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ABSTRACT

In the present study tens adult healthy domestic cat (Felis catus), were used to investigate macro-anatomy, morphometry of bones of skeleton. Which consist 5 male and 6 female cats. They were used to determine neurocranial measurements of the skulls. The mean neurocranial volume was 28 ± 0.97 mL, neurocranial length was 6.63 ± 0.77 cm, and the neurocranial height and index were 3.32 ± 0.38 cm and 49.89%, respectively. The mean whole skull length and height were 8.25 ± 0.14 cm and 4.29 ± 0.21 cm. The skull without the mandible was 3.37 ± 0.16 cm in height, and the whole skull index was 51.94 ± 2.51. The mean height and width of the foramen magnum were 1.23 ± 0.09 cm and 1.35 ± 0.08 cm, respectively, while the foramen index was below 100 at 81.46 ± 1.42. It was also observed topographically that the scapula was more or less similar to other carnivore’s animal topographically with exception that, the presence of a suprahamat process was only found in cat. Dorsal and ventral borders of the humerus were hooked at the opposite ends so that it was the form of an Italic f. The humerus of the adult cat was 9.57 ± 0.17 cm in length. The average diameter of the humerus was 1.05 ± 0.01 cm. The radius of adult cat was 8.48 ± 0.17 cm in length. The diameter of shaft of radius at distal end was 0.63 ± 0.01 cm. The total length of ulna of adult cat was 9.62 ± 0.37 cm. Average distance between the midacetabulum and tuber coxae was 4.40 ± 0.16cm. Average distance between the midacetabulum and ischial tuberosity was 2.38 ± 0.21cm. Total length of femur in hind limb was 10.42 ± 0.19cm. Average diameter of the femur was 0.89 ± 0.02 cm. Total length of the tibia was 10.37 ± 0.22cm.  Diameter at proximal end of tibia was 1.03 ± 0.02cm. Total length of the fibula was 10.18 ± 0.13cm. In conclusion the present data suggest that, the anatomy of the bones of cat was differed slightly, both structurally and morphometrically with other non- ruminants and varied widely with ruminant animals. 

Key words: macro-anatomy, skull, foramen magnum, cranial pressure, scapula, humerus, femur, cat.
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CHAPTER I

INTRODUCTION
Bangladesh is one of the developing countries in the world. In recent day the population in the city area is increasing day by day, and also pet animal rearing especially domestic cat (Felis catus) is increasing for recreation purpose. Cats were predominantly domesticated in order to control pests such as mice, rats and snakes. Recently they have been bred solely for their beauty. Cats were first domesticated in Egypt around 2000BC (Serpell, 1988);(Coleman et al., 1997), they were brought to Britain by 300AD by the Romans and European colonists were the ones to introduce them around the globe (Coleman et al., 1997). The knowledge of anatomical variation is important for radiological, surgical and also for treatment purposes due to it’s practical and theoretical significance for experimental research and surgical practice for their respective field (Mohiuddin et al., 2001) . Domestic cats serve as a reservoir for numerous wildlife and human diseases, including cat scratch fever, distemper, histoplasmosis, leptospirosis, mumps, plague, rabies, ringworm, salmonellosis, toxoplasmosis, tularemia, and various endo and ecto parasites (Fitzwater, 1994). These diseases may be transferred to wildlife species that come to contact with feral, stray and domestic pet cats, threatening vulnerable populations. There were some macro-anatomical investigations on the skeletal systems of large animals such as horse and cattle (Getty, 1975), small ruminants such as sheep (Getty, 1975), carnivores such as dog (Evans and Christensen, 1979), wild carnivores such as the mink and from the order of Rodentia such as guinea pig and rat (Özkan et al., 1997; Yalmaz S. 1998). And also the other Lagomorpha such as rabbit (Özkan et al., 1997). Neurocranium consists of os occipitale, os sphenoidale, os pterygoideum, os ethmoidale, vomer, os temporale, os parietale and os frontale (Getty, 1975; Evans, 1979; Dursun, 1994). The skeleton of the cat consists of 230 to 247 bones exclusive of the sesamoid bones (44) and the chevron bones (8). These are divided as follows: head 35-40, vertebral column 52-53, ribs 26, sternum 1-8, pelvis 2-8, upper extremities 62, and lower extremities 54-56 (Reighard, 1935). The number of bones varies with the age of the individual, being fewer in the old than in the young animal, owing to the fact that in an old animal some bones that were originally separate have united. The scapula consist of represented three borders, three angles and two surfaces in horse (Getty, 1975), sheep (Getty, 1975). Similar there were many characteristics was observed in various bone parts. Various works on macro-anatomical investigation was reported, for therefore the literature on the macro-anatomical features of the skeletal system of cat is meager.
Therefore this study was carried out for-

· To investigate the speciﬁc macro-anatomical features of the different               neurocranium of skull of the cat.

· To investigate the speciﬁc macro-anatomical features of the different bones of bones of the cat.

· And also to contribute to the present level of information.

CHAPTER II

REVIEW OF LITERATURE

2.1. SKULL

Dinc, (2001) reported that supraorbital foramen was absent in the badger and Yılmaz et al. (2000) reported the same in otter.

Dinc, (2001) described that the crista sagittalis externa was developed, os interparietale fused with squama occipitalis and os parietale, the processus mastoideus was marked in the badger.

Getty, (1975); Evans and Chirstensen, (1979);  Dursun, (1994) reported that neurocranium consists of os occipitale, os sphenoidale, os pterygoideum, os ethmoidale, vomer, os temporale, os parietale and os frontale, and it is the part of the skull which protects the brain.
Hidaka et al., (1998) described that the shape of foramen magnum was almost oval in badger and raccoon dog.

Hidaka et al., (1998) reported that the frontal zygomatic process was angular shape in raccoon dog, less developed in badger and absent in badger (Dinc, 2001) and otter (Yılmaz et al., 2000). The present study found that the frontal zygomatic process was less developed in otter, slightly developed in the badger and dog, and was well developed in cat.

Nzalak et al., (2005) described that the preliminary work has been done on the brain weight of the African giant rat and since the brain weight is known to be 85–90% of the weight of the cranial content (Shepherd et al., 2004).
2.2 VERTEBRAE WITH OS COXAE AND APPENDICULAR SKELETON
Dyce, (2002) reported that the hamate process or metacromion has mainly been described in carnivores, and a suprahamate process is only found in the cat.

Dyce, (2002) reported that supracondylar foramen in the african giant rat has not been reported in rodents and has been observed only in cat in which it transmits the median nerve and the brachial artery. 
Evans and Chirstensen, (1979) reported that in dog the acromion process was also found to be prominent (Getty, 1975) reported that in cattle the free edge of spine not subsided but formed prominent acromion process.
Getty, (1975) reported that two fully developed digits (3rd and 4th) are present in the cattle.
Getty, (1975) reported that femur is more massive and at the upper part of the lateral border, there is an extra prominence, known as third trochanter and also  the fovea capitis is deep and notched in horse.
Getty, (1975) reported that in horse patella is not as triangular as cattle, and it is comparatively longer in dog (Evans and Chrisenses, 1979).
Getty, (1975) reported that the proximal end of patella is expanded and presents two condyles (lateral and medial) and a tuberosity in cattle.
Getty, (1975) reported that fibula was highly rudimentary in cattle.
Getty, (1975) reported that the glenoid cavity of goat’s scapula was oval in outline, in horse (Getty,1975) and sheep (Getty 1975), shallow in the dog(Evans and Chrisenses, 1979).
Getty, (1975) reported that supra glenoid tubercle was small and close to the glenoid cavity in cattle and dissimilar with horse (Getty, 1975) dog (Evans and Chrisenses, 1979).
Getty, (1975) reported that the scapula consist of three borders, three angles and two surfaces in horse, cattle (Getty, 1975), sheep (Getty, 1975).
Getty, (1975) reported that ulna is ill developed and extends only up to the distal third of radius and therefore, only one interosseous space is formed in horse, in dog radius and ulna are two separate bone dog (Evans and Chrisenses, 1979). 
Getty, (1975) reported that carpus were six short bones arranged in two rows between the radius and ulna above the metacarpal bones below in cattle, there are seven bones in the carpus of dog (Evans and Chrisenses, 1979). 

