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ARTICLE INFO ABSTRACT 

Keywords   This study aimed to describe the ultrasonographic (dimensions and echogenicity), anatomical 

and histological features of superficial lymph nodes (LN) (mandibular, superficial cervical, 

subiliac, scrotal, and supramammary) in donkeys. Twenty-four donkeys (3-6 years old and 120-
180 kg BW) were examined ultrasonographically for characterization of LN which were 

dissected and processed for histological examination. Data showed that mandibular LN, located 

between mandibular rami along each side of omohyoid muscles, ultrasonographically appeared 
as long-lobulated structures with clear anechoic lobules and hyperechoic interlobular 

trabeculae. Superficial cervical LN, located at 5 cm dorsal to the shoulder joint at the caudal 

end of the jugular vein, ultrasonographically appeared as a quadrilateral to oval multi-lobulated 
structure with hypoechoic lobules interspersed with fine interlobular echogenic trabeculae and 

delineated by a thick distinct echogenic capsule. Subiliac LN, located at the midway between 

the patella and coxal tuber, ultrasonographically appeared as an oval wholly anechoic structure 
with a fine central hypoechoic septum delineated by a thick hyperechoic capsule. Scrotal LN, 

located at the level of the superficial inguinal ring either cranial or caudal to the spermatic cord, 

ultrasonographically appeared as a small ovoid to rounded shaped structure with an entire 
anechoic content. Supramammary LN, localized on the lateral border of the udder base at the 

superficial inguinal ring, ultrasonographically appeared as a rectangular to ovoid structure with 

an entire anechoic content. In conclusion, the present data set a preliminary descriptive 
reference for normal ultrasonographic imaging as well as the topographical anatomy for adult 

donkeys' superficial LNs. 
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1. INTRODUCTION 

 
Donkey (Equus asinus), a domesticated member of Equidae, 

are used as working animals, especially in developed 

countries, for draught and riding (Davis et al. 2016). 

Donkeys have unique characteristics that make them of 

physiological and medical interest to scientists, 

veterinarians, and equine enthusiasts (White 2013). The 

incidence of lymphatic system disorders and malignancy is 

continuously increasing in donkeys (Adedokun et al., 2020 

and Davis et al., 2016). This makes the diagnostic imaging 

and characterization of LN in donkeys crucial.  

Lymph nodes, the body's immunological organ, are found 

throughout the body (Blum and Pabst 2006). Inflammation, 

viral invasion, metastatic malignant tumors of served 

organs, and primary lymph node malignancies will all result 

in alterations in LN size, shape, and architecture 

(Roozendaal et al. 2008). As a result, lymph node 

abnormalities may signal the probability of organ diseases in 

the region (Mountain and Dresler 1997). Furthermore, 

during clinical illness therapies, appropriately interpreting 

the nature of lymph nodes not only helps in disease diagnosis 

but may also guide treatment plan selection and considerably 

enhance patient prognosis (Kayani et al. 2011). Furthermore, 

the qualitative and quantitative evaluation of lymph nodes is 

critical in the treatment of malignant tumours (Pantuck et al. 

2003). Ultrasound examination technology is currently a 

widespread imaging approach for evaluating the lymphatic 

system and may give a foundation for the examination of 

several lymphatic problems (Białek and Jakubowski 2017, 

Hayashi et al. 2018 and Ogassavara et al. 2016).  

For more than two decades, ultrasonography has been used 

as a highly accurate and cost-effective diagnostic tool for 

superficial lymph node assessment (Białek and Jakubowski 
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2017, Esen 2006 and Zhang et al. 2009). Several ultrasound 

parameters can be estimated including LN size, margins and 

echo pattern (echotexture) (Nyman et al. 2005). To the 

author's knowledge, no literature has discussed the 

ultrasonographic and macroscopic features of donkeys' 

superficial lymph nodes. Therefore, the present study aimed 

to characterize superficial LN in donkeys through 

topographic anatomical dissection and Ultrasonographic 

imaging which could assist in diagnosing lymphatic 

disorders in equines. 

 

2. MATERIAL AND METHODS 

 
2.1. Ethics Statement 

The present study was conducted and approved by the 

Ethical Committee for Institutional Animal Use and Care of 

the College of Veterinary Medicine, Menoufia University, 

Egypt.  

