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Abstract: The anatomical and histological study were conducted on 72 specimens of buffaloes foot, regardless of the age and species, 
The foot structures were described which included first phalanx, second phalanx, third phalanx, digital cushion, joint, ligaments and 
tendons, as well as the foot’s sole, blood and nerve supply. The main source of blood supply is the median artery, the radial artery, 
dorsal metacarpal artery. On the other hand, the metacarpophalangeal joint, proximal interphalangeal joint and joint’s capsules were 
shown by radiographic pictures. The median nerve is the main source of the nerve supply of foot, as well as ulnar and radial nerve. 
However, the digital tendons on the dorsal surface and palmer surface were represented by common, proper flexor digital tendons 
and deep superficial digital extensor tendons respectively, the histological picture of coronary region revealed that it consistd of horn 
tubules and intertubular horn. While the lamellae region showed that it consisted of primary epidermal lamellae, containing the 
epidermis and dermis regions, also, noticed that the epidermal lamellae was interfered with faced dermis lamellar. The histological 
structure of the hoof revealed that it consisted of keratinocytes which connected with each other by desmosal adhesion. Digital 
cushion contained of elastic and collagen fibers with presence of adipose cells masses greater than that at foot sole.  
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1. Introduction 

Most of buffaloes in Iraq found in the provinces of 

the Southern marsh areas, particularly in Maysan and 

Thi Qar, and Basrah, and gradually reduced in 

northern areas [1]. 

Small numbers of buffaloes raised for the purpose 

of milk production, and slaughters to produce meat, 

raised small numbers for the purpose of milk 

production, as well as utilized as a secondary source 

which is characterized by milk production. The Iraqi 

buffaloes are forced roughness and the magnitude of 

their limbs [2]. 

Generally known as the foot was the distal part of 

the limbs to be put into the animal’s body, which 

consists mainly of bone and skin [3].  

There are differences between the different animals 
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where there is a specific soccer part blockaded the 

bottom of the metacarpal bone and is characterized by 

the presence of a wedge of fibrous fatty covering the 

solar surface of the articulations, and covers distal 

phalanx by cornified cover called claw, or socks, 

(example is the dog and camel within the category 

digitigrades) [4].  

The other group represents the foot of that part 

blockaded from the limb, which bears the pressure off 

the foot called the family unguligrade example is 

ruminants, and review of the feet of animals, we find 

that the buffalo is part of a group of unguligrade, 

where the objects of the foot consist of tow fingers 

which surrounded by a cornified covers on hoof [3] 

claw. The dermis is the tissue covers each finger and 

contains blood vessels and nerves  

The skeleton of the foot in cattle and horses consists 

of metacarpal bone, proximal phalanx and central 

middle phalanx and distal phalanx with a pair of 

D 
DAVID  PUBLISHING 



Anatomical and Histological Study of the Foot of Iraqi Endogenous Buffaloes (Bubalus bubalis) 

 

1012

sesamoid bones, proximal sesamoid bones and a 

single distal navicular bone [3].  

The hoof wall was the part of the hoof that can be 

seen when the hoof directed toward the ground, 

including areas Periople, coronary and lamella consists 

of keratin wall characterized by that of keratinized 

protein distinct structures entirely from the skin [5].  

The dermis is the layer that lies directly under the 

skin, also called living layer, this connective tissue 

layer and supporting layer of skin contain blood 

vessels and nerves, consisting of areolar and elastic 

fibers [6]. 

Digital cushion form a thick layer of the hoof 

dermis [7], it contains layers of connective tissue with 

the chambers filled with a small amount of adipose 

tissue. Pad includes a bundle of elastic fibers and 

areolar overlapping with each other and this helps in 

the absorption of shocks and pressure off the hoof. 

The coronal edge coating so-called coronary band 

(Coronary Cushion) is a thick layer of elastic tissue of 

the dermis which lies under the dermis (Coronary 

corium) [8]. The purpose of present study is to 

investigate the morphological and histological 

structure of the buffaloes foot.  

2. Materials and Methods 

2.1 Specimences Collection 

The study samples were collected from 72 of 

buffaloes foots, regardless of the animals age and sex 

from the Basrah slaughterhouse. The specimences 

were stored in low temperatures (freezing) for 

anatomical studies. The histological samples were 

prepared in formalin concentration of 10%, and then 

preserved with alcohol concentration of 70%. 

2.1.1 Anatomical Study 

Topographic study of the foot 

Topographic study included the description of the 

general shape of 10 feet and pauses, which include the 

order of two fingers and foot soles.  

2.1.2 Anatomical Study 

This study was divided into two groups. 

2.1.3 Descriptive Study 

Attended the skeleton in a manner erosion using 

(KOH) concentration (20%) for three to five days.  

2.2 Radiographic Study 

In this group X-ray was taken of five feet 

(cranio-caudally) shows the skeleton of the foot-ray 

device of the type hard (Shimadzo X-ray machine) 

Japan-made. VDC amount of kVp = 60 and the 

exposure time 0.25 seconds. 