Kuru, (1987) & Demirsoy, (1992) reported that the dog (Canis familiaris), cat (Felis domesticus) belonging to Canidae is taxonomically diﬀerent from the badger (Meles meles), marten (Martes foina) and otter (Lutra lutra), a mustelid species.

Siddiqui et al., (2008) reported that the humerus of adult Black Bengal goat was 12.06 ± 0.27cm in length. The diameter of shaft at the level of nutrient foramen was 4.24 ± 0.05 cm. The breadth of humerus was 1.66 ± 0.06 cm. The deltoid tuberosity was less prominent and there was shallow radial and olecranon fossa. The radius of adult Black Bengal goat was 11.12 ± 0.23 cm in length. The diameter of shaft of radius-ulna just below the interosseous space was 3.86 ± 0.12cm. The total length of ulna of adult Black Bengal goat was 14.20 ± 0.20 cm.
Özkan, (2002) & Dyce et al., (2002) reported that the carpus os carpi radiale and os carpi intermedium were fused and there was a central bone in the distal portion of os carpi inter medioradiale as in the mole rats, cats and dogs and this pattern was specialized for fast running.
Özkan, (2002) reported that the average distance between the midacetabulum and ischial tuberosity (tuber ischiadicum) was 1.38 cm. The average sagittal length and wide of the foramen obturatum were 1.14 cm and 0.66 cm, respectively.
CHAPTER III

MATERIALS AND METHODS
                                                                                                                                                                                     A total number of 10 adult cats (5 males, 5 females) were collected from the Jhawtola bazaar (fish market) during January to April 2012. Their average weights were 3.10 kg. The total work was carried out in the department of Anatomy and Histology, Chittagong Veterinary and Animal Sciences University for this study. Skeleton were then collected after humanely euthanatized by using saturated magnesium sulphate solution above 80% which was administered in the radial vein of the cat. Before killing, the physical examinations of the cats were performed and the healthy cats were selected for the collection of the bones, just after respiration and heartbeat stopped. The skin, fascia and muscles were removed from the bones. Then the bones were boiled in soap water for long time for the easy removal of muscle tendons and ligaments. Before boiling, each of the skeleton part was wrapped separately with net to prevent the loss of small bones. After boiling the remained muscles and tendons were removed and washed with tap water. The bones were washed with bleaching powder to remove the unpleasant smell and dried with sunlight for two days and finally kept in the room temperature for gross study. For gross biometrical study total length, width or breadth of the different parts of skeleton likes skull, scapula, humerus, radius-ulna, femur, tibia and fibula. Then they were measured. Measurements of skull were taken using the method of Onar et al., (1997); Endo et al., (2002), and Fernandes et al., (2008). Neurocranial volume was obtained by filling the macerated neurocrania with fine grains after blocking the related foramina with plastic tape; the contained grains were then measured with a measuring cylinder. The descriptive features observed on the skull were also documented. Arithmetic mean (AM) and Standard deviation (SD) were calculated by using data analyzer software (STATA/IC-11.0). Significant was tested only for neurocraniometry between male and female, but in case of other bones male and female was ignored for determining the significant value. And pictures were taken by using SONY DSC-W510(Sony corporation, China) digital camera.
Definitions of measured parameters

3.1. Skull:
Neurocranial volume (NCV). The volume of the neurocranium was measured by first using Plasticine to block all the foramina of the intact skull. The neurocranium was then filled with grains from the foramen magnum. When full, the grains were emptied into a measuring cylinder and the volume determined.

Neurocranial length (NCL). From the deepest indentation of the fronto-ethmoidal junction to the middle of the distal surface of the cranium at the level of the cerebral surface of the external occipital protuberance.

Neurocranial height (NCH). From the deepest indentation of the sella turcica directly dorsal to the inner layer of the root of the cranium.

Neurocranial index (NCI) — NCH/NCL (%).

Whole skull height (WSH). From the highest level of the frontal bone to the lowest level of the rostral mandible curve.

Skull height without the mandible (SHWM).

From the level of the highest point of the frontal bone to the base of the jugular process.

Whole skull length (WSL). From the nasal tip to the caudal-most regions of the occipital bone.

Whole skull index (WSI) — WSH/WSL × 100.

Foramen magnum width (FMW). Largest width of the foramen magnum.

Foramen magnum height (FMH). Mid vertical height of the foramen magnum.

Foramen magnum index (FMI) — FMH/FMW × 100.

3.2. Fore limb and hind limb bones:
Scapula. 

1. Total length of scapula with scapular cartilage. cm
2. Total length of scapular cartilage. cm

3. Total length of scapula without scapular cartilage. cm
4. Width of scapula at medial surface from cranial angle to caudal angle. cm

5. Diameter of scapula at distal end or colum of scapula. cm

Humerus.
1. Total length of humerus. cm
2. Diameter at proximal end (cranial to caudal border). cm

3. Diameter at distal end (lateral to medial border) cm
4. The diameter of the shaft at the middle of the shaft. cm

Radius.

1. Total length of the radius. cm
2. Diameter of the shaft of the radius at distal end. cm

3. Diameter of the shaft of the radius at proximal end. cm
4. Diameter of the shaft of the radius at middle of the shaft. cm

Ulna.
1. Total length of the ulna. cm

2. Diameter of ulna at proximal end. cm

3. Diameter of ulna at distal end. cm

4. Diameter of the shaft of ulna. cm

Os coxae.

1. Average distance between the midacetabulum and tuber coxae. cm

2. Average distance between the midacetabulum and ischial tuberosity. cm

3. Average sagittal length of the foramen obturatum. cm

4. Distance between the two ischial tubersity of ossacoxarum. cm

Tibia and fibula.

  1. Total length of tibia. cm

  2. Diameter of tibia at proximal end. cm

  3. Diameter of tibia at distal end. cm

  4. Diameter of tibia at shaft. cm

  5. Total length of fibula. cm
CHAPTER IV

RESULTS AND DISCUSSION
Axial skeleton
[image: image1.jpg]