 

2.2. Animals               

A total of twenty-four (12 males and 12 females) donkeys 

(Equius asinus) aged between 3-6 years old, weighing 120-

180 kg, owned by private farmers at Toukh city, Qalubia 

Governorate, Egypt, were used in the present study. Before 

enrollment, all donkeys were subjected to a complete 

physical, and clinical (rectal temperature, heart, and 

respiratory rates, lung sound, and mucous membranes) 

examination to ensure that they were clinically healthy 

(Mendoza et al. 2018).  

 

2.3. B-Mode ultrasonographic examination 

2.3.1. Area preparation and examination                                  

All ultrasound examinations were performed on none-

sedated quietly restrained donkeys, in standing position, in a 

quiet environment with low light and controlled temperature 

using a portable ultrasound machine (Chison ECO3-Expert, 

Medical-EXPO, China) equipped with a multi-frequency 

linear probe (Janvier et al., 2016). All superficial LN: 

mandibular, superficial cervical (prescapular), Subiliac 

(prefemoral), and superficial inguinal (scrotal LN in males, 

and supramammary LN in females) were examined per 

cutaneous. All ultrasound scanning was settled at a 

frequency of 7.5 MHz, depth of 5 cm, acoustic power of 

80%, and gain of 150 dB. The area of examination was 

shaved and cleaned with alcohol, and a liberal amount of 

coupling ultrasound gel was applied before each 

transcutaneous ultrasonography.  

 

2.3.2. Probe maneuvering 

Ultrasonographic examination of mandibular LN was 

achieved by placing the probe in the intermandibular space 

parallel to each ramus at its medial aspect forming a V shape 

area of scanning. The scanning surface of the probe was 

directed cranially upward (Fig. 1A). The superficial cervical 

LN was discriminated ultrasonographically by placing the 

probe just cranial to the anterior border of the scapula 

perpendicular to the jugular groove before the thoracic inlet 

and directing the scanning surface of the probe slightly 

caudal with light pressure (Fig. 1B).  

The Subiliac LN was examined mid-way between the coxal 

tuber and patella in the prefemoral groove (cranial edge of 

thigh). We used the point of the hip for approaching by 

drawing a longitudinal line extending cranially from the hip 

to cut a line extending ventrally from the middle of the tuber 

coxae, both lines cutting area was the level of the subiliac 

LN. The scanning surface of the probe was slightly directed 

caudal with light pressure (Fig. 1C). For the 

ultrasonographic approach of the scrotal LN, the probe was 

placed on each side of the penis at the level of the superficial 

inguinal ring and either cranial or caudal to the spermatic 

cord after offsetting the scrotum to the opposite side. The 

scanning surface of the probe was directed dorsally and 

slightly lateral with light pressure (Fig. 1D). For 

ultrasonographic examination of the supra-mammary LN, 

the probe was placed on the lateral border of the base of the 

mammary gland after offsetting the mammary gland to the 

opposite side. The scanning surface of the probe was 

directed dorsally and slightly lateral with light pressure (Fig. 

1E). 

 

2.4. Image Analysis 

For image analysis, the ultrasonographic images were frozen 

and the length, width, and length/width ratio were measured 

using the built-in calibre system (Mattoon and Nyland, 

2002). All images were then exported to coma puter and 

analyzed with Image J software (Image J, NACL Co. Ltd., 

Tokyo, Japan) to calculate the mean pixel value of each 

lymph node cortex and the adjacent tissues (Kandiel and El 

Shafey 2017). 

 

