to ventral 

surfaces of the kidney (in the transverse and longitudinal 

scanning plane) were recorded. The echogenicity of the 

different parts of the kidney comparing with the adjacent 

organs was determined. 

The gray scale ultrasound examination was 

performed at Department of Surgery, Anesthesiology and 

Radiology and Department of Obstetrics and Gynecology, 

Faculty of Veterinary Medicine, Zagazig University, 

Egypt. The images were taken with a linear probe 

(frequency 4-9MHz) connected to ultrasound equipment: 

SonoScape A5v and Esaote MyLab (Nither Land).  

 

Radiographic Examination 

After sedation and anesthesia with the previous 

mixture of Ketamine HCL and Xylazine solution, five 

rabbits were injected with non-ionic contrast medium, 

iohexol injection 76% (Omnipaque®350), 350mg/mL, 

3mL/kg bwt (GE Healthcare, Ireland), in the blood stream 

through the retro-auricular vein (Dimitrov and Chaprazov 

2012). Lateral and ventro-dorsal radiographic views were 

taken, before and after administration of the contrast 

medium, every five minutes until the contrast medium 

completely excreted for detection the position of both 

kidneys in relation to the vertebrae and the adjacent 

organs. The examination was performed at Dr. Khaled 

Abdul Aziz Sonoscan center in Zagazig, Sharkia 

Governorate using the digital diagnostic X-ray machine 

DRGEM, made in Korea with exposure factors 60-65KV, 

320MA and 17MAs. Within five minutes from injection 

the contrast medium, both kidneys began to appear clearly 

with distinct borders against the surrounding structures, 

but renal pelvis and ureter could not be observed.  

Within ten minutes of injecting the contrast medium, 

the ureter and renal pelvis filled with the radiopaque 

contrast medium began to appear. Within fifteen minutes 

from injection of the contrast medium, we could observe 

the ureters and urinary bladder (Dimitrov and Chaprazov 

2012). 

 

Computed Tomography Scan (CT) 

CT study was performed at AL-Bayan center in 

Belbes, Sharkia Governorate. Three rabbits were 

anesthetized with the previous mixture of Ketamine HCL 

and Xylazine solution. The rabbit was positioned in ventral 

recumbency, and CT images were taken without contrast 

medium using multi-slices CT system (Somatom Sensation 

16) which can acquire up to 32 slices per second with fast 

whole-body scan time of 0.5seconds, 50kW X-Ray 

Generator, Multiple kV and mA techniques and 5.0MHU 

X-Ray Tube. Series of 1mm-thick transverse slices were 

taken on the thorax and abdomen from the first rib till hip 

joint and scanning along the sagittal and dorsal (coronal) 

planes was also performed. Immediately after CT imaging, 

two rabbits were slaughtered and freezed at -20ºC in the 

same position as CT imaging (ventral recumbency). After 

freezing, the cadavers were sectioned into 2cm-thick 

transverse sections perpendicular on the longitudinal axis 

of rabbit trunk at spinous process of each vertebra from the 

last thoracic vertebra till fourth lumbar vertebra using an 

electric band saw and comparison between cross anatomic 

sections and CT transverse slices was obtained. The other 

rabbit was slaughtered and freezed at -20ºC in ventral 
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recumbency then, was sectioned into right and left 

paramedian sagittal sections every 1cm parallel to midline 

of rabbit trunk for studying relations of both kidneys 

(Fig.1). The anatomical nomenclature used in this study 

was based on Nomina Anatomica Veterinaria (2017), 

whenever possible. 

 

RESULTS 

 

The right kidney was slightly anterior to the level of 

left one by its length (Fig. 2A & B). The right kidney 

(Ren dexter) extended from last thoracic to first lumbar 

vertebrae, was related dorsally to transverse processes of 

first and second lumbar vertebrae. The right kidney was 

related to the last two ribs laterally (Fig. 2, 3A &B). The 

left kidney (Ren sinister) was not extended to thoracic 

cage as it was situated at the level of second and third 

lumbar vertebrae. It was related dorsally to transverse 

processes of second, third and fourth lumbar vertebrae 

(Fig. 2, 3A & C).  