Figure 1: Skull as a whole, premaxillary(A), malar (B), supraorbital arch(I), parietal bones (B), maxillary bone(O).
4.1. Morphology and morphometry of skull (As a whole)
The bones of the head was consist of the skull proper together with' a number of separate bones forming part of the visceral skeleton; these were the lower jaw, the hyoid, and the earbones. The skull proper is considered as divided into cranial and facial portions. The former includes all the bones which take part in bounding the cranial cavity or cavity of the brain; the latter includes the bones which support the face.The cranial portion of the skull includes all that part enclosing the large cavity which contains the brain. For convenience this portion may be considered as made up of three segments, each of which forms a ring surrounding a part of the cranial cavity. The first or caudal segment or ring were consists of the occipital bone (with the interparietal) surrounding the foramen magnum. The second segments were consists of the sphenoid ventrad, the parietals laterad and dorsad. Between the first and second segments are intercalated laterally the temporal bones containing the auditory organ. The third segment or ring consists of the presphenoid ventrad, of the frontals laterad and dorsad. The cranial opening of this ring is closed by the lamina cribrosa of the ethmoid. The cranial portion of the skull therefore contains eleven separate bones: one occipital, one interparietal, two temporals, one sphenoid, two parietals, one presphenoid, two frontals,and one ethmoid. The facial portion of the skull was much smaller than the cranial, and lies craniad of the latter; it encloses the nasal cavity. It was containing the following thirteen bones: two palatines, one vomer, two maxillaries, two lachrymals, two premaxillaries, two nasals, two malar or zygomatic bones. The two halves of the mandible or lower jaw are frequently included in the facial portion of the skull, making in all fifteen separate bones in this part of the skull.
Bones of the skull
4.1.1. Occipital Bone
The occipital bone was forms the most caudal portion of the cranium, entering into the formation of its caudal wall and of its base. It connected the cranium with the vertebral column and surrounds a large opening, the foramen magnum by means of which the cranial cavity communicates with the vertebral canal. In the adult cat they are completely united into a single bone, but this bone made up of four parts. There were a basal portion (the basioccipital bone), two lateral portions (the exoccipital bones), and a dorsal portion (the supraoccipital bone). (Figure 1). In cattle this consists three partas. (Getty, 1975).
4.1.2. Interparietal Bone.
This was a small triangular bone lying between the parietals, with its apex directed craniad, and its base in contact with the squamous portion of the occipital. Its dorsal surface was arrow-shaped and has its posterior border notched. It was marked by a median crest (part of the sagittal crest) which is continued craniad from the middle of the lambdoidal crest. The ventral surface is irregularly triangular, smooth, and concave. The three borders are rough for articulation with the parietals and occipital9 (Figure 1). In cattle this was not well marked (Getty, 1975).
4.1.3. Sphenoid Bone
The sphenoid bone was two entirely distinct bones, one cranial, the other caudal. The cranial portion was designated as the presphenoid the caudal part will be described as the sphenoid. In adult cat these three bones are united to form the sphenoid bone. The body of the sphenoid lies in the middle line of the base of the skull. It is wedge-shaped, with the converging sides of the wedge directed laterad and its apex pointed craniad. It had six surfaces, of which the dorsal and a part of the laterals look into the cranial cavity. The cranial end articulated with the body of the presphenoid, and the caudal with the body of the occipital. The dorsal surface is triangular, with one apex of the triangle truncated, elevated, and directed craniad(Figure 1). In cattle this consists two parts (Getty, 1975).

4.1.4. Temporal Bone, Os temporal

This forms a part of the lateral wall of the cranium, filling the gap between the occipital and the sphenoidal segments. It was made up of three portions which are distinct in kittens but somewhat firmly united in adult cats. These bone were described as the squamous , petrous , and tympanic portions of the temporal bone. In cattle temporal bones were two parts (Getty, 1975).

4.1.5. Parietal Bone
The parietal bones formed the larger part of the lateral and dorsal boundary of the cranial cavity. Each was a thin rectangular bone, compact and curved and with a deeply notched shelf of bone, the tentorium, projecting inward from near the caudal margin. The outer surface was smooth and convex. The highest part of the convexity, a little, caudad of the middle of the bone was known as the parietal tubercle or eminence; it marks the point of beginning ossification. An obscure curved ridge, running from the caudodorsal angle or a point craniad of it craniolaterad. Near the ventral border the surface is roughened and is covered in the natural state by a part of the squamous portion of the temporal bone(Figure 1). In cattle the parietal crest was contious with temporal crest (Getty, 1975).

4.1.6. Frontal Bone
The frontal bones meet one another in the median dorsal line so as to form the roof of the skull between the parietal and nasal bones. A part extends also ventrad, forming a large part of the medial wall of the orbit and a part of the temporal fossa. The bone may be divided into two portions, a plate forming the cranial portion of the roof of the skull and a part of the roof of the nasal cavity, the frontal plate and a part descending into the orbit, the orbital plate(Fig. 1). In cattle characteristics shape of the fore head of ex was formed (Getty, 1975).

4.1.7. Maxillary Bone
The maxillary bone formed the cranial and lateral portions of the roof of the mouth. The bones of opposite sides meet craniad, but diverge caudad to enclose the palatal plates of the palatine bones. Each consists of a thick prismatic ventral portion or body and a thin flat plate, the frontal process, extending dorsad from the cranial part of the bone. The body has the form of a triangular prism whose broader dorsal face looks into the nasal cavity and orbit, while the ventral face looks into the mouth, and the lateral face toward the cheek (Fig. 1). In cattle maxillary bones was the largest bones in the facial group (Getty, 1975).

4.1.8. Nasal Bone
The nasal bones filled the space between the nasal process of the premaxillary, the frontal process of the maxillary, and the nasal spine of the frontal bone. They thus form part of the dorsal wall of the nasal cavity near the middle line(Fig.1). In cattle there were two bones remain side by side (Getty, 1975).

4.1.9. Ethmoid Bone
The ethmoid bone closed the cranial cavity at its cranial end and extends forward into the nasal cavity, which it largely fills. It consists of a median vertical portion, the lamina perpendicularis, forming a part of the nasal septum, of two lateral portions made of thin sheets of bone variously folded and united the labyrinths (or ethmoturbinals), which fill the greater part of the nasal cavity; and of a transverse perforated plate, the cribriform plate (lamina cribrosa), attached to the caudal end of the lamina perpendicularis and the labyrinths(Fig.1). There were few small air cells within the ethmoid bone (Getty, 1975).

4.1.10. Palatine Bone
The palatine bones were of two portions, a horizontal or palatal portion and a perpendicular or nasal portion, uniting at an angle of about forty-five degrees. The horizontal portions of the two bones were received between the maxillary bones and form the caudal and medial part of the roof of the mouth. Each is irregularly quadrilateral in form, with the caudolateral angle produced caudad into a long process which is continuous with the perpendicular portion of the bone. The lateral margin of the horizontal portion articulates over its cranial half with the maxillary bone (Fig.1). In cattle it was connectad in maxillary sinus (Getty, 1975).

4.1.11. The Mandible,
The mandible (or inferior maxillary bone) was composed of two halves which come together at the cranial end and form the lower jaw. At its caudal end each half articulates with the temporal bone at the mandibular fossa, and at its cranial end it joins the opposite bone, the suture being known as the symphysis of the jaw (symphysis menti)(fig.1). In cattle it comprise of abody and two rami (Getty, 1975).

The mean neurocranial volume in this study was 28 ± 0.97 mL, neurocranial length was 6.363 ± 0.77 cm, and neurocranial height was 3.3 ± 0.38 cm at its highest point. The mean whole skull length and height of the skull were 8.25 ± 0.14 cm and 4.29 ± 0.21 cm, respectively. The skull height without the mandible was 3.37 ± 0.16 cm in height, and the whole skull index was 51.94 ± 2.51 cm. The mean whole skull height was greater in males than in females, and this was statistically significant. The foramen magnum index was differed significant between both sexes at p < 0.05, between two sexes. The cranial morphometric measurements are shown in (Table 1.) 
Table 1. Osteometric analysis of the neurocranial region of the cat skulls.
	


Parameter  Overall mean         Male                   Female            P value.
	