2.5. Surgical anatomy of lymph nodes using black India ink 

staining 

Six randomly selected donkeys (three males and three 

females) were used for studying the surgical anatomy of LN 

using black India ink staining to validate the ultrasound 

observations. A mixture of India ink solution (3-5 ml) and 

bovine serum (1:1) was used for accurate observation of the 

examined LN (Sayed-Ahmed, 2009). The animals were 

injected subcutaneously within the left side at the area 

known as drained by the examined LN, at least 10-15 cm 

away from the node to avoid over-staining of the node. For 

mandibular LN, the injection was carried subcutaneously 

into the mentum and cheek regions. For the superficial 

cervical LN, the injection was carried at the middle cervical 

region and just caudal to scapula over the triceps brachii 

muscle. For the subiliac LN, the injection was carried at the 

level of the last three ribs. For scrotal LN, the injection was 

carried within the wall of scrotum on both sides of the scrotal 

raphe. For supramammary LN, the injection was carried out 

bilateral subcutaneous in mammary gland. Twenty-four 

hours’ post-injection, the donkeys were intravenously 

premedicated using 1.1mg/kg xylazine (Xylaject, Adwia Co., 

Cairo, Egypt) for intravenous induction of general 

anesthesia by using 10 mg/kg sodium thiopental 5% 

(Anapental, Sigma Co., Cairo, Egypt) (Alsobayil et al., 

2019). The donkeys were then sacrificed by bleeding 

through the common carotid artery and were perfused using 

an ordinary preservative mixture (10% formalin, 2% phenol, 

and 1% glycerin) through the common carotid artery. Forty-

eight hours later, the cadavers were dissected, and the 

topographical anatomy of each examined LN was evaluated. 

 

2.6. Histological investigation of examined LN 

After topographical investigation, LN were dissected out 

from the cadavers and preserved in 10% neutral buffered 

formalin. The LN samples were dehydrated in ascending 

grades of ethanol, cleared in xylene, and impregnated in 

melted paraffin wax. Thin sections (5-7 µm thick) were cut, 

mounted on egg albumin-glycerin coated glass slides, 

stained with hematoxylin and eosin (H&E) stain, and 

examined under a light microscope (Elmore, 2006).  

 

2.7. Statistical analysis 

Data were expressed as mean (± SEM). All statistical 

analysis was conducted using IBM® SPSS® Statistics Ver. 

20 program (IBM Corporation, 2009, New York, USA). The 
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correlation between LN ultrasound and gross measures was 

calculated using Pearson’s correlation coefficient. P value 

was set at 0.05 to demark the statistical significance. 

 

4. RESULTS  

 
3.1. Ultrasonographic and topographical anatomy of 

superficial lymph nodes in donkey 

3.1.1. Mandibular lymph nodes 

Ultrasound and topographical measures including length, 

width and length/width ratio of superficial LN in both males 

and females was recorded in (Table 1). 

Ultrasonographically, mandibular LN in donkeys appeared 

as a homogenous lobulated structure with clear anechoic 

lobules, hyperechoic interlobular loose connective tissue 

trabeculae and delineated by regular a thick distinct 

echogenic capsule (Fig. 2A). Ultrasonographically, 

mandibular LN length was 6.55 ± 0.19 and 6.57 ± 0.18 and 

its width was 1.32 ± 0.05 and 1.31 ± 0.05 in male and female, 

respectively. Anatomically, mandibular LN is arranged in 

two elongated groups between the two rami of mandible 

within the intermandibular space along each side of the 

omohyoid muscles. The two groups were in apposition in 

front of the insertion of omohyoid muscles, diverged 

caudally in the form of a V shape structure. Each mandibular 

LN was formed of aggregation of about 40-70 small nodes 

that were strongly attached by fascial sheath forming one 

lymphatic mass. The anatomical landmarks for mandibular 

LN were caudal third of intermandibular space and the 

vascular groove of both mandibular rami. For approaching, 

at the caudal third of intermandibular space and just rostral 

to vascular groove of mandible, the mandibular LN was 

related deeply to the rostral part of omohyoid and 

sternohyoid muscles and sublingual salivary gland (Fig. 

2B).  

 

3.1.2. Superficial cervical (prescapular) lymph node 

Superficial cervical LN was ultrasonographically scanned at 

a depth of 1.5-2.0 cm beneath the skin line. It appeared as a 

homogenous quadrilateral to oval-shaped multi-lobulated 

structure delineated by a regular thick distinct echogenic 

capsule. It had hypoechogenic lobules interspersed with fine 

interlobular echogenic loose connective tissue trabeculae 

(Fig. 2C). Ultrasonographically, superficial cervical LN 

length was 7.92 ± 0.28 and 7.96 ± 0.26 and its width was 

3.99 ± 0.09 and 3.98 ± 0.11 in male and female, respectively. 

Anatomically, superficial cervical LN is composed of an 

aggregation of small nodes that grossly gave the nodes a 

large lobulated and granulated mass. Anatomical landmarks 

of the superficial cervical LN were the shoulder joint, the 

caudal end of the jugular groove, and the divisions of 

brachiocephalic muscle (Cleidomastoid and 

cleidobrachialis muscles). For approaching the superficial 

cervical LN, it was localized 5 cm dorsal to the shoulder joint 

at the cranial border of the subclavius muscle and medial to 

the Cleidomastoid and Omotransversarius muscles and 

lateral to the omohyoid and scalenus muscles as well as the 

caudal end of the jugular vein (Fig. 2D).  