2.2.1 Blood Supply 

Ten feet used for the purpose of showing the path 

of the arteries supplying the foot, they injected by 

physiology saline through the middle artery then 

injected with a mixture of latex and Ammonia [9] in 

ratio 3:2 mixed with red Carmen and then fixed in 

10% formalin for the purpose of anatomical study of 

blood vessels.  

2.2.2 Nerve Supply  

To illustrate the spread and distribution of the nerve, 

which supplies foot. Ten feet were used, the skin was 

removed from the foot and washed with soap and 

water, and then placed in a solution of 10% acetic acid, 

which worked to deplete the surrounding tissue for 24 

hours.  

2.2.3 The Histological Study 

Specimens of 1 cm thickness for histological study 

of dozen feet from the regions: the wall of the hoof, 

fingers pad, coronary region and laminar region [10], 

which included the stage of washing with running tap 

water for three hours after the installation process, and 

then transferred into dehydration solution which 

included the removal of water from the sample by 

using progressive concentrations of ethanol for a 

period of four hours for each concentration, then 

cleared by xylene, then embedded in paraffin wax.  

The fact that some samples contained keratin, we 

used harsh hydration process, which consisted of two 

methods: the first cooling processed the excess of the 

samples [11], so as to obtain sections of 6 mm 

thickness.  
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Where wax exces cooling increase the degree of 

hardness close to the sample stiffness, thus facilitating 

the process of cutting.  

Then follow the process of plastination, which 

includes the development of the template (after 

pruning) in a plastination solution (10% HCl) for 

(15-30 minutes) and then put it on ice.  

The second: include placing a sample of keratin in 

sulfuric acid after the installation phase of the 

formalin while the process occurs by hydration [10] 

and then follow the process of washing. Then cut the 

samples by rotary microtomer type (Euromax-Dutch) 

to make 6 micrometers thickness sections and carry 

the section on glass slides using a swab of Mayer 

albums consisting of a mix egg white with glycerine 

(50 cm egg white to 50 cm glycerine with little 

crystals of thymol), and then placed on the hot plate 

for 24 hours for the purpose of drying.  

3. Results and Discussions 

3.1 Anatomical Results 

The study showed that the foot in the Buffalo 

consisted of bones, in addition to the three large and 

small phalanges (first, second, and third) for each 

finger where the finger is the fourth lies lateral and the 

third medially (Fig. 1)  

Fig. 1, X-ray picture shows the foot skeleton in 

buffaloes and resembles the installation of the feet of 

cattle, sheep and goats [3], the hoof covers distal 

phalanx and part of the second phalanx also includes 

a distal sesamoid bone (Fig. 2). These results do not 

correspond with what it says by Yaser [12], 

describing the sock in camel that includes distal 

phalanx only because of the absence of distal 

sesamoid bone.  

The study of the hooves lengths shows that the 

length of the medial hoof of the front feet is larger 

than that observed which taking the opposite in the 

background (Fig. 3) and this is consistent with Scott et 

al. [13] in his study on the cows. 

 
Fig. 1  X ray of the three large and small phalanges of the 
foot of buffaloes.  
Slides were stained by the following: according to Luna [10]. 
1. Harris Hematoxylin and Eosin are routinely used to detect 
the overall structure of the tissue.  
2. Weigrt’s iron hematoxylin: for the detection of elastic 
fibers.  
3. Van gieson: for the detection of Areolar fibers, and then 
cover the slide by using the Canada Balsam and examined the 
slides under the microscope (type Olympus) and was captured 
by using a digital camera type Genix.  
 

 
Fig. 2  Proximal sesamoid bones in Buffaloes. 
 

 
Fig. 3  The foot of the buffaloes, A Medial claw, B Lateral 
claw. 
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The middle artery are the major source of feeding 

of the palmer’s foot in Buffalo, therefore it is a larger 

staining, and thicker than other palmer arteries. The 

radial artery is thinner and participates with it in the 

composition of superficial proximal palmer arch from 

the deep proximal arch which branches from the 

proximal network with the middle artery (Fig. 4), This 

is similar with the results of Yaser [12] in camel, [14, 

15] in cattle arises metacarpal palmer arteries III and 

IV of the proximal palmer arch. 

This corresponds with the Collis et al. [16] in 

buffalo as the emergence of similar arteries in cattle 

[14]. 

The third common digital palmer artery results from 

communication distal middle artery which considered 

the main source of the blood in both two fingers in 

Buffalo, this result comes an arrangement similar to 

what said by Pollitt [8] in their study on horses that 

the third common digital palmar artery was only 

source of extended blood in the foot. 

Articular Capsule: the results shows that articular 

capsule of metacarpal phalangeal joint is wider than 

articular capsule that joined between the proximal 

phalanges, because there are Proximal sesamoid bones 

which will help to stretch the capsule, also works to 

support the articular capsule (Fig. 5), This corresponds 

to Dyce [3] in their studies on cattle, indicating that 

the palmer recess be more extensive than the dorsal.  

3.2 Histological Study 

The majority of the outside structure covered of the 

hoof is a cornified tissue composed of keratinized 

epithelial cells, free of blood vessels and nerves (Fig. 

6) and this is consistent with Pollitt [8] in horses, 

describing the hoof wall as installed of Keratin similar 

to the other structure derived from the epidermis horns 

or hair keratinocytes associated in the cross-section to 

each other by desmosomes (connecting particles), 

which is a protein association where it works as a 

strong solid barrier to prevent the passage of water 

and fluids inside, on the other hand, prevent the loss 

of internal fluids, and working as supporting to the  

 
Fig. 4  Blood supply of the foot, A- dorsal metacarpal artery. 
 

 
Fig. 5  X ray for interphalangeal metacarpal joint. 
 

 
Fig. 6  Foots wall Keratine H & E, 100X. 
 

animal weight (Fig. 7) [17]. It was noted the different 

shape of the cells and sizes and this explains why cells 

go through stages of the mature keratinocyte 

formation, that found in the stratum corium for skin 

barrier we distinguished three cell layers, including 

the basal layer (stratum basum) and spinal layer 

(stratum spinosum) and the stratum corium (Figs. 

8-10). This corresponds with Bacha et al. [6], where 
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Fig. 7  Foot wall Keratine (cross section) A Desmosomes, B 
Keratocytes H & E, 400X. 
 

 
Fig. 8  Foot wall dermis, A Basement layer, B Dermis Layer, 
H & E, 100X. 
 

 
Fig. 9  Lamellar layer. A Coetaneous lamellar layer, B 
Dermis, C Blood Vessels. H & E 400X. 
 

study the skin layers in the hoof wall of horses and 

hoofed ruminant showed the absent of granular and 

transparent layers. The basal cell layer are cuboidal 

cells, and this varies with Pollitt [8] which noted that 

the form of the basal layer in horses is a cell polygonal  

 
Fig. 10  Papillary layer, A interpapillary tissue, B 
Papillary broad end ,C connecting tissue , H & E, 400X. 
 

 
Fig. 11  A Areolar tissue of digital cushion, B muscle Fibers 
H & E, 250X. 
 

 
Fig. 12  A Pacinian corpuscle in the connective tissue of 
digital cushion H & E, 400X. 
 

in shape and based on the basement membrane 

adjacent to epidermis, where the cytoplasm of these 

cells a bit with large nucleus, this considered as a 

generator germinal layer as demonstrate accountable 

for the production of new cells start rushing towards 
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the stratum spinosum.  

The zone laminate forms the inner layer stratum 

internum of the hoof wall. The histological study 

showed it was composed of sheets of skin were only 

preliminary and the absence of secondary platelets and 

this was contrary to what referred by Ownby [18] in 

his study on horses that lamellar layer of the hoof wall 

composed of initial platelets, while studies [6, 19] 

found this layer as a container for the preliminary 

platelet in ruminants only. 

The coronary region considered as keratin 

generating region in the hoof of horses and ruminants, 

where the study showed that it consisted mainly of 

horny tubules and intercorneal substance which 

distributed randomly and this was contrary to what 

was said by Reilly [20] in the distribution of corneal 

tubules in horse.  

Histological structure of the digital cushion in 

buffaloes mainly consisted of elastic fibers and 

interconnected with areolar tissue. It was found that 

the thickness of elastic fibers increase as we head back 

and less gradually toward the forward because of 

pressure off the phalanges where they absorb the 

pressure, is also working on supporting and protecting 

the dermis (Fig. 11). This corresponds with what 

described by Arnautovic et al. [21] in the lateral 

cushion of camel, indicating that it is composed of 

elastic tissue mixed with adipose tissue, while the 

results of our study are different with Pollitt [8] in 

horses as increasing the thickness of elastic areolar 

fibers in addition to adipose tissue toward the digit 

and the decrease at the ankles, papillae layer were the 

layer surrounding the padding where the results show 

statistically significant differences between the 

thickness of the end of the broad papillary area with 

increased amount of connective tissue towards the 

highest in the vast region of papillae and this is 

consistent with the Bacha et al. [6] described the form 

of papillae in horses, indicating they are of conical 

shape, while not showing any difference between the 

thickness of the end of the vast thickness of 

connective tissue between the papillae and thus the 

latter region does not show any significant difference 

for the thickness of the end tapered for papillae, has a 

meek role mechanically in addition to nutrition living 

layers in the skin of the hoof or cloven [22]. The 

endings of sensory nerve in the region and particlarly 

pacinian corpuscles which is for the installation of an 

oval into the soles tissue of the dermis (Fig. 12) and 

was consistent with what reported by Bacha et al. [6] 

that such gross and function physical evidence and by 

responding to pressure, vibration, and this was similar 

to particles Herbts in chickens that have a role in 

positioning the foot and keeping the balance of the 

birds on the ground, this in agreements with Ross et al. 

[23] who clarified the role of these particles in humans, 

giving a sense of an initial order to minimize or 

increase the supply of bloody pot start projection to 

sense ressure on the foot.  

4. Conclusions 

The study is a preliminary evaluation that the foot 

of buffaloes consists of bones and tendons supports 

represents by the bones of phalanx, and muscles 

tendons and ligaments, its innervates by median, 

radial and ulnar nerves, the wall of the foot composed 

of keratocytes connect by desmosomes. 
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