NCV [mL]        28 ± 0.97             27.5 ± 1.11          28.5 ± 0.5           NS
	


NCL [cm]        6.63 ± 0.77          6.4 ± 0.96           6.86 ± 0.54           NS
	


NCH [cm]        3.32 ± 0.38          3.36 ± 0.49         3.48 ± 0.16          NS
	


NCI (%)          49.83%               49.45%              50.23%                  NS
	


WSH* [cm]     4.29 ± 0.21          4.34 ± 0.24         4.24 ± 0.20           NS
	


SHWM [cm]    3.37 ± 0.16          3.38 ± 0.13          3.36 ± 0.203         NS
	


WSL [cm]        8.25 ± 0.14          8.26 ± 0.15         8.24 ± 0.15          NS
	


WSI                 51.94 ± 2.25       52.57 ± 3.35       51.32 ± 0.77         NS
	


FMW* [cm]    1.35 ± 0.08           1.37 ± 0.09          1.33 ± 0.06          NS
	

	FMI             90.72 ± 4.93          86.98 ± 2.78          94.42 ± 3.52       0.0006

	

	FMH [cm]     1.32 ± 0.09            1.19 ± 0.08           1.27 ± 0.09          NS    


NCV — neurocranial volume; NCL — neurocranial length; NCH —neurocranial height; NCI — neurocranial index; WSH — whole skull height; SHWM — skull height without the mandible; WSL — whole skull length; WSI — whole skull index; FMW — foramen magnum width; FMH — foramen magnum height; FMI — foramen magnum index; NS- non significant. Values presented as mean ± SE for 10 cats (5 male and 5 female cats); *the values FMI differed significantly between the two sexes at p < 0.05.  
The mean neurocranial volume in this study was 28 ± 0.97 mL, and the neurocranial index was 49.83%. Since a direct correlation exists between cranial volume and brain volume Hidaka et al., the values obtained in this study could give a more accurate estimation of brain volume/density in the cat. The cat could also be a good experimental candidate for studies of intracranial pressure. The male animals had larger neurocranial dimensions, most likely due to size differences between the sexes. The mean whole skull length and height of the skull were 8.24 ± 0.15 cm and 4.24 ± 0.20 cm, respectively. The whole skull index in the cat was 51.32 ± 0.07. The mean whole skull height was significantly greater in males than in females — this may be due to size differences between the sexes. The mean foramen magnum width and height were 1.35 ± 0.08 cm and 1.32 ± 0.02 cm; this was not equivalent with the rabbit, because foramen magnum width and height of rabbit  was 1.15 ± 0.04 cm and 0.86 ± 0.04 cm (Kahvecioghu et al., 2000). The foramen magnum index of the cat was thus below 100 and similar to that of the rabbit. This was 74.78 ± 4.05 in rabbit (Kahvecioghu et al., 2000) and 90.70 ± 4.93 in cat, where the foramen magnum was relatively wide. The foramen magnum width was significantly greater in the male than in the female in our study, although it is speculative whether this translates to the morphometry of the contained spinal cord and meninges. The shape of foramen magnum was almost oval in badger and raccoon dog (Hidaka et al., 1998). In our study, the shape of foramen magnum was also oval in all species examined. (Hidaka et al., 1998) described that the shape of foramen magnum was almost oval in badger and raccoon dog. In our study, the shape of foramen magnum was also oval in shapes. However, (Janeczek et al., 2008) considered it an ancient characteristic which is compatible with longevity and the absence of major pathology. However, this occurrence needs be verified to ascertain its effect in the cat. 
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Figure: 2. Outline of the mid-neurocranial region of the skull of cat showing dimensions for neurocranial height (NCH) and neurocranial length (NCL).
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Fig. 3. Outline of the whole skull of cat with the mandible showimg dimensions for whole skull height (WSH) with the mandible. 
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Fig. 4. Outline of the skull of cat without the mandible showing dimensions for whole skull length (WSL) and height without the mandible (SHWM).
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Fig. 5. Outlines of the caudal view of the skull of cat showing foramen magnum height (FMH), foramen magnum width (FMW).  

4.2. Vertebrae
4.2.1. The Atlas
The first cervical vertebra or atlas has was buttrrfly shaped. The centrum was absent; it had united with the second vertebra to form the odontoid process or dens. Its place was taken in the atlas by a narrow flat arch of bone, narrower at the ends than in the middle, the ventral arch of the atlas. This connects the lateral, thicker portions of the ring ventrally and bears on its caudal margin a blunt tubercle (tuberculum). Laterally the ring was thickened, forming thus the lateral masses which were continued into the broad thin transverse processes. Each lateral mass was bearing at its cranial end on its medial surface a concave, pear-shaped facet, cranial (or superior) articular facet, for articulation with the condyles of the skull. These facets look craniomediad(Fig 5). In cattle the bones comprices large neural ring and crest (Getty 1975).
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    Fig. 5. Atlas of cat, caudal articular facets (a), transverse process (b). 
4.2.2. Axis 
The second cervical vertebra axis was not so wide as the atlas but it was much longer. Craniad the centrum was continued into a slender conical, toothlike projection, the dens or odontoid process which was representing the centrum of the atlas. The dens was smooth below for articulation with the ventral arch of the atlas. The dens of the centrum beared pairs of large cranial articular facets which was craniolaterad. The spinous process runs the length of the vertebral arch. It extends craniad of the vertebral arch nearly as far as the dens, as a flat rounded projection. The transverse process was slender and triangular and directed nearly caudad(Fig 6). In cattle body was long and the ventral apine is extended caudally (Getty 1975).
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          Fig.6. Axis of cat, caudal articular facet(a), odontoid process(b). 

4.2.3. Cervical vertebrae
The cervical vertebrae were number seven. The first two of these were so peculiar as to require a separate description, so that the last five was first considered. Passing craniad from the fourth thoracic vertebra to thethird cervical there is a gradual transition. The centra of the cervical vertebrae are broader and thinner than those of the thoracic vertebrae, while the vertebral arches and vertebral canal are larger. The caudal end of each centrum were concave and looks dorsocaudad when the centrum was held with its long axis horizontal. The cranial end of the centrum was convex and looks ventrocraniad when the centrum was horizontal. These peculiarities are more marked in the third vertebra than in the seventh. The spinous processes grow rapidly shorter as we pass craniad; the fifth, sixth, and seventh are directed dorsocraniad, the third and fourth dorsad. The caudal articular processes were situated at the junction of the radices and laminae; their facets look ventrocaudolaterad. The characteristic feature of the cervical vertebrae was their transverse process. In each of them it arises by two roots, one from the centrum and one from the arch. They were represented by a slender spicule of bone.

4.2.4. Thoracic Vertebrae
The thoracic vertebrae there was to be seen a gradual increase in the size of the centra brought about by an increase in their craniocaudal and transverse measurements. The dorsoventral measurements remain nearly the same. The costal facets shift caudad so that on the eleventh, twelfth, and thirteenth thoracic vertebras each lies entirely on the cranial end of its centrum, while the caudal end of the centrum immediately preceding was not marked by any part of it. In the eleventh thoracic vertebra each costal facet were usually still confluent with the smooth cranial end of the centrum. In the twelfth vertebra the facets were separated by smooth ridges from the cranial end of the vertebra, while in the thirteenth vertebra they are separated by rough ridges. The spinous processes of the first four were of about the same length. They then decrease in length to the twelfth, while the twelfth and thirteenth were slightly longer than the eleventh. The spinous process of the tenth (anticlinal) vertebra was vertical and those of the eleventh, twelfth, and thirteenth point craniad. Each of the transverse processes of the seventh thoracic vertebra shows a tendency to divide into three tubercles; one of these was directed craniad, the mammillary process (or metapophysis) one caudad, the accessory process (or anapophysis), while the third (transverse process proper) looks ventrad and bears the transverse costal facet. The cranial articular processes are prominent on the first two thoracic vertebras; back of these they are very small as far as the eleventh. In the eleventh, twelfth, and thirteenth the cranial articular processes are large, bearing the articular facets on their medial surfaces, while the mammillary processes appear as tubercles on the lateral surfaces of the articular processes. The caudal articular processes were prominent in the first thoracic, then smaller until the tenth was reached; in the tenth, eleventh, twelfth, and thirteenth they were large and their facets are borne laterally.
4.2.5. The Lumbar Vertebrae:

There were seven number of lumber ertebrae. The last thoracic vertebrae form the transition to the typical lumbar vertebrae. These were larger than the thoracic vertebrae. The centra are of the form of the centra of the thoracic vertebrae, and increase in length to the sixth, but the seventh was about the length of the first. They increase in breadth to the last. The cranial articular processes were prominent and directed craniodorsad; they have the facets on their medial surfaces, while their dorsolateral surfaces bear the mammillary processes as prominent tubercles. The caudal articular processes were likewise large; their facets look laterad. When the vertebrae were articulated they are received between the medially directed cranial processes. 
4.2.6. Sacral Vertebrae:
There were three sacral vertebras were united in the adult into a single bone, the OS sacrum, or sacrum but in kitten the three vertebrae were separate, while in an animal almost mature the first two are united and the third is still separate. The sacrum lies between the last lumbar and the first caudal vertebrae and articulates laterally with the two innominate bones. It was pyramidal, with the base of the pyramid directed craniad, and was perforated by a depressed longitudinal canal, the sacral canal, which was a continuation of the vertebral canal, and by four large foramina dorsally and four ventrally. It was described as having a cranial end or base and a caudal end or apex, a dorsal, a ventral, and two lateral surfaces.

