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INTRODUCTION 

India Is b~ased with rich biodiversity with variety of feaclnatlng 

wild flora and fauna. In recent years, India Is now playing a pivotal role In the 

trade of wild animals and has become an exporter and a conduit for wildlife 

(Mennen and Kumar, 1999). Apart from various threats like loss of habitat, 

poiaooing, accident and diseases facing wildlife today for its survival , 

poaching re.nains an Important cause fOf" wttdllfe extinction. Poaching of wild 

animals, partJcularly o f leopard for bone t rade has been Increased reoentJy 

and It Ia six to seven times greater than tigers (Mennen and Kumar, 1 999) . In 

C hinese Myth, bones are used to manufacture traditional rnedidne for treating 

v ario us a lhnent:s. These are sotd then c landestinely in Far Eaat and many 

western countries . Due to this unfortunately , these species are at the verge of 

extinction and need Immediate action against poachera. 

The forensic sclenee forTna a vital part of the e ntire justice and 

regulato.y ayatem. Forensic scientists may be invotved In all aspects of a 

poachin g case, and the res ults of their work 11'\&Y serve either for the defense 

o r for the prosecution. The forensic s cientist 's skill Is to use all the Information 

available to determine fact.. 

The t rade of bones In wild animals Is multi- million dollar 

business. Frotn small-time poaching and hunting, It has grown Into a 
well-organized, sophisticated networX of racketeers acroas the world, which 

carry out a trade ring worth an estimated 6 to 20 billion dollars wortdwlde 

(MoEF, 199"')- Sadly, as the lntemetional wildlife trade has Increased end 

becomes more lucrative, wlldlif&-f'lch nations have been unable to oontrot the 

trade of thei r wildlife. Although there are laws In place thet prohi~t the killing 

and trade of wild fauna. 

Biological materials including bones of witd animals are sent 

routinely to S tate Diagnostic or Forensic Laboratories fOC" ldentlftcation of 

species. cue to lack of systetnic s tudies Veterinarians by and large remain 

Jgnorant o f such Information. Moreover, lack of scientific documentation of 

cheracter1atics , consequently 1he custodian of wild animals faces 



embarrassment at many times, when some forensic cases require scientific 

record for legal proceedings against the poacher and trader. 

Informa t ion on bones of leopard Is meager. Therefore, the 

identification of seized bones becOfTIOs extremely difficult. Due to lack of 

lnforrnat!on, identification of bones of leoperd hes been bottleneck In 

convictions of poeehers. Thus, there is a n urgent need for the systematic and 

scientific s tudies on gross morphologies! bone structure of leopard. H e nce, it 

Is proposed to document the morphology of bones with the following objective 

OB.JECTrYES 

To s tudy gross morphological features end osteological 

parameters of the appendicular skeleton of the leopard. 
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REVIEW OF LITERATURE 

Raghvan (1964) ob-rved a.capuh• of dog end found that the 

8 Pine presents above the acrorninon process, a small curved plate like 

metacromlon process. 

Sisson (1977) stated that scapula of dog was relatively long and 

narrow. The spine divided the l ateral s urf"aoe into two naar1y equal fossae. 

T he cranial border was thin , strongly convex and sinuous. The caudal border 

was atralght and thick. The donl:el border was convex and thick and bore a 

band of acapuler cartilage. 

Evan s and Christensen ( 1 979) studied on scapula of dog and 

noticed that suprasphlOue foaaa waa widest In the middle because the cranial 

border of scapula extent In an arc from the acapular notc h to the cranial angle. 

The whole thin plate of the bone which fonned the a upraepinoua foa- waa 

sinuous possessing of Ita gr-test undulotlon a lateref pro}ectlon invdving the 

m idd le of the fossa. They also observed that the caudal bcYder was thickest of 

the three borders and bcYe, just dorsal to the ventral angle, the l nfi"aglenold 

tubercle observed. The c,.nlal border was thin exoept at Its extremities . 