 

3.1.3. Subiliac (prefemoral) lymph nodes 

The Subiliac LN was scanned by B-mode ultrasound at 1.0-

1.5 cm below the skin line. It appeared as homogenous oval 

shape structure delineated by a regular distinct thick 

hyperechoic capsule. It looked like a wholly anechoic 

structure with a fine central hypoechoic septum (Fig. 2E). 

Ultrasonographically, subiliac LN length was 3.47 ± 0.09 

and 3.47 ± 0.10 and its width was 1.09 ± 0.07 and 1.06 ± 

0.08 in male and female, respectively. Anatomically, 

subiliac LN consisted of an aggregation of small lymph 

nodes (n= 10-15) connected forming an elongated lymphatic 

mass. The anatomical landmarks were the coxal tuber, 

patella and point of hip, and the cranial border of the tensor 

fascia latae muscle. For approaching the subiliac LN, it was 

located midway between patella and coxal tuber on 

craniomedial side to tensor fascia late muscle (cranial edge 

of thigh) and lateral to the aponeurosis of the external and 

internal abdominal oblique muscles. Also, the point of hip 

was used for approaching LN by drawing a longitudinal line 

extending cranially from hip to cut a line extending ventrally 

from the middle of tuber coxae. Both lines intersected at the 

level of the subiliac lymph node (Fig. 2F).  

 

3.1.4. Superficial inguinal lymph nodes (scrotal in male and 

supra-mammary in female) 

In the male, superficial inguinal (scrotal) LN was scanned 

ultrasonographically at 2.0-2.5 cm beneath the skin line. It 

appeared as a small oval to round shape structure with the 

entire homogenous anechoic contents, delineated by regular 

hyperechoic capsule and embedded in a large amount of 

echogenic fat tissue of the inguinal region (Fig. 3A). 

Ultrasonographically, scrotal LN length was 2.50 ± 0.12 and 

its width was 0.82 ± 0.04. Scrotal LN appeared as a small 

aggregation of LNs on both sides of the penis at the level of 

the superficial inguinal ring and either cranial or caudal to 

the spermatic cord. The anatomical landmarks were the 

penis, scrotum, and spermatic cord. The approaching was 

performed on both sides of penis along the spermatic cord 

till the superficial inguinal ring where LN appeared either 

cranial or caudal to the spermatic cord and close to the 

superficial inguinal ring and embedded in large amount of 

fat tissue of the inguinal region (Fig. 3B).  

In female, superficial inguinal (supramammary) LN was 

scanned ultrasonographically at 0.5-1.0 cm beneath the skin 

line. It appeared as homogenous rectangular to ovoid 

structure with an entire anechoic content, delineated by a 

regular fine hyperechoic capsule and embedded in a large 

amount of echogenic fat tissue of the inguinal region (Fig. 

3C). Ultrasonographically, supramammary LN length was 

4.10 ± 0.19 and its width was 2.16 ± 0.07. Anatomically, 

supramammary LNs were relatively larger and with a higher 

number of small nodes than that observed in scrotal. The 

LNs were localized on the lateral border of the base of 

mammary gland at the superficial ring of the inguinal canal 

(Fig. 3D). The anatomical landmarks were the lateral border 

of the base of the mammary gland, superficial inguinal ring, 

and the highest part of medial aspect of the thigh where LNS 

can be manually palpated. 

 

3.2. Correlation between superficial LN ultrasound and 

gross measures 

Analysis of the correlation between ultrasound and 

topographic anatomy measures of donkey superficial 

LN (Fig. 4 A and B) verified a significant (P<0.001) positive 

correlation between the measured length and width of the 

examined LN (R² = 0.7468 and R² = 0.8713, respectively). 

Echo-pattern analysis showed a significant (P< 0.05) 

variation in the mean gray value between LN, with the 

mandibular LN was the lowest and the scrotal LN was the 

highest in the pixel values (Table 2). On the other hand, all 

LNs were comparatively less echogenic than the adjacent 

tissues, with the echogenicity reduction varying 

significantly among LN compared to the surrounding 

tissues. Prescapular LN was extremely hypoechogenic 

(reduction rate 63.35±2.22%) than surroundings.  
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3.3. Histological architecture of donkey lymph nodes 

All dissected LNs were surrounded by adipose tissue and 

covered by fibrous connective tissue capsule from which 

several trabeculae extended into the substance of LNs, 

subdividing the outer region of the cortex into incomplete 

compartments. The afferent lymph vessels pierced the 

capsule on the convex surface of LN and empty their lymph 

into the subcapsular sinus, deep into the capsule. This sinus 

was continuous with the cortical sinuses (para-trabecular 

sinuses) that parallel the trabeculae and deliver the lymph 

into the medullary sinuses. In all examined LNs, the 

subcapsular, cortical and medullary sinuses were filled with 

the Indian ink specially the first two sinuses (Fig. 5A-E). 