4.2.7. Caudal Vertebrae:
The caudal vertebrae (21-23 in number) decrease gradually in size to the last one. Caudad they become longer and more slender and lose the character of vertebrae. They become finally reduced to mere centra, slender rods of bone knobbed or enlarged at their two ends. The last one is more pointed than the others and bears at its caudal end a small separate conical piece the rudiment of an additional vertebra.

4.3. Ribs
In my observation it was found that cat has thirteen pairs of ribs same as reported in cat (Reighard, 1935). One of the fifth pair may be taken as typical. It was a curved flattened rod of bone attached at its dorsal end to the vertebral column, and at its ventral end to a cartilage which serves to unite it to the sternum. Each rib presents a convex lateral and a concave medial surface, a cranial and a caudal border. The borders are broad dorsad and narrow ventrad, while the surfaces are narrow dorsad and broad ventrad. The rib was thus the appearance of having been twisted. The last four (false ribs) are not attached separately to the sternum. The costal cartilages of the tenth, eleventh, and twelfth are united to one another at their sternal ends. They may be united also to the ninth costal cartilage or to the sternum by a common cartilage of insertion, or they may be quite free from the sternum. The thirteenth costal cartilages are free (floating ribs).

4.3.1. Sternum
The sternum was consists of three portions, a cranial piece or manubrium , a caudal piece or xiphoid process, and a middle portion or body (corpus), which were divided into a number of segments. To the sternum were united the ventral ends of the first nine ribs. It was thus forms the median ventral boundary of the thorax. The body consists of six cylindrical pieces enlarged at their ends and movably united by synchondroses. They increased in breadth from the first, and decrease slightly in length and thickness. At the caudal end of each near its ventral border there was a pair of facets looking caudolaterad. They were for the costal cartilages.

4.3.2. The xiphoid process
It was a broad thin plate of cartilage at its caudal end; bony and cylindrical at its cranial end. It was attached by its base to the last segment of the body by a considerable cartilaginous interval, while the opposite end is free and directed caudoventrad.
Appendicular skeleton
Bone of fore limb
4.4. Scapula 
The scapula of cat was a flat triangular bone with one angle rounded. The scapula was consist of three borders, three angles and two surfaces which were found to be similar to those of horse (Getty, 1975), cattle (McLeod, 1958), sheep (Getty, 1975), and dog (Millers, 1964). The ventral angle of the scapula the glenoid angle was much heavier than the others and bears a concave, pear-shaped articular facet, the glenoid fossa, for articulation with the humerus. The border with which this angle was more nearly continuous may be called the glenoid border. Near the narrower cranial end of the glenoid fossa was a small curved projection of the bone, the coracoid process. The border upon which it lies is the coracoid border. The third border is turned toward the vertebral column and is the vertebral border. The medial or costal surface was smooth and nearly flat. The lateral surface was divided by the spine into two portions. The portion of the scapula craniad of the spine and the cranial surface of the spine bound the supraspinous fossa, while the surface caudad of the spine and the caudal portion of the spine bound the infraspinous fossa. The spine begins as a triangular elevated area in the middle of the vertebral margin and runs toward the glenoid angle. At the base of the acromion process the margin of the spine presents a flat triangular projection, the metacromion directed toward the glenoid borde. It was thicker than the spine, smooth and rounded on both its surfaces and both its borders, and its apex was connected by fibrous tissue to the clavicle. The coracoid border was presenting a slight rounded notch. The glenoid angle was the only one requiring special mention. Between the root of the coracoid process and the glenoid cavity it presents a tubercle, the supraglenoidal or bicipital tubercle. Supra glenoid tubercle in the present study was large and not close to the glenoid cavity which were in dissimilar with the Getty (1975) in cattle and similar with horse (Getty, 1975), dog (Evans and Chrisensen, 1979) and cat (Reighard, 1935). The glenoid angle is separated by a contracted neck from the rest of the bone. Between this angle and the inner margin of the acromion there is left a deep notch, the great scapular notch this was also reported in cat (Reighard, 1935). Total length of scapula with scapular cartilage was 8.20 ± 0.14cm. Total length of scapular cartilage was 1.34 ± 0.13 cm. Total length of scapula without scapular cartilage was 6.50 ± 0.23 cm. Width of scapula at medial surface from cranial angle to caudal angle was 4.24 ± 0.36cm. Diameter of scapula at distal end or colum of scapula was 12.51 ± 0.16 cm (Table 2 and Figure 7). But in case or goat Siddiqui et al., (2008) reported that the total length of scapula with scapular cartilage in adult Black Bengal goat was 13.94 ± 0.30 cm. The width of scapula at medial surface from cranial angle to caudal angle was 6.62±0.11 cm. The diameter at distal end was 3.88±0.31cm. This difference of the result was due to the species variation.
Table 2. Parameters of scapula of cat.
	Parameter
	Mean ± S.D

	Total length of scapula with scapular cartilage. cm
	8.18.20 ± 0.14 

	Total length of scapular cartilage. cm
	1.34 ± 0.13 

	Total length of scapula without scapular cartilage. cm
	6.50 ± 0.23 

	Width of scapula at medial surface from cranial angle to caudal angle. cm


	4.24 ± 0.36 

	Diameter of scapula at distal end or Colum of scapula. cm
	12.51 ± 0.16 
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Fig. 7. Scapula of cat, (lateral surface) showing (a), Fossa supraspinata(b) Fossa infraspinata, (c) Glenoid angle and fossa, metacromion(d0
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Fig. 8. Scapula of cat (Medial surface) showing (a), Fossa subscapularis,(b) Coracoid border, (c) Glenoid border. 

4.4.1. Clavicle

The clavicle in the cat is greatly reduced. It is a slender curved rod of bone imbedded in the muscles of the shoulder and connected by fibrous tissue to at- the apex of the acromion process. The lateral end is slightly enlarged.

4.4.2. Humerus                                                                                              
It is was nearly cylindrical bone with enlarged ends, and was so curved that its dorsal and ventral borders were hooked at the opposite ends so that it was the form of an Italic f(Fig 9). The proximal end of the bone bears on its dorsomedial portion a thickening, the head of the humerus, which bears a smooth ovoid articular facet by which the bone articulates with the glenoid cavity of the scapula. The head was not separated from the body by a distinct anatomical neck as in the human humerus. Along the lateral border of the proximal end of the shaft was a high rough ridge semicircular in side view, the great tuberosity. On its dorsal border there was a deep depression. On the medial margin of the proximal end closely associated with the head was a smaller elevation, the lesser tuberosity. Deltoid tuberosity of the cat was found less prominent. Between the greater and lesser tuberosities on the ventral surface was seen a broad groove, the sulcus intertubercularis or bicipital groove which passes distad onto the surface of the shaft.The shaft was nearly cylindrical at its middle, but its dorsoventral diameter was slightly greater than its mediolateral diameter. Its proximal end was flattened mediolaterad, while its distal end was flattened dorsoventrad. Total length of humerus was 9.57 ± 0.17cm. Diameter at proximal end (cranial to caudal border) was 1.03 ± 0.01cm. Diameter at distal end (lateral to medial border) was 0.94 ± 0.01cm. The diameter of the shaft at the middle was 0.93 ± 0.02 cm (Table 3.). But in case or goat Siddiqui et al., (2008) reported that the total length of humerus of adult Black Bengal goat was 12.06 ± 0.27cm. The breadth at proximal end (cranial to caudal border) was 1.66 ± 0.06cm. The breadth at distal (lateral to medial border at the level of nutrient foramen) was 1.46 ± 0.04 cm. The diameter of the shaft at the level of nutrient foramen was 4.24 ± 0.05 (Table 1). The result was much higher due to species variation.
Table 3. Parameters of humerus of cat
	parameter
	Mean ± S.D

	Total length of humerus. cm
	9.57 ± 0.17 

	Diameter at proximal end (cranial to caudal border). cm
	1.03 ± 0.01 

	Diameter at distal end (lateral to medial border) cm
	0.94 ± 0.01 

	The diameter of the shaft at the middle of the shaft. cm



	0.93 ± 0.02 

	Average diameter of humerus. cm
	1.05 ± 0.01 
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Fig. 9. Humerus of cat (medial view), head(a), neck(b), shaft of the body(c). 