Distally, It formed a concavity known as scapular notch. The c ranial angle 

Imperceptibly united the t~n . convex cranial border t o the rough, convex, thick 

vertebral border. The caudal bO«ter was obtuse as it united the adjacent thick 

caudal border with the thinner, rougher, gently convex vertebral border. 

Pandlt (1994) made observation on scapula of tigef' and 

reported that i t was w ide, flat bone, alrnoet oval In shape, wtth stra~ht caudal 

border, which was thtcker than the semicircular cranial border. The vertebral 

border was thicker than cranial and caudal border. The free border of the 

spine was slightly convex. rough and thick In Ita upper 213 part a nd became 

sharp at the lower end where the b order showed a projection pointing 

backwards. The costal surface was wide nearly ftat area and presented rough 

surface at the cranial angle. From the cranial angle, a slightly convex vertical 

line extended to the lower ang le . On the cranial aide of the line two more 

Vertical lines were visible making cranial part of the coetal surface of the 

scapula uneven. 
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horse (45.86), nUgal (45.45) and goat ( .. 3 .62). The r-aUo of supr-aspinous toss& 

and lnfi'aaplnous fossa for carnivorous animals ranged between 1 : 1 or 1 :2 and 

for her~vorous •nimals, the range was 1 :2 .5 to 1 :3 . 

Teluja et sl. (2001) made osteometry of scapula In tiger and 

reoof'ded mean maximum width o f supraspinous and Infraspinous. The 

scapular s p ine was thick and rough dot'Sally, thin v entrally and bent caudally. 

The dlatanee between acron"'lon and lateral aspect o f the rim of the glenoid 

cavitY was 3 .20 em. The crunlal border was thin and atf'ongly conve:x and 

measured 25.150 em. The caudal border waa shorter {20 .12cm). straight and 

thick. The dorsal border measured 14.75 ern In length and was thick and 

convex and bore a band of cartilage. 

Ou Tolt et al. {2002) compared proximal acapulohume ral 

osteological features In leopard (Panlh6ra perclus) and cheetah (Aclnon.Ylf 

)ut:udus) and found that the length of scapular s~ne and width of the glenoid 

notch were greater In leopard than ch-tah. Humer-al head dreurnferen ce 

was also greater In leopard than ch-tah. 

Pandey et al. (2004) made study on the scapula of five A slaUc 

Lion (PanthfH'S leo psrsJca) and observed that scapular spine divides lateral 
s urface Into two equal fossae. The ma:xlmum height of the spine was 

2 .69::t::0.11 em . The maximum width of •upraap4nous fossa was S .38:t::0.06 ctn, 

while that of lnfra•plnous fossa was 6.45:t:0. 18 an. The ratio between 

supraspinous and Infraspinous fossa was 1 : 1 . The medial surface was rough 

for muscular attachments. The s ubscapular fossa was very deep near g)enoid 

cavity. 

Humerus: 

Sisson (1977) stated that humerus of dog was relaUvely very 

long.was rather s lender and hod a Ught sp4ral twisL The radial and olecranon 

fossae often cornrnunicated through a large auprat«x:hlear foramen. 

Pandlt (1994) reported that humerus of Uger was an 

Irregularly cylindrical bone sllghtJy curved to hook !Ike a letter 'S' . 

The shaft of the humerus was more or less triangular in pro)(lrnal 1/3 and 

cylindrical In distal 213. In the distal eldremlty, the lateral area 

was small and articulated with radius white a wider medial area 

called as trochlea which was far from the ulna. There was no 

- 5 
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communication b etween cora n o id a nd o lecr anon fossa i n tiger but the medial 

epicondyta r space k n own as interossoeous space may be performing s imilar 
function . 

Ray et a l . ( 1 997) made s tudies o n humerus o f a dult leopard and 

rep orted that it was 2 1 e m long. s lender a nd tess spira lly twisted . The 

c irc umferen ce o f shaft was 6 e m . The s upracondylar foramen instead of 

o lecran o n fossa was present above th e m e d ia l e picondyle . The caud al 

s urface was flat a nd smooth. A t the distal extremity. It was r o u gh and wider. 