 

4. DISCUSSION 

 
Attempts to establish a standardized reporting system have 

been made for several organs and body systems in donkey 

including the digestive, urogenital and musculoskeletal 

system (Sikandar, 2020), but no literature have discussed the 

topographic anatomy and ultrasonography of donkey 

superficial LNs. The current study aimed to characterize the 

ultrasonographic, anatomical, and histological features of 

superficial LNs in donkeys. Such experience has a clinical 

significance in the diagnosis and follows up several 

conditions encountered with lymphatic disorders such as 

lymphadenitis and malignancy. Moreover, the offered 

measurements represented a preliminary guideline of the 

expected sizes of superficial LNs in the healthy donkey.  

In the current study, B-mode ultrasonography appears to be 

a useful tool to scan the entire structure of superficial LNs in 

donkeys and create a clear border definition with sufficient 

contrast to the surrounding tissue. This experience has been 

used in humans for lymphatic scanning (Abdelgawad et al., 

2020). In veterinary practice, ultrasonography was used as a 

highly accurate and cost-effective diagnostic tool for LN 

scanning and diagnosing of lymphatic disorders in dogs (Citi 

et al., 2020; Nyman and O’Brien, 2007; Pugh, 1994), cats 

(Schreurs et al., 2008; Spattini et al., 2003), and mice (Walk 

et al., 2014).  

All LNs examined in our study exhibit the same 

homogeneity, uniform contour lining, oval to elongated 

shape and comparatively less echogenicity than the adjacent 

(Schreurs et al., 2008). Similarly, ultrasound scanning of 

normal LNs in humans revealed an elongated to oval shape 

structure with hyperechoic hilum and clearly hypoechoic 

cortex (Ogassavara et al., 2016). In the present study, the 

described anatomical features of the mandibular LN were 

nearly similar to that of horse where the mandibular LN 

formed from 10 cm of conglomerate mass with nearly 70 – 

150 small nodes and situated ventral to the tongue and rostral 

or caudal to the level of vascular groove of the mandible 

(Dyce et al., 2009; Getty and Sisson, 1975). On the other 

hand, mandibular LN in ruminants is a single large LN, 

rather than groups of small nodes (Budras et al., 2003). 

Moreover, (Mansour et al., 2017) stated that mandibular LNs 

in ruminants are 1–3 LNs that are located rostral and lateral 

to the mandibular salivary glands behind the caudal angle of 

the mandible.  

Similar to previous reports in the horse, the superficial 

cervical LNs were localized nearly 5 cm dorsal to the 

shoulder joint at the cranial border of the subclavius muscle 

and were viewed as an aggregation of several small nodes 

that grossly gave the nodes a large lobulated or granulated 

mass (Dyce et al., 2009; Getty and Sisson, 1975). 

Nevertheless, the superficial cervical LNs were not easy to 

be palpated since the LNs were surrounded by large amounts 

of connective and fat tissue. In horse, the superficial cervical 

LN is arranged in a long chain consists of many small nodes 

that cross the deep surface of the brachiocephalic muscle and 

are embedded in fat tissue. Palpation should be directed to 

drawing the nodes forward, away from the subclavius 

(Flood, 1996). In the contrary, the superficial cervical LNs 

is easily palpated in ox compared to equines (König and 

Liebich, 2020). Walk et al. (2014) added that, cervical 

lymph node of mice evaluation by clinical ultrasound is a 

non-invasive procedure used in diagnosing nodal status.  

In the present study, the subiliac LNs formed from an 

elongated lymphatic mass (3.67±0.32 cm in male and 3.70 ± 

0.12 cm in female) of small LNs (n= 10-15) located midway 

between patella and coxeal tuber on craniomedial side to 

tensor fascia lata muscle. This observation matched the 

finding that has been reported in horses previously (Dyce et 

al., 2009; Getty and Sisson, 1975). In contrary, the subiliac 

LNs in ruminants appeared as a single palpable larger mass 

(8-10 cm in length) and located 12 -15 cm dorsal to the 

patella near the cranial border of the tensor fasciae lata 

(Dyce et al., 2009; Getty and Sisson, 1975).  