4.4.3. Radius                                                                  
The radius was a curved bone slightly flattened dorsoventrally, with enlarged ends. It was described as consisting of a shaft and of a proximal and a distal end. Its proximal end was presents on the ventral surface a tuberosity, the bicipital tuberosity. Proximad of this the bone was contracted to form a neck which is surmounted by a head. The head was on its proximal surface a depressed oval facet by which it was articulates with the capitulum, and on its ulnar border a longnarrow facet, the articular circumference, for articulation with the radial notch of the ulna ; also a triangular facet which fits into the radial fossa of the humerus. The shaft was convex dorsad and concave ventrad. The distal end was somewhat pyramidal. From its medial or radial side a wedge-shaped process, the styloid process extends distad. The distal surface of the end together with the lateral surface of the styloid process was form a concave articular cavity which fits against the scapholunar bone. The dorsal surface of the distal end was marked by longitudinal grooves for tendons, and its lateral or ulnar surface bears a concave facet for articulation with the ulna. Total length of the radius was 8.48 ± 0.17 cm. Diameter of the shaft of the radius at distal end was 0.63 ± 0.01 cm. Diameter of the shaft of the radius at proximal end was 0.65 ± 0.01 cm. Diameter of the shaft of the radius at middle of the shaft was 0.63 ± 0.02 cm (Table 4.). But in case of goat Siddiqui et al., (2008) found that the total length of radius of adult Black Bengal goat was 11.12 ± 0.23 cm. The diameter of shaft of radius-ulna just below the interosseous space was 3.86 ± 0.12 cm. This variation was due to species variation.
Table 4. Parameters of radius of cat.
	parameter
	Mean ± S.D

	Total length of the radius. cm
	8.48 ± 0.17 

	Diameter of the shaft of the radius at distal end. cm
	0.63 ± 0.01 

	Diameter of the shaft of the radius at proximal end. cm
	0.65 ± 0.01 

	Diameter of the shaft of the radius at middle of the shaft. cm
	0.63 ± 0.02 
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Fig. 10. Radius and ulna (ventromedial view), Articular circumference(a), radius(b), ulna(c). 

4.4.4. The ulna
It was a long slender bone, flattened mediolaterad. It was enlarged at its proximal end and becomes gradually smaller toward the distal end. The proximal end was marked ventrally by a deep excavation, the semilunar notch, or great sigmoid cavity. By the saddle-shaped articular surface of the semilunar notch it articulates with the trochlea. This articular surface was divided into two parts by a transverse non-articular area. The distal boundary of the semilunar notch was a blunt process, the coronoid process which bears on its lateral surface a concave facet, the radial notch, for the head of the radius. The portion of the bone proximad of the semilunar notch was called the olecranon. The body of the ulna becomes triangular distad. The distal end was slightly larger than the shaft just proximad of it, and bears on its radioventral side a hemispherical head for articulation with the radius. Distad of the head the bone continues as the flattened styloid process which projects distad from its dorsolateral side and was smooth on the medial side of its apex, for articulation with the cuneiform bone of the wrist. Total length of the ulna was 9.62 ± 0.37 cm. Diameter of ulna at proximal end was 1.03 ± 0.02 cm. Diameter of ulna at distal end was 0.52 ± 0.02 cm. Diameter of the shaft of ulna was 0.63 ± 0.01 cm (Table 5.). But in case of goat the total length of ulna of adult Black Bengal goat was 14.20 ± 0.20 cm. The breadth of radius-ulna at distal end was 1.10 ± 0.06 cm (Siddiqui et al., 2008). This was due to the species variation.
Table 5. Parameter of ulna with (Mean ± S.D) 
	parameter
	Mean ± S.D

	Total length of the ulna. cm
	9.62 ± 0.37 

	Diameter of ulna at proximal end. cm
	1.03 ± 0.02

	Diameter of ulna at distal end. cm
	0.52 ± 0.02 

	Diameter of the shaft of ulna. cm
	0.63 ± 0.01 


4.4.5. Carpus
The carpus (wrist) was consists of seven bones arranged in two rows, three in the proximal row and four in the distal row. Beginning on the medial side of the hand (thumb or radial side), the first bone in the proximal row was the scapholunar (equal to the scaphoid or navicular and lunar of the human hand). It was articulates with the radius. The distal row was articulates with the metacarpals or bones of the palm of the hand.
4.4.6. Digits 

The first digit of the hand was called the pollex, the second the index, the third the medius, the fourth the annularis, the fifth the minimus. The first digit had two phalanges, each of the others three phalanges. 
4.4.7. Sesamoid Bones (Ossa sesamoidea)
The hand was contains eleven small bones that are developed in tendons. One of these was the radial sesamoid bone. The other ten was in pairs as small flattened curved bones on the ventral side of the joint between each metacarpal and the phalanx with which it was articulates.

Bones of the pelvic limb
4.5. Innominate Bones, Ossa innominata (Os coxae ):
The two innominate bones was articulate with the sacrum and extend caudoventrad and finally was turn mediad and unite in the middle line, forming the symphysis pubis. They thus form an arch, the pelvic arch, pelvic girdle. This was closed dorsad by the sacrum(Fig 11).
4.5.1. The ilium
Its was somewhat contracted at the middle and broader at its ends. One end enters into the acetabulum and forms about one-fifth the articular surface. This end was also the thickest part of the bone. The lateral surface of the ilium was concave. The medial surface was smooth over its acetabular half and roughs over its sacral half. The rough portion was marked at its junction with the smooth portion by the ear-shaped auricular impression by which the bone articulates directly with the sacrum. The caudal half of that part of the medial surface was craniad of the auricular impression, gives attachment to the ilio-sacral ligaments which was bind the ilium to the sacrum.
4.5.2. The ischium
It was the form of a triangular prism contracted at the middle. Its cranial end was forms nearly two-thirds of the acetabulum. Its caudal end bears dorsad a rough thickening, the tuberosity of the ischium. From the caudal half of the ventral border of the bone there was a sickle-shaped process, the ramus  of the ischium, curves medioventrad and then craniad and joins the ramus of the pubis. Its medial border was rough and enters into the symphysis, forming the caudal one-third. The lateral angle of the bone was rounded. Its dorsal angle was marked near the cranial end by the spine of the ischium. 

 4.5.3. The pubis  
It was a flat, curved bone, contracted at the middle and expanded at the ends. The dorsal end enters into the acetabulum. The ventral end was unites with the opposite bone at the symphysis pubis and was sends caudad a projection, the ramus of the pubis, which was unites with the ramus of the opposite bone to form about two-thirds of the entire symphysis.