By contrast radiographs, both kidneys appeared 

clearly as dense soft tissues with distinct borders against 

the neighboring vertebrae and ribs. The intestinal parts 

which were radiolucent structures appeared black due to 

gases. The left kidney was situated caudal to the right one 

in the dorsoventral view (Fig. 2B) and appeared 

caudoventrally to the right kidney in the lateral view (Fig. 

3A). The renal parenchyma was distinguished into a 

higher opacity medulla than the cortex (Fig. 2B & 3A). 

The renal pelvis and ureter began to be filled with the 

radiopaque contrast medium so the renal pelvis appeared 

as radiopaque finger like projections at the medial border 

in ventro-dorsal view (Fig. 2B) and at the center of the 

kidney in lateral view (Fig. 3A). The ureter could be 

detected as a white tube extended from renal pelvis 

caudally till the urinary bladder (Fig. 3A). 

The descending duodenum passed ventral to right 

kidney and extended to its caudal extremity separating it 

from the descending and ascending colon in addition to 

cecum (Fig. 3B). The right lobe of liver separated the 

right kidney from the stomach cranially (Fig. 4A). The 

right kidney was related to the descending colon and 

cecum ventrally and caudoventrally and the duodenum 

with pancreas cranioventrally (Fig. 4 & 5).  

The right lateral and caudate lobes of the liver capped 

the right kidney cranioventrally under the last intercostal 

space forming a renal impression on their surface without 

hepatorenal ligament between them (Fig. 4A, 5A & B). 

The right adrenal gland could be seen embedded in 

perirenal fat craniomedial to the right kidney (Fig. 5C & 

D). 

The sequence examination of the anatomic frozen 

cross sections, transverse and coronal CT images 

revealed, the kidneys were situated at upper part of the 

abdomen in lateral abdominal region to the right and left 

of the median plane. The right kidney firstly appeared 

followed by the left one in the contiguous anatomic cross 

sections and CT images (Fig. 5 & 6A). The caudate lobe 

of the liver and the right kidney density were the same, 

but the perirenal fat could differentiate between them by 

its hypodensic image as it appeared dark gray between 

them (Fig. 4B, 5B & 6A). Part of the rib appeared as a 

white structure with a higher tissue density bordered the 

right kidney laterally (Fig. 5B). 

The caudal vena cava, adrenal gland, lateral 

abdominal wall and sublumbar muscles appeared gray as 

they had intermediate tissue density (Fig. 5B & D). The 

intestinal parts appeared with different tissue densities as 

its  wall appeared gray and the lumen was black due to the  

 

 
 

Fig. 1: A photomacrograph showing multi-slices CT system 

(Somatom Sensation 16) used in this study (A). A 

photomacrograph showing the range of frozen cross anatomical 

sections, every 2cm perpendicular on the longitudinal axis of the 

trunk of rabbit from cranial to caudal (B). A photomacrograph 

showing the range of frozen paramedian anatomical sagittal 

sections, every 1cm parallel to the midline of the trunk of rabbit 

(C) Showing first cross section at the last thoracic vertebra (1st), 

Second cross section at first lumbar vertebra (2nd), Third cross 

section at second lumbar vertebra (3rd), Fourth cross section at 

third lumbar vertebra (4th), Fifth cross section at fourth lumbar 

vertebra (5th), Midline sagittal section (M), First right 

paramedian sagittal section (R1), Second right paramedian 

sagittal section (R2), First left paramedian sagittal section (L1), 

Second left paramedian sagittal section (L2), Right (R), Left (L), 

Cranial (Cr), Caudal (Cd). 
 