The characteri s tic absen ce of s u pracondyloid fossa In the shaft but presen ce 

o f tuberositae s upracondy larls la te r a li s as a a lmost Identica l wi t h observa tion 
in carnivo res a n d pigs. 

R adius and u l n a: 

R adiu s: 

Sisson ( 1 977) reported that radius o f dog was flattened 

c ra n iocauda Uy a nd i t increased in size dist a lly . The dorsal s urface was convex 

in b o th directions and was marked In Its distal h a l f by a groove. The caud al 

s urface presen ted a nutrie nt foramen in i t s proximal third . The head was 

re latively small and was s uppo rted by distinct n eck . The ra d ial tuberosity was 

sma tl , p roxima l to it was a la rge lateral emin ence and distal to th is a rough 

e minence. The di s tal extremity was muc h w ider. forming trochlea. It had 

extensive concave a rticular surface for ca rpal bones. Its medial border 

projected d istal ly, forming the styloid process. Latera lly. there was a facet for 

u lna. 

Pandit ( 1 994) reported that i n tiger. radius was s maller than 

ulna. T h e proxima l extremity was smaller o f t h e two and was s lightly 

compressed crania-caudally. At the proximal side or this e xtremity , t here was 

a concave artic ul a r fossa which was ova l In s h ape except for a n otch on 

c rania l side. On the late ra l e dge of the bone w as a very prominent vertically 

e longa te d rough protuberance. The s h aft was half c ylindrical . conv ex medio­

cranio-tateral surface a nd a flat cauda l s urface. The crania l surface w as 

slightly convex vertically and o n med ial side o f this convex edge the surtace 

was s l ightl y depressed and ro ugh. with some rough li n es a t the jun c tion of 

m iddle a nd lower 1/3. The latera l border between th e cran iol and cnudot 
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•urfeces was rough In it• upper 213 part. The distal extremity was much 

larger than the proximal and was compressed cranlo-caudally. On the medial 

side of the distal extremity, there was a pointed projection narnad as styloid 

Ulna: 

Pandit (1994) reported that ulna of tiger was longer than the 

redius. The proximal extremity was formed by a s trong rnedlao-laterally 

flattened olecranon. The proximal end of olecrenon was very thick caudally 

and had a vertlceJ groove on Its cn~~nial eapects separating two tuberosHies, 

medial being thicker and shorter than latereL The trochlear notch articulated 

with the trochlear articular area of humerus and the articular circumference of 

the radius. The shaft was flattened mediao-laterllay in the proximal third, 

triangular in the middle and somewhat cylindrical In lower third. The lateral 

surface presented a smooth area In the proximal part, representing the 

Interosseous space between the radius and ulna. The caudal surface was 

narrow and triangular. The distal extremity consiated of a protuberance on the 

cranial side which had Wide a semicircular articular facet for articulation with 

t h e corresponding facet on the distal extremity of radius . The styloid process 

was measured 2 em long but extends only to the level of styloid procese of 

radius and not further asln other carnivorous animals. 

ca,-pala: 

Sisson (1977) recorded 7 carpals In the dog. Numerical 

reduction In the proximal row was apparently due to the fusion of the radial 

and intermediate, conslltutlng a larga bone, the lntermedioradlal, which 

articulated with almost all of the distal surface of the radius and with the bones 

of the d istal row. Ulnar carpal articulated with the radius and ulna bone 

proximally, and accessory carpal palrnarly articulated distally fourth carpal and 

was prolonged distally, to articulated with fifth metacarpal a lso. Accessory 

carpal was cyUndrical , and was constricted in Ita middle. The doraal exb"emity 

a rtlculatad with the ulna bone and ulnar carpal. He a lso reported that first 

carpal was smallest In the distal row and articulated with the aecond carpal 

laterally, and the first 01etacarpal distally. Second carpal was wedge shaped, 

the base being palmar_ Its pro.ximal s urface was conve.x whereas distal 



surfoce was concave and rested on the second metacarpal. The distal surface 

of third earpul waa concave and articulated chiefly wi t h the third metacarpal. 