The superficial inguinal (scrotal) LN described in male 

donkey here agreed with that reported previously in the 

horse (Budras et al., 2003). The scrotal LN interposed 

between the prepuce and scrotum, and trunk, and drains 

lymph from the external reproductive organs and ventral 

abdominal wall (Flood, 1996). In ox, the scrotal LNs is 

formed of varied number LNs and lies in a mass of fat around 

the neck of the scrotum and partially covered by retractor 

penis muscle (Mansour et al., 2017). The superficial inguinal 

(mammary) LN in she-donkey was relatively larger with a 

higher number of small nodes than that observed in males. 

This result paralleled with (Damian et al., 2009), who 

reported that the mammary LN of the mare is situated 

between the abdominal wall and the base of the udder at the 

superficial inguinal ring with 10-14 cm in length. In cow, the 

mammary LN comprises two LNs lie caudally on the base 

of the udder and can be palpated between the thighs, about 6 

cm from the skin, at the caudal attachment of the udder and 

may be associated with smaller intramammary nodes (Dyce 

et al., 2009; Getty and Sisson, 1975). In accordance with the 

current study, superficial inguinal lymph nodes in ewe and 

lactating cattle could be examined by using a 7.5 MHz linear 

transducer (Bradley et al., 2001 and Hussein et al., 

2015). The same authors concluded that the superficial 

inguinal lymph nodes ultrasonography is a fast field test for 

confirming the diagnosis of subclinical mastitis. The 

superficial inguinal lymph nodes in subclinical mastitis 

could be easily recognized and appeared as oval-shaped 

structure with thin echogenic capsules, sharply demarcated 

from the adjacent tissue and entire anechoic or hypoechoic 

parenchyma and linear echogenic structure at the center. 

Moreover, ultrasonographic parameters including length, 

depth and area of the superficial inguinal lymph nodes were 

significantly increased in the udder diseased groups. 

Analysis of the correlation between ultrasound and 

topographic anatomy measures of donkey superficial LN 

verified a significant positive correlation between the 

measured length and width of the examined LN which 

means that ultrasonography is a reliable method for the 

examination of superficial lymph nodes in the donkey. 

 

5. CONCLUSION  
 

In conclusion, the present data provide baseline information 

on normal ultrasonographic imaging as well as the 

topographical anatomy of the superficial LNs of adult 

donkeys. Moreover, our study confirms that the 

ultrasonography is a costless, non-invasive reliable 
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diagnostic tool for evaluating the status of superficial LN in 

donkeys as well as horses. 

 

ACKNOWLEDGEMENT 

 
We gratefully acknowledge the clinic crew for animal 

handling during the sampling and examination procedure. 

 

CONFLICTS OF INTEREST 
 

The authors declare no conflict of interest. 

 

ETHICAL STATEMENT 
 

We certify that legal and ethical requirements have been met 

concerning the animal use described in the study and all 

procedures were approved by the Ethical Committee for 

Institutional Animal Use and Care of the College of 

Veterinary Medicine, Menoufia University, Egypt. 

 

AUTHOR'S CONTRIBUTION  
 

Conceptualization by Khalil AH and Abd Al-Galil AS. Data 

curation by Khalil AH, Ahmed S-A and Abd Al-Galil AS. 

Formal analysis by Khalil AH and Kandiel MM. The 

methodology by Khalil AH, Abd Al-Galil AS, and Ahmed 

S-A. Writing – original draft by Khalil AH and Ahmed S-A. 

Writing - review and editing by Khalil AH, Abd Al-Galil AS 

and Kandiel MM. 