 
 

Fig. 2: A photomacrograph of rabbit showing position of both 

kidneys in relation to vertebrae (A). A contrast radiograph of 

rabbit showing position and relation of both kidneys 

(ventrodorsal view) (B) Showing: Ren dexter (RD), Ren sinister 

(RS), Duodenum (Du), Hepar (H), Uterus (F), Colon 

Descendens (Co), Cecum (Ce), Jejunum (Je), Ventriculus (Ve), 

Pelvis renalis (P), Ureter (ut), Thirteenth thoracic vertebra (T13), 

First lumbar vertebra (L1), Second lumbar vertebra (L2), Third 

lumbar vertebra (L3), Fourth lumbar vertebra (L4), Cranial (Cr), 

Caudal (Cd) and Right (R). 
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presence of low CT density feces and gases (Fig. 5B, D & 

6A). The kidney by CT scan could be imaged as a 

homogenous soft tissue density and gray colored as it had 

an intermediate tissue density. There was no difference in 

the density between cortex and medulla (Fig. 6A). 

 

 
 
Fig. 3: A contrast radiograph of rabbit showing the position and 

relations of both kidneys (lateral view) (A). A photomacrograph 

of rabbit showing the position and relation of the right kidney 

(B). A photomacrograph of rabbit showing the position and 

relation of the left kidney (C)Showing: Ren dexter (RD), Ren 

sinister (RS), Duodenum (Du), Hepar (H), Uterus (F), Colon 

Descendens (Co), Cecum (Ce), Jejunum (Je), Ventriculus (Ve), 

Pelvis renalis (P), Ureter (ut), Thirteenth thoracic vertebra (T13), 

First lumbar vertebra (L1), Second lumbar vertebra (L2), Third 

lumbar vertebra (L3), Fourth lumbar vertebra (L4), Cranial (Cr), 

Caudal (Cd), Last intercostal space (*) and Vesica urinaria (Vu). 
 

 
 

Fig. 4: A photomacrograph of the second right paramedian 

sagittal section showing the right kidney and its relations (A). 

Acoronal computed tomography (CT) scan of rabbit showing the 

right kidney and its relations (B) Showing Ren dexter (RD), 

Duodenum (Du), Ventriculus (Ve), Hepar (H), Colon 

descendens (Co), Cecum (Ce), Cranial (Cr), Caudal (Cd), 

Ventral (V) and Dorsal (D). 

In the radiographic image, the renal hilus appeared as 

a central depression with low opacity on the middle of the 

medial border, as it contained fat with low density (Fig. 

6B).  

 

 
 

Fig. 5: A photomacrograph of the second frozen cross 

anatomical section showing the right kidney and its relation at 

the level of the first lumbar vertebra (A). A transverse computed 

tomography (CT) scan of rabbit at the level of the first lumbar 

vertebra (B). A photomacrograph of the third frozen cross 

anatomical section showing the right kidney and its relation at 

the level of the second lumbar vertebra (C). A transverse 

computed tomography (CT) scan of rabbit at the level of the 

second lumbar vertebra (D) Showing first lumbar vertebra 

(L1),Second lumbar vertebra (L2), Ren dexter (RD), Lien (L), 

Ventriculus (Ve), Duodenum (Du), Colon descendens (Co), 

Cecum (Ce), Hepar (H), Costa (r), Jejunum (Je),Sublumbar 

muscles (1), M. longissimus lumborum (2),Right lateral 

abdominal wall (3), Aorta abdominalis (a), Right renal vessels 

(b), Vena cava caudalis (d), Glandula adrenalis dexter (g) and  

Capsula adipose (*). 
 