Fourth c.rpel was the largest of the distal row, it articulated with the fourth 

and fifth metacarpals. 

Evans and Christensen (1979) studied carpal bones of the dog 

reported that radial carpal represented the fusion of the primitive radial, 

central and intennediate carpal bones. The pro:ldmal aurface of the radial 

carpal bone was extensively articular fCK the diatal end of the radius. The 

distal surface of the radial carp• bone articulated with all four dtaml carpal 

bones. Laterally, It articulated axtenalv-'y with ulnar carpal. Ita trana...-erae 

dimension was about twice i t a width. u lnar carpal articulated proximally with 

the ulna and radius, distally with the fourth carpal and the fifth metacarpal, 

medially with the radi-' carpal , and palmar aide with the ~saory carpal. tt 
possessed a small lateral process and a larger palmar one for articulation with 

the accessory carpal and metacarpal V . This lateral proce- was separated 

from the main part of the bone on the lateral aide by a concave articular area 

for articulation with t he styloid process of the u lna. Accessory carpal was 

truncated rod shaped bone located on the palmar aide ot the uln ar carpal . 

Both ends of tt'rls bone -re enlarged. The basal enlargement bore saddle 

s haped articular surface for t he ulnar carpal which was separated by a n acute 

angle from a smaller, tran sver sely conc.ve .. proximally directed articular area 

for the styloid process of the ulna. He a l so ob-rved that first carpal was a 

smallest carpal bone. It was somewhat flattened •• i t articulated with 

pa lrnarornedlal e u rfacee of the -aecond carpal and the baae of metacarpal II . It 

articulated proximally with the radial carpel and distally with metacarpal I. 

Second carpal wsa email, wedge shaped, proxlfnOdistally compressed bone 

which articulated p roximally with the r adial carpal, distally with metacarpal II , 

laterally with the third carpal and medially with the first carpal. Third car pel 

was larger than the second carpal. tt had larger palmar projection, which 

articulated wtth the three metacarpal bones. It artJcula ted medially with the 

second carpal , later ally with the fou rth , p roximally with radial carpal and 

distally with metacarpal 11 1. Fourth carpal -• the larg-t bono In the distal 

It pntsented a caudal enlargement and -• wectg-shaped In both 
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cranial and proximal viewa. It articulated distally with metacarpal IV and v, 
medially with the third carpal. and proxirnomedially wUh the radial carpal . 

PandU (1994) studied carpals In tiger. He gave aaparate 

description of radial carpal bone. It was the largest an"IOng all the carpals. It 

waa an ir-regulariy shaped, short bone compressed dorso-ventrally. The 

proximal face showed articular area for lower extremity of the r ediua. On the 

later .. face of the radial carpal, there was articular ar- for the ulnar carpal . 

The distal surface of the radial carpal had extensive ertJcular area for 

articulations with carpal bones of the distal raiN. Ulnar carpal was very 

Irregular shaped bone with artJculer feoeta on the proximal. medial and distal 

surfaces. Proxhnally, It articulated with the radius and ulna end distally with 

the IV carpal and the V metacarpal bones. Medial surface had an elongated 

articula r area for the radial carpal bone. Accessory carpal was a small rod 

which carried one larger articular area for the ulnar carpal . on the cranial aide 

and a small concave articular area In the lateral face for articulation wtth the 

styloid process of the ulna. Firat carpal was the medial moat bone of the distal 

row of the carpus and was the smallest bone. It was a flat, thJck platelike bone 

with articular facets o n the proximal. distal and lateral ak1es for articulations 

with radial carpal , nrat rnetacarpel and the second carpal bones respectively. 