 

6. REFERENCES 

 
1. Abdelgawad, E.A., Abu-samra, M.F, Abdelhay, N.M., and 

Abdel-Azeem, H.M. 2020. B-mode ultrasound, colour Doppler, 

and sonoelastography in differentiation between benign and 
malignant cervical lymph nodes with special emphasis on 

sonoelastography. Egyptian Journal of Radiology and Nuclear 

Medicine 51: 1-10. 
2. Adedokun, R., Fagbohun, O., Akinlabi, E., Adebiyi, T., Otuh, 

P., Jeremiah, O., Adesina, R., Okpe, B., Jarikre, T., and 

Adeniran, G. 2020. Clinicopathological features, molecular 
diagnosis and treatment of epizootic lymphangitis in a donkey 

at a university zoological garden: a case report. Comparative 

Clinical Pathology 29: 899-903.  
3. Alsobayil, F.A., El-Shafaey, E.S., Sadan, M., and Alshoshan, 

A.A. 2019. Evaluation of sevoflurane anaesthesia in donkeys 

(Equus asinus) premedicated with xylazine and induced with 
thiopental. Journal of equine veterinary science 77: 50-56.   

4. Białek, E.J., and Jakubowski, W. 2017. Mistakes in ultrasound 

diagnosis of superficial lymph nodes. Journal of 
ultrasonography 17: 59.  

5. Blum, K.S., and Pabst, R. 2006. Keystones in lymph node 

development. Journal of anatomy 209: 585-595.   
6. Bradley, K.J., Bradley, A.J., and Barr, F.J. 2001. 

Ultrasonographic appearance of the superficial supramammary 

lymph nodes in lactating dairy cattle. Veterinary Record 
148(16): 497-501.  

7. Budras, K.D., Habel, R.E., Habel, R.E., Wunsche, A., and 

Buda, S. 2003. Bovine Anatomy: An Illustrated Text. 
Schlütersche. 

8. Citi, S., Oranges, M., Arrighi, E., Meucci, V., Della Santa, D. 

and Tommaso, M. 2020. Sonographic evaluation of medial iliac 
lymph nodes-to-aorta ratio in dogs. Veterinary Sciences 7: 22  

9. Damian, A., Socaciu, A., Chirilean, I., Stan, F., Gudea, A., 

Crişan, M., Dezdrobitu, C., Tuns, F., Pop, A., and Ayman, A. 
2009. Anatomical studies regarding the arterial vascular system 

of mammary gland in camel, cow and mare. Bulletin 

UASVM 66: 1.   
10. Davis, C.R., Valentine, B.A., Gordonm E., McDonough, S.P., 

Schaffer, P.A., Allen, A.L., and Pesavento, P. 2016. Neoplasia 

in 125 donkeys (Equus asinus) literature review and a survey of 

five veterinary schools in the United States and Canada. Journal 

of Veterinary Diagnostic Investigation 28: 662-670.  
11. Dyce, K.M., Sack, W.O., and Wensing, C.J. 2009. Textbook of 

veterinary anatomy-E-Book. Elsevier Health Sciences. 

12. Elmore, S.A. 2006. Histopathology of the lymph nodes. 
Toxicologic pathology 34: 425-454.   

13. Esen, G. 2006. Ultrasound of superficial lymph nodes. 

European journal of radiology 58: 345-359.  
14. Flood, P.F., 1996. Textbook of Veterinary Anatomy. The 

Canadian Veterinary Journal 37: 763. 

15. Getty, R. and Sisson, S. 1975. Sisson and Grossman's the 
Anatomy of the Domestic Animals. 

16. Hayashi, A., Visconti, G., Yamamoto, T., Giacalone, G., 

Hayashi, N., Handa, M., Yoshimatsu H and Salgarello M, 2018. 
Intraoperative imaging of lymphatic vessel using ultra high-

frequency ultrasound. Journal of Plastic, Reconstructive & 

Aesthetic Surgery 71: 778-780.   
17. Hussein, H.A., EL-Khabaz, K.A., and Malek, S.S. 2015. Is 

udder ultrasonography a diagnostic tool for subclinical mastitis 

in sheep?. Small Ruminant Research 129: 121-128.   
18. Janvier, V., Evrard, L., Cerri, S., Gougnard, A., and Busoni, V. 

2016. Ultrasonographic findings in 13 horses with lymphoma. 

Veterinary Radiology & Ultrasound 57: 65-74.   
19. Kayani, B., Zacharakis, E., Ahmed, K., and Hanna, G. 2011. 

Lymph node metastases and prognosis in oesophageal 

carcinoma–a systematic review. European Journal of Surgical 
Oncology (EJSO) 37: 747-753.  

20. König, H.E. and Liebich, H.G. 2020. Veterinary anatomy of 

domestic animals: Textbook and colour atlas. Georg Thieme 
Verlag. 

21. Mansour, M., Wilhite, R., and Rowe, J. 2017. Guide to 
ruminant anatomy: dissection and clinical aspects. John Wiley 

& Sons. 