4.5.4. The acetabulum
It was cup-shaped. The ventral one-sixth of its border was deficient and a broad groove extends from the deficiency to the bottom of the cup. Average distance between the midacetabulum and tuber coxae was 4.40 ± 0.16 cm. Average distance between the midacetabulum and ischial tuberosity was 2.38 ± 0.21 cm. Average sagittal length of the foramen obturatum was 1.22 ± 0.23 cm. Distance between the two tuber coxae of osscoxarum was 6.34 ± 0.22 cm. Distance between the two ischial tubersity of ossacoxarum was 3.3 ± 0.26 cm (Table 6.). But (Özkan, 2002) reported that in case of hedgehog the average distance between the midacetabulum and ischial tuberosity (tuber ischiadicum) was 1.38 cm. The average sagittal length and wide of the foramen obturatum were 1.14 cm and 0.66 cm, respectively. This value was less than ours due to the species variation.
Table 6. Parameter of os coxae of cat.
	parameter
	Mean ± S.D

	Average distance between the midacetabulum and tuber coxae. cm
	4.40 ± 0.16

	Average distance between the midacetabulum and ischial tuberosity. cm


	2.38 ± 0.21

	Average sagittal length of the foramen obturatum. cm


	1.22 ± 0.23

	Distance between the two tuber coxae of osscoxarum. cm
	6.34 ± 0.22

	Distance between the two ischial tubersity of ossacoxarum. cm
	3.3 ± 0.26
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    Fig. 11. Os coxae,  acetabulum(a), obturator foramen(b), ilium(c), pubis(d), ischium(e). 

4.6.1. Femur
It was found enlarged proximal and distal ends connected by a nearly cylindrical shaft(Fig 12). This was agreement of Reighard (1935) in cat. But in femur was found more massive and at the upper part of the lateral border, there is an extra prominence, known as third trochanter and also  the fovea capitis is deep and notched in horse (Getty, 1975). Other finding was the proximal end presents on its medial side a hemispherical head which fits into the acetabulum. It was supported by a neck which is contracted near the head and expanded dorsoventrally where it joined the remainder of the bone. The medial surface of the head presents near its ventral border a depression for the insertion of the round ligament of the femur. Ventrad the articular surface of the head extends as an acute projection onto the shaft, so that the whole articular surface appears somewhat pearshaped. On the lateral side of the proximal end opposite the head there was a projecting mass that was great trochanter, forming the end of the shaft. On the medial side of the great trochanter at its junction with the neck was a deep fossa, the trochanteric fossa or digital fossa. A slight but well-marked epicondyle was present. The shaft was nearly straight and cylindrical and a similar line along its lateral surface from the greater trochanter. The distal surface of the shaft and condyles was articular. This articular surface was larger on the lateral condyle. The part of the articular surface on the end of the shaft (patellar surface) was for the patella; that part of it on the condyles and separated by the notch is for the tibia. Total length of femur was 10.42 ± 0.19 cm. Diameter at proximal end was 0.82 ± 0.01 cm. Diameter at distal end was 0.89 ± 0.03 cm. Diameter at shaft was 0.96 ± 0.02 cm (Table 7.). But Özkan, (2002) reported that in case of hedgehog the mean average length was 5.58 cm in male and 5.22 cm in female. This was much lower than our value due to the species variation.
Table 7. Parameters of femur of cat. 
	Parameter
	Mean ± S.D

	Total length of femur. cm
	10.42 ± 0.19

	Diameter at proximal end. cm
	0.82 ± 0.01

	Diameter at distal end. cm
	0.89±0.03 

	Diameter of shaft. cm
	0.96 ± 0.02

	Average diameter femur. cm 
	0.89 ± 0.02
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Fig.12. Femur of cat, linea aspera(a), inter condyloid fossa (k), head(b), depression for round ligament(f). 

4.6.2. The patella
It was a small flat bone. In horse patella was not as triangular as cattle (Getty, 1975), and it was comparatively longer in dog (Evans and Chrisenses, 1979). In present study it was lies against the articular surface at the lower end of the shaft of the femur. It thus covers the knee-joint. The inner surface was smooth and convex from side to side, but concave in a proximodistal line. Its outer surface was rough and concave. It was a sesamoid bone. Three other sesamoid bones were found in the region of the knee.
4.6.3. Tibia

The tibia was the longer of the two bones of the leg between the knee and the ankle, and was the longest bone of the body. Its body was triangular shaft and enlarged proximal and distal ends. The proximal end was curved ventrad and projects into two prominences, the tuberosities, on either side. Each tuberosity bears on its proximal end an articular facet for the condyles of the femur; these were known respectively as the lateral and medial condyles of the tibia. The condyles were oval, convex dorsoventrad, and concave from side to side. The two condyles were separated at the middle of their contiguous margins by a bicuspid projection, the spine of the tibia. They were continuous dorsad, but separated ventrad by a deep notch between the tuberosities, the popliteal notch. On the distal side of the lateral condyle was an elongated tacet for the proximal end of the fibula. The shaft was triangular, smallest at about its middle and enlarged at both ends. It presents dorsal, medial, and lateral borders, and medial, lateral, and ventral surfaces. Total length was 10.37 ± 0.22 cm. Diameter at proximal end was 1.03 ± 0.02 cm. Diameter at distal end was 0.91 ± 0.01 cm. Diameter at shaft was 0.73 ± 0.02 cm (Table 8.). But Özkan, (2002) reported that in case of hedgehog the mean average length of the tibia was 6.72 cm in males and 6.31 cm in females. This was much lower than our value due to the species variation.
4.6.4. Fibula                                                                                                                                        
It was slender triangular bone with enlarged proximal and distal end in cat (Reighard, 1935). Similar observation was also found in the present sudy. The proximal end or head was flattened. It was carried a facet on its proximomedial surface for articulation with the tibia, and was longitudinally grooved on the outer surface. The shaft was very sharp medial border. The distal end is expanded to form the lateral malleolus. This bears a facet on the proximal portion of its medial surface near its dorsal margin, for the tibia, and distad of this there was a second facet for the astragalus. Total length was10.18 ± 0.13 cm (Table 8.). Fibula was highly rudimentary in cattle (Getty, 1975).
Table 8. Parameters of tibia and fibula.
	parameter
	Mean ± S.D

	Total length of tibia. cm
	10.37 ± 0.22

	Diameter of tibia at proximal end. cm
	1.03 ± 0.02

	Diameter of tibia at distal end. cm
	0.91 ± 0.01

	Diameter of tibia at shaft. cm
	0.73 ± 0.02

	Total length of fibula. cm
	10.18 ± 0.13


[image: image15.jpg]



Fig.13. Tibia and fibula of cat, tibia (b), fibula (a), projection of the dorsal surface of tibia(c). 

4.6.5. Digit  

There were three phalanges in each of the four digits, and these are almost identical with those described for the manus. In horse there was only one digit (Getty, 1975).
4.6.6. Sesamoid Bones (Ossa scsamoidea)
The sesamoid bones were found at the joints between the metatarsals and phalanges, and they were in all respects like those of the manus. In horse there were twelve bones (Getty, 1975).

CHAPTER V
CONCLUSION

In the present study in conclusion, highlighted the possibility of the estimation of the brain density of the cat through different neurocraniometrical parameters. Could also be a good experimental candidate for studies of intracranial pressure. Parameters for the foramen magnum index showed significant difference between both sexes at p < 0.05.

The presence of a suprahamat process was only found in cat scapula. Dorsal and ventral borders of the humerus were hooked at the opposite ends so formed of an Italic f. The present data suggest that, the anatomy of the bones of skeleton of cat was differed slightly, both structurally and morphometrically with other non- ruminants and varied widely with ruminant animals. 