 
 

Fig. 6: Acoronal computed tomography (CT) scan of rabbit 

showing both kidneys and their relations (A). A contrast 

radiography of rabbit showing the relations of both kidneys 

(ventrodorsal view) (B). Ultrasonographic image of the right 

kidney in a longitudinal scanning plane related to the liver 

(dorsal recumbency). (C) Showing Ren dexter (RD), Ren sinister 

(RS), Cortex renis (cx), Medulla renis (m), Pelvis renalis (P), 

Hilus renalis (h), Renal capsule (r), Duodenum (Du), Hepar (H), 

Colon Descendens (Co), Cecum (Ce), Jejunum (Je), Ventriculus 

(Ve), Impressio renalis (White arrow), Vesica urinaria (Vu), 

Perirenal fat (*), Cranial (Cr) and Caudal (Cd). 
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Fig. 7:A photomacrograph of rabbit showing the left kidney and 

its relation (A). Aphotomacrograph showing the first left 

paramedian sagittal section (B). Aphotomacrograph showing the 

second left paramedian sagittal section (C) Showing: Ren 

sinister (RS), Duodenum (Du), Ventriculus (Ve), Hepar (H), 

Colon descendens (Co), Cecum (Ce), Jejunum (Je), Uterus (F), 

Lien (L), Cranial (Cr), Caudal (Cd), Ventral (V) and Dorsal (D). 

 

 
 

Fig. 8: A photomacrograph of the fourth frozen cross anatomical 

section showing the left kidney and its relation at the level of 

third lumbar vertebra (A). A transverse computed tomography 

(CT) scan of rabbit at the level of third lumbar vertebra (B). A 

photomacrograph of the fifth frozen cross anatomical section 

showing the left kidney and its relation at the level of fourth 

lumbar vertebra (C). A transverse computed tomography (CT) 

scan of rabbit at the level of fourth lumbar vertebra 

(D).Showing:Third lumbar vertebra (L3),Fourth lumbar vertebra 

(L4), Ren sinister (RS), hilus renalis (h), Duodenum (Du), Colon 

descendens (Co), Cecum (Ce), Jejunum (Je), Sublumbar muscles 

(1), M. longissimus lumborum (2), Left lateral abdominal wall 

(3), Vena cava caudalis (d), Glandula adrenalis sinister (g) and 

Capsula adipose (*). 

 
 

Fig. 9: Ultrasonographic image of the left kidney in a 

longitudinal scanning plane related with sublumbar muscles 

(dorsal recumbency) (A). Ultrasonographic image of the kidney 

in a longitudinal scanning plane showing the length of the 

kidney from cranial to caudal pole (dorsal recumbency) (B). 

Ultrasonographic image of the kidney in a transverse scanning 

plane showing the kidney width from medial to lateral border 

and the kidney depth from dorsal to ventral surface (dorsal 

recumbency) (C)Showing: Ren sinister (RS), Cortex renis (cx), 

Medulla renis (m), Length of the kidney (D1), Depth of the 

kidney (D14), Width of the kidney (D15), Renal capsule (r) and 

Sublumbar muscles (SL). 

 

 
 

Fig. 10: Ultrasonographic image of the rabbit kidney in a 

longitudinal scanning plane showing the internal structure of the 

renal parenchyma (A). Ultrasonographic image of the rabbit 

kidney in a transverse scanning plane showing its internal 

structure (B). Showing: Cortex renis (cx), Medulla renis (m), 

Hilus renalis (h), Papilla renalis (P), Main septum of the renal 

pelvis (S), Secondary septa (ss), Peripelvic columns (pc), Pelvis 

renalis (V), Renal capsule (1). 
 

The cranial contact of the right kidney with liver 

allowed the comparison between their echogenicity in the 

ultrasonographic image. Moreover, the liver appeared 

similar in echogenicity or slightly more than that of the 

renal cortex (Fig. 6C). 

The left kidney was bordered ventrally with jejunum 

and the ascending duodenum cranioventrally. The 

descending colon was related to the left kidney 

ventrocaudally in between the jejunum (Fig. 6A, B, 7 & 

8). The left kidney was separated from the stomach and 

spleen with the ascending duodenum and jejunum (Fig. 