Second was slightly compressed cranlo--eaudally. This wedge shaped bone 

had artict.Jiar facets on proximal. distal, medial and lateral surfaces f« 

articulation with radial carpal. second metacarpal. nrst carpal and third carpal 

respectively. N on- articular surfaces were rough due to attachments of 

ligaments. Th ird carpal was intermediate In alze between second and fourth 

carpal . It hod artiCt.Jiar facet. on the proxhnal surface for radial carpal. distally 

with third metacarpal. medially with second carpal and laterally with fourth 

carpal . He a lso reported that fourth carpel was a large bone somewhat 

compressed dorso-ventrally. Ita proximal surface had a rticular area for radial 

carpal, d i stal surface articulated with fourth and fifth metacarpal bones and 

the medial articular surface artict.Jiatod with the third carpal bone. 

Metacarpals: 

Sisson (1977) a l ated that the firat metacarpal bone of dog waa 

much smaller and wa.a round In shape. Second metacarpal was three sided 
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whe reas third and fourth metacarpals were four sided. Fifth metacarpal was 

widest at the proximal a nd and was s lightly shorter than the second. 

Evans and Christensen (1979) made study on metacarpals . He 

reported that first metacarpal was shortest and moat s lender of the 

metacarpal bones In the dog. It articulated proximally with the second 

metacarpal. Dis tally. the trochlea articulated with proximal phalanx. Second 

m e tacarpal was sho rter than Ill and IV and w ere fou,. aided. TNrd metacarpal 

was .nore trlangl.dar proximally. Distally , It diverged, forming the 

lnterrnetacarpal apa.ce. The troc hlea possessed roller Uke cranial parte which 

were undivided and we"' separated from the bodjea dorsally by sesamoid 

fossae . Sesamoid impressions were present between trochlea and body of 

metacarpal bone. The caudal part of the head possessed promine nt. s harp 

edged sagittal crest. Fourth metacarpal was similar to that of Ill metacarpal. 

Fifl:l'1 metaca,.pal was four aided particularly at p..-oxlmal e nd. 

Pandit ( 1994) ,.eport&d t1'1at It was t1'1e most medial and shortest 

afTIOng metacarpal bones In the tiger. Both the extremities were very thic k and 

shaft was short and three aided. The three borders separated the three 

s urfaces of t1'1e shaft. The thr- surfaces, medial , lateral and palmar were 

somewhat flat and rough for ligamentous attachments. SEteond metacarpal 

was rod s haped long bone whic h was third In s ize efter the tl'11rd and fourth 

metac arpals. 

Phal•ngee : 

Sisson (1977) reported that t1'1e proximal phalanx of dog had 

f o ur aid e d shafts, which were slig1'1tly curved dorsally. The proximal end of 

each had a concave surface for artic ulation with tl'1e metacarpal bone and 

d e eply notc hed palmarly. The distal e nd or head had a trochlea for articulation 

wi th the middle phalanx. The m iddle phalanx was about two-thi rds of the 

length of the proximal pl'1alanx. The proximal articular surface was cons isted 

of two cavities separated by a sagittal ridge. The distal extremity was wider 

and flatter than the proximal pl'1alanx. The re was no middle phalanx i n first 

digit. Distal phalanx was In the general fo rm of the claws of dog. The base 

had a n articular surface adapted to the middle phalanx and was e n c ircle d by a 

COllar of bone. The sola,. surface bore a flexor tubercle and on each sid e of 

10 



this was a foramen . The ungu al process was a curved I"Od with a blunt~ 

pointed free e nd. It was ro u g h and porous. 

Evan s and C hrts tensen (1979) s tudied that II to V phalanges of 

dog were in the form of n"l&dlum length rod w ith enlat"ged extrem ities. 

Proximally a t ita base It b ore a transver&ely concave a rticular surface with a 

s h a rp cranial border and a bituberculate palmar border. The pa lmar tubercles 

were separated by a deep groove