22. Mattoon, J., and Nyland, T. 2002. Abdominal fluid, lymph 

nodes, masses, peritoneal cavity, and great vessel thrombosis. 

Small animal diagnostic ultrasound 2: 82-92.  

23. Mendoza, F., Toribio, R.E. and Perez-Ecija, A. 2018. Donkey 
internal medicine—Part II: Cardiovascular, respiratory, 

neurologic, urinary, ophthalmic, dermatology, and 

musculoskeletal disorders. Journal of Equine Veterinary 
Science 65: 86-97.  

24. Kandiel, M., and El Shafey, A.A. 2017. Ultrasonographic 

appearance and echo-pattern characterization of donkeys’ 
internal reproductive organs. Journal of Advanced Veterinary 

Research 7: 39-46. 

25. Mountain, C.F., and Dresler, C.M. 1997. Regional lymph node 
classification for lung cancer staging. Chest 111: 1718-1723. 

26. Nyman, H.T., Kristensen, A.T., Skovgaard, I.M., and McEvoy, 

F.J. 2005. Characterization of normal and abnormal canine 
superficial lymph nodes using gray‐scale B‐mode, color flow 

mapping, power, and spectral Doppler ultrasonography: a 

multivariate study. Veterinary Radiology & Ultrasound 46: 
404-410.  

27. Nyman, H.T., and O’Brien, R.T. 2007. The sonographic 

evaluation of lymph nodes. Clinical techniques in small animal 
practice 22: 128-137 

28. Ogassavara, B., Tucunduva, R.R., Souza, R.R., and Tucunduva, 

M.J. 2016. Ultrasound evaluation of the morphometric patterns 
of lymph nodes of the head and neck in young and middle-aged 

individuals. Radiologia Brasileira 49: 225-228. 

29. Pantuck, A.J., Zisman, A., Dorey, F., Chao, D.H., Han, K.R., 
Said, J., Gitlitz, B.J., Figlin, R.A., and Belldegrun, A.S. 2003. 

Renal cell carcinoma with retroperitoneal lymph nodes: role of 

lymph node dissection. The Journal of urology 169: 2076-2083 
30. Pugh, C.R. 1994. Ultrasonographic examination of abdominal 

lymph nodes in the dog. Veterinary Radiology & Ultrasound 

35: 110-115  
31. Roozendaal, R., Mebius, R.E., and Kraal, G. 2008. The conduit 

system of the lymph node. International immunology 20: 1483-

1487.   
32. Sayed-Ahmed, A. 2009. Prenatal development and micro-

vasculatures of the eyelids of the Egyptian water buffalo 

(Bubalus bubalis). Journal of Veterinary Anatomy 2: 1-21.  
33. Schreurs, E., Vermote, K., Barberet, V., Daminet, S., Rudorf, 

H., and Saunders, J.H. 2008. Ultrasonographic anatomy of 

abdominal lymph nodes in the normal cat. Veterinary 
Radiology & Ultrasound 49: 68-72. 



BVMJ 42 (2): 128-133  Khalil et al. (2022) 
 

933 
 

34. Sikandar, A. 2020. Morphophysiological Study of 

Gastrointestinal Tract of the Donkey (Equus asinus), In: Equine 
Science. IntechOpen. https://doi.org/10.5772/ 

intechopen.92722 

35. Spattini, G., Rossi, F., Vignoli, M., Lamb, C.R. 2003. Use of 
ultrasound to diagnose diaphragmatic rupture in dogs and cats. 

Veterinary Radiology & Ultrasound 44: 226-230.  

36. Walk, E.L., McLaughlin, S., Coad, J., and Weed, S.A. 2014. 
Use of high frequency ultrasound to monitor cervical lymph 

node alterations in mice. PloS one 9, 

e100185.  https://doi.org/10.1371/journal.pone.0100185 
37. White, S.D. 2013. Donkey dermatology. Veterinary Clinics: 

Equine Practice 29: 703-708. 

38. Zhang, Y., Lv, Q., Yin, Y., Xie, M., Xiang, F., Lu, C., Yan, T., 
Li, W., Xu, H. and Huang, Y 2009. The value of ultrasound 

elastography in differential diagnosis of superficial lymph 

nodes. Frontiers of medicine in china 3: 368-374.  

 

https://doi.org/10.5772/
https://doi.org/10.1371/journal.pone.0100185