7A & B). The colon and jejunum separated between the 

left kidney and cecum (Fig. 7C & 8). The left adrenal 

gland was situated in the perirenal fat craniomedial to the 

le ft kidney (Fig. 8A & 8B). 

The intestinal parts seemed hyperechoic than the 

kidney as they contained gases which considered a highly 

attenuating surface so, appeared white. The kidney was 

related dorsally to sublumbar muscles which appeared as 

hypoechoic striated bundles (Fig. 9A). The rabbit kidney 

appeared oval or nearly circular in outline by the 

longitudinal or transverse ultrasonographic scanning 

plane, respectively (Fig. 9B & C).  
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Table 1: Total rabbits divided according to the method of examination 

Method of study Number of rabbits 

Topographical morphology and morphometrical examination. Ten 

Gray scale ultrasonographic examination.  Five 

Radiographic examination. Five 

Computed Tomography scan (CT).  Three 

 

Table 2: Different measurements of both kidneys in examined rabbits:  

Kidney's width/cm Kidney's length/cm Kidney's weight/g Rabbit's 

weight/kg 

Rabbit's age/ 

months 

Sex   

Left Right Left Right Left Right     Number of  

rabbits  

(No.) 
2 2.1 3.2 3 5 5 3 9 Female 1st 

2 2 3.7 3.5 5 5 3.25 9 Male 2nd 

2.1 1.9 3 3 5 5 2.9 11 Female 3rd 

2.5 2.7 4 4 10 10 3.5 12 Female 4th 

1.8 2 2.8 3 5 5 3 12 Male 5th 

2.5 2.3 3.4 3.2 5 5 2.25 10 Male 6th 

2.5 2.3 3.5 3.3 10 10 3.1 10 Female 7th 

2.4 2.2 4.1 4 10 10 3.5 11 Female 8th 

2.5 2.4 4 3.9 10 10 3.1 12 Female 9th 

2.7 2.8 3.8 3.9 10 10 3.25 10 Female 10th 

2.3±0.29 2.27±0.29 3.55±0.44 3.48±0.43 7.5±2.6 7.5±2.6    Mean±SD 

 

Table 3: Different ultrsonographic measurements of both kidneys in examined rabbits: 

Kidney's width/cm Kidney's length/cm Kidney's depth/cm 
Rabbit's 

weight/kg 

Rabbit's 

age/ months 
Sex 

  

Left Right Left Right Left Right     Number of  

rabbits  

(No.) 
2.1 2.1 3.4 2.9 1.9 2 3.25 12 Female 1st 

2.1 2.8 3.5 3.6 1.8 1.7 2.9 11 Male 2nd 

2.1 2.5 3.8 3.6 2.2 2 2.26 9 Female 3rd 

2.5 2.9 3.9 3.8 1.9 1.9 3.25 10 Female 4th 

2.4 2 3.8 3.7 1.8 1.9 3.1 9 Male 5th 

2.24±0.19 2.46±0.40 3.68±0.21 3.52±0.35 1.92±0.16 1.9±0.12    Mean±SD 

 

The mean length of the right and left kidneys was 

3.48±0.43 and 3.55±0.44cm, respectively, while their 

mean width was 2.27±0.29 and 2.3±0.29cm, respectively. 

The mean weight of both kidneys was about 7.5±2.6g 

(Table 2). The ultrasonographic measurements revealed 

the mean length of the right kidney was 3.52±0.35cm and 

of the left one was 3.68±0.21cm (Fig.9B), while the mean 

width of the right kidney was 2.46±0.40cm and of the left 

one was 2.24±0.19cm. The mean depth of the right and 

left kidneys was 1.9±0.12 and 1.92±0.16cm, respectively 

(Fig.9C & Table 3). 

In the longitudinal ultrasonographic scanning plane, 

the medulla revealed anechoic nearly circular areas 

represented the peri-pelvic columns. The later separated 

from each other by hyperechoic secondary septa. The 

main pelvic septum in the central area of the kidney 

appeared hyperechoic than the surrounding cortex and 

medulla. The kidney was surrounded by the renal capsule 

which appeared as a regular white line bordered the 

kidney as it was a highly attenuating structure (Fig.10A). 

We could easily distinguish between the cortex and 

medulla in both longitudinal and transverse scanning 

plane. The renal cortex which appeared a gray granular 

outer area was uniform in the echogenicity and 

hyperechoic than the inner medulla (Fig.10A & 10B). In 

the transverse ultrasonographic scanning plane, the 

common renal papilla had the same echogenicity of the 

medulla and projected toward the renal pelvis which was a 

hyperechoic V-shaped. The renal hilus could be observed 

as a hyperechoic area at the medial border of the kidney as 

it contained a high echogenic adipose tissue (Fig.10B). 

DISCUSSION 

 

Concerning the skeletal position of both kidneys, we 

observed that in male rabbit, the right kidney was related 

to thoracic cage as it extended from last thoracic to first 

lumbar vertebrae. However, there was no relation between 

the left kidney and the thoracic cage as it extended from 

second to third lumbar vertebrae. These results came in a 

line with those reported by Dimitrov and Chaprazov 

(2012) and Dorotea et al. (2016b) in rabbit. While in our 

results, the right kidney of female rabbit extended till 

second lumbar vertebra and was related dorsally to 

transverse process of the first, second and third lumbar 

vertebrae moreover, the left one extended till fourth 

lumbar vertebra. 

Our observations were contrary to the position of the 

right kidney that reported by Hristov et al. (2006), Zotti et 

al. (2009) and Redrobe (2013) in rabbit, Hebel and 

Stromberg (1976) in rat and Veshkini et al. (2011) in 

Persian Squirrel, the later author found that, right kidney 

located between first and third lumbar vertebrae. While our 

results about the skeletal position of the left kidney were 

disagreed with the findings of Glukharev and Tovstoles 

(1961) and Dimitrov et al. (2012) in rabbits and Yoldas et 

al. (2014) in rats. In Persian Squirrel, Veshkini et al. 

(2011) stated that, left kidney was situated between third 

and fifth lumbar vertebrae.  

In contrary to our observations that the kidneys and 

ureter could not be detected in plain radiographic image of 

rabbit without injection of contrast medium neither in 

lateral nor ventrodorsal view, Dimitrov and Chaprazov 
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(2012) described that, the rabbit kidney could be 

distinguished by native radiographic examination as soft 

tissue structure with lower opacity from the surrounding 

soft tissue organs and bone structures. 

Our study demonstrated that, the renal parenchyma 

was distinguished into a higher opacity medulla than the 

cortex in both lateral and ventrodorsal contrast 

radiographic examination. This was in partial agreement 

with Dimitrov and Chaprazov (2012) who observed that, 

the distinguishable borders between cortex and medulla 

were visualized in ventrodorsal nephrogram and not 

observed in lateral nephrogram. 

The current study showed that, the cavity of renal 

pelvis and ureter could be observed as radiopaque finding 

as they filled with the radiopaque contrast medium. The 

renal hilus observed as low opacity depression filled with 

low density fat on the medial border in ventrodorsal 

radiograph. These findings went hand in hand with that 

found in rabbit by Dimitrov and Chaprazov (2012). They 

observed the contact between caudate lobe of liver and 

right kidney as striped finding with low opacity, while in 

our study we could poorly observe this contact due to 

superimposition of intestinal loops which contained 

radiolucent gases.In this context, the lateral border of both 

kidneys was related to the corresponding lateral 

abdominal wall. This result was conflicted with Dimitrov 

et al. (2012) in rabbit according to which, both kidneys 

did not touch the lateral abdominal walls and in partially 

agreed with the findings of Hristov et al. (2006) and 

Redrobe (2013) in rabbit who reported that, the left 

kidney touched the left abdominal wall. The medial 

border of right kidney was related to caudal vena cava, 

similar result was obtained by Al-Jebori et al. (2014) in 

rabbit.  

The present work indicated that, the right kidney was 

related to duodenum with pancreas cranioventrally and 

ventrally and to the descending colon and cecum ventrally 

and caudoventrally. It was capped cranioventrally with 

right lateral and caudate lobes of liver under last 

intercostal space. Meanwhile, this was in partial 

agreement with the findings of Hristov et al. (2006) and 

Redrobe (2013) who observed that, rabbit right kidney 

was related caudally to descending duodenum. Also our 

observation was agreed with the findings of Al-Jebori et 

al. (2014) in rabbit who illustrated that, the right kidney 

was related ventrally to liver, pancreas and cecum. The 

descending duodenum and distal colon were seen 

medially to the right kidney (Banzato et al. 2014a) in 

rabbit. 

Concerning the left kidney relations, it was related 

ventrally to jejunum and descending colon and was 

related cranioventrally to ascending duodenum. It was the 

same as the finding of Hristov et al. (2006), Redrobe 

(2013) and Al-Jebori et al. (2014) in rabbits. On the other 

hand, Olukole (2009) in African great cane rats and Al-

Samawy (2012) in albino rats, reported that the left kidney 

was related to stomach and spleen, while in our study we 

observed the ascending duodenum and jejunum separated 

the left kidney from stomach and spleen. This was due to 

species variations. In contrary with Banzato et al. (2014b) 

in rat, in our study, we reported that, there was no relation 

between reproductive system and both kidneys in both 

sexes. 

The current investigation reported that, the renal 

cortex echogenicity was similar to or slightly less than the 

hepatic parenchyma which came on the same line with 

findings of Moarabiet al. (2011) in New Zealand white 

rabbit and Tolai Hare and Dimitrov (2012), Redrobe 

(2013) and Banzato et al. (2014a) in rabbit. WhileBanzato 

et al. (2014b) in rat and Pessoa et al. (2018) in Agoutis 

demonstrated that, the renal cortex was more in 

echogenicity than the liver parenchyma. 

Regarding computed tomographic study of kidney, 

the perirenal fat appeared as a homogeneous hypodense 

structure around the hyperdense kidneys and also 

appeared at the site of contact between the right kidney 

and liver which had the same CT tissue density. Thus, we 

could differentiate between right kidney and liver by 

hypodense perirenal fat between them. These findings 

were simulated those results obtained by Yonkova et al. 

(2010) in New Zealand white rabbits. 

Concerning ultrasonographic examination of kidney, 

the renal cortex appeared gray granular area, was 

homogeneous in echogenicity and hyperechoic than the 

medulla. These findings were in agreement with the 

findings of Moarabi et al. (2011) in New Zealand white 

rabbit and Tolai Hare, and in partial agreement with the 

findings of Dimitrov (2012) and Redrobe (2013) in rabbit 

who reported that, the renal cortex was heterogeneous in 

echogenicity and had multiple linear hyperechoic areas. 

The renal medullary pyramid appeared as an echoic 

nearly circular areas represented the peripelvic columns 

which separated from each other by hyperechoic 

secondary septa projected from the hyperechoic centrally 

located main pelvic septum of renal pelvis. This 

description was also recorded by Dimitrov (2012) and 

Redrobe (2013) in rabbit. While, Moarabi  et al. (2011) in 

New Zealand white rabbit and Tolai Hare, reported that, 

the centrally located hyperechoic area called the renal 

sinus and circular anechoic parts of medulla termed as 

medullary pyramids; Banzato et al. (2014a) in rabbit, 

stated that, the renal pelvis was not seen in both scanning 

plane and the centrally located hyperechoic part 

represented the renal sinus and Banzato et al. (2014b) in 

rat, observed that, the renal pelvis appeared as a centrally 

located anechoic crescent shaped band between renal 

sinus and renal crest in transverse scanning plane. The 

renal papilla appeared isoechoic to the medulla and 

projected toward the hyperechoic renal pelvis in 

transverse scanning plane. This observation was different 

from Banzato et al. (2014a) in rabbit who described that, 

the renal papilla was hyperechoic to the medulla in 

transverse scanning plane. 

In this study, we could differentiate between cortex 

and medulla in both longitudinal and transverse scanning 

plane. This was similar to Banzato et al. (2014a) in rabbit, 

while in rat, Banzato et al. (2014b) reported that, there 

was no distinction between cortical and medullary 

echogenicity in longitudinal scanning plane. In the current 

study, the kidney appeared oval in longitudinal 

ultrasonographic scanning plane and nearly circular in 

transverse scanning plane. This partially agreed with the 

findings of Dimitrov (2012) and Redrobe (2013) in rabbit 

who observed the kidney as oval shaped finding in both 

longitudinal and transverse scanning plane. 
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Regarding the mean weight of rabbit kidneys, there 

was no difference in the mean weight of both kidneys as it 

was 7.5±2.6g and represented 0.24% from the mean body 

weight of rabbit. These results differed from Bolat et al. 

(2011), Al-Jebori et al. (2014) and Maurya et al. (2018). 

The later author reported that, the weight of right kidney 

was 1.39±0.17g and the left one was 1.41±0.20g. On the 

other hand, Onyeanusi et al. (2007) reported that, the right 

and left kidneys of African giant rat were weighted 

2.210±0.051g and 2.00±0.055g, respectively and Olukole 

(2009) in African great cane rat, described that, the mean 

weight of the right and left kidneys were 3.57±0.22 and 

3.46±0.19g, respectively. While in guinea pig, Al-

Sharoott (2014) demonstrated that, the mean weight of 

both kidneys was 0.205±1.998g. These differences were 

due to species variations. 

Concerning the mean length and width measurements 

of rabbit kidneys, the present study revealed the mean 

length of the right and left kidneys were 3.48±0.43 and 

3.55±0.44cm, while their mean width was 2.27±0.29 and 

2.3±0.29cm, respectively. This slightly differed from the 

findings of Bolat et al. (2011) in rabbit who observed that, 

the mean length of right and left kidneys was 3.21±0.60 

and 3.19±0.50cm, while their mean width was 2.15±0.33 

and 2.11±0.41cm, respectively. Our results also differed 

from the findings of Maurya et al. (2018) who reported 

that, the rabbit right and left kidneys length were 

3.53±0.12 and 3.88±0.07cm, while their mean width was 

2.55±0.10 and 2.65±0.08cm, respectively.  

Regarding ultrasonographic measurements of rabbit 

kidney, our study revealed that, the mean length of the 

right and left kidneys was 3.52±0.35 and 3.68±0.21cm, 

while their mean width was 2.46±0.40 and 2.24±0.19cm, 

respectively. The mean depth of the right and left kidneys 

was 1.9±0.12 and 1.92±0.16cm, respectively. This 

differed from the findings of Banzato et al. (2014a) in 

rabbit who observed that, length, width and depth of right 

kidney were 2.87±0.34, 1.62±0.17 and 1.66±0.14cm, 

respectively while that of left kidney were 2.86±0.33, 

1.72±0.19 and 1.58±0.15cm, respectively. In our opinion, 

the difference in morphometric values of kidney in our 

study and the other authors in rabbit might be due to 

variation in age, breed, environmental factors and the 

instruments used to obtain the measurements. 

 

Conclusion 

The present results indicate that the using of gray 

scale ultrasonographic examination, radiographic 

examination and Computed Tomography scan (CT) 

beside the gross morphological examination is highly 

effective in detection of the shape, structure, position and 

relation of the kidney of rabbit. 
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