CHAPTER VI
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CHAPTER VII
 APPENDIX
	Neurocraniometry
	C1
	C2
	C3
	C4
	C5
	C6
	C7
	C8
	C9
	C10

	Parameter
	
	
	
	
	
	
	
	
	
	

	Sex
	M
	M
	M
	M
	M
	F
	F
	F
	F
	F

	Neurocranial volume(NCV) ml
	27
	26
	28
	29
	27.5
	29
	28
	28.5
	29
	28

	Neurocranial length(NCL) cm
	6
	5
	7
	7.5
	6.5
	7
	6
	6.8
	7
	7.5

	Neurocranial height(NCH) cm
	3
	2.5
	3.6
	3.7
	3
	3.5
	3.6
	3.5
	3.2
	3.6

	Neurocranial index(NCI) %
	50
	50
	51.42
	49.33
	46.15
	50
	51.30
	50.50
	50
	49.33

	Whole skull height(WSH) cm
	4.6
	4.4
	4.5
	4.2
	4
	4.4
	4.2
	4.1
	4
	4.5

	Skull height without the mandible(SHWM) cm
	3.5
	3.3
	3.4
	3.2
	3.5
	3.6
	3.2
	3.4
	3.1
	3.5

	Whole skull length(WSL) cm
	8.2
	8.1
	8.3
	8.2
	8.5
	8.4
	8
	8.3
	8.2
	8.3

	Whole skull index(WSI) %
	56.09
	54.32
	54.21
	51.21
	47.05
	52.38
	51.23
	51.30
	51.50
	50.20

	Foramen magnum width(FMW) cm
	1.4
	1.3
	1.45
	1.47
	1.24
	1.38
	1.23
	1.34
	1.38
	1.36

	Foramen magnum height(FMH) cm
	1.2
	1.1
	1.24
	1.3
	1.13
	1.25
	1.14
	1.24
	1.35
	1.37

	Foramen magnum index(FMI) %
	85.71
	84.15
	85.51
	88.43
	91.12
	90.57
	92.68
	92.53
	97.80
	100.70


Scapula

	Parameter
	C1
	C2
	C3
	C4
	C5
	C6
	C7
	C8
	C9
	C10

	Total length of scapula with scapular cartilage. cm
	8.1
	8
	8.3
	8.2
	8.4
	8.3
	8
	8.2
	8.1
	8.4

	Total length of scapular cartilage. cm
	1.3
	1.2
	1.5
	1.2
	1.4
	1.6
	1.3
	1.2
	1.4
	1.3

	Total length of scapula without scapular cartilage. cm
	6.8
	6.7
	6.6
	6.2
	6.3
	6.8
	6.3
	6.2
	6.5
	6.6

	Width of scapula at medial surface from cranial angle to caudal angle. cm


	4.5
	4.3
	4.4
	4.2
	4.3
	4.6
	4.2
	4.1
	4.3
	4.5

	Diameter of scapula at distal end or Colum of scapula. cm
	12.8
	12.6
	12.5
	12.4
	12.3
	12.7
	12.5
	12.4
	12.3
	12.6


Humerus

	parameter
	C1
	C2
	C3
	C4
	C5
	C6
	C7
	C8
	C9
	C10

	Total length of humerus. cm
	9.8
	9.7
	9.5
	9.4
	9.6
	9.8
	9.4
	9.3
	9.5
	9.7

	Diameter at proximal end (cranial to caudal border). cm
	1.05
	1.04
	1.06
	1.03
	1.02
	1.06
	1.02
	1.02
	1.01
	1.03

	Diameter at distal end (lateral to medial border) cm
	0.96
	0.94
	0.93
	0.95
	0.90
	0.97
	0.94
	0.95
	0.94
	0.96

	The diameter of the shaft at the middle of the shaft. cm



	0.93
	0.90
	0.89
	0.94
	0.95
	0.96
	0.93
	0.92
	0.95
	0.98


Radius

	parameter
	C1
	C2
	C3
	C4
	C5
	C6
	C7
	C8
	C9
	C10

	Total length of the radius. cm
	8.8
	8.4
	8.5
	8.3
	8.4
	8.6
	8.5
	8.3
	8.3
	8.7

	Diameter of the shaft of the radius at distal end. cm
	0.64
	0.63
	0.63
	0.64
	0.65
	0.65
	0.64
	0.60
	0.63
	0.65

	Diameter of the shaft of the radius at proximal end. cm
	0.67
	0.66
	0.65
	0.66
	0.67
	0.68
	0.66
	0.64
	0.63
	0.67

	Diameter of the shaft of the radius at middle of the shaft. cm
	0.61
	0.59
	0.62
	0.65
	0.64
	0.66
	0.62
	0.64
	0.63
	0.66


The ulna

	parameter
	C1
	C2
	C3
	C4
	C5
	C6
	C7
	C8
	C9
	C10

	Total length of the ulna. cm
	10
	9.2
	9.4
	9.6
	9.4
	10.3
	9.4
	9.3
	9.5
	10.1

	Diameter of ulna at proximal end. cm
	1.06
	1.02
	1.03
	0.98
	1.04
	1.05
	1.05
	1.01
	1.03
	1.06

	Diameter of ulna at distal end. cm
	0.51
	0.49
	0.52
	0.54
	0.53
	0.56
	0.52
	0.51
	0.54
	0.55

	Diameter of the shaft of ulna. cm
	0.65
	0.61
	0.63
	0.64
	0.62
	0.65
	0.63
	0.62
	0.64
	0.65


Os coxae

	parameter
	C1
	C2
	C3
	C4
	C5
	C6
	C7
	C8
	C9
	C10

	Average distance between the midacetabulum and tuber coxae. cm
	4.5
	4.1
	4.3
	4.2
	4.5
	4.6
	4.5
	4.4
	4.3
	4.6

	Average distance between the midacetabulum and ischial tuberosity. cm


	2.8
	2.1
	2.4
	2.3
	2.5
	2.6
	2.3
	2.1
	2.3
	2.4

	Average sagittal length of the foramen obturatum. cm


	1.2
	1.1
	1.2
	1.2
	1.2
	1.2
	1.2
	1.1
	1.1
	1.2

	Distance between the two tuber coxae of osscoxarum. cm
	6.8
	6.1
	6.3
	6.2
	6.3
	6.5
	6.1
	6.3
	6.2
	6.6

	Distance between the two ischial tubersity of ossacoxarum. cm
	3.9
	3.0
	3.2
	3.4
	3.5
	3.6
	3.1
	3.3
	3.2
	3.51


Femur

	Parameter
	C1
	C2
	C3
	C4
	C5
	C6
	C7
	C8
	C9
	C10

	Total length of femur. cm
	10.8
	10.2
	10.4
	10.3
	10.4
	10.5
	10.3
	10.2
	10.4
	10.7

	Diameter at proximal end. cm
	0.81
	0.82
	0.81
	0.84
	0.83
	0.82
	0.84
	0.81
	0.81
	0.84

	Diameter at distal end. cm
	0.90
	0.90
	0.90
	0.80
	0.91
	0.91
	0.89
	0.91
	0.90
	0.92

	Diameter of shaft. cm
	0.98
	0.93
	0.98
	0.96
	0.95
	0.97
	0.94
	0.97
	0.99
	0.99


Tibia and fibula

	parameter
	C1
	C2
	C3
	C4
	C5
	C6
	C7
	C8
	C9
	C10

	Total length of tibia. cm
	10.8
	10.1
	10.3
	10.5
	10.4
	10.6
	10.2
	10.1
	10.3
	10.4

	Diameter of tibia at proximal end. cm
	1.05
	1
	1.01
	1.03
	1.06
	1.07
	1.01
	1.03
	1.02
	1.05


	Diameter of tibia at distal end. cm
	0.90
	0.91
	0.91
	0.92
	0.91
	0.92
	0.91
	0.92
	0.93
	0.94

	Diameter of tibia at shaft. cm
	0.79
	0.72
	0.72
	0.73
	0.74
	0.75
	0.71
	0.73
	0.72
	0.75

	Total length of fibula. cm
	10.10
	9.90
	10.20
	10.30
	10.16
	10.20
	10.10
	10.30
	10.20
	10.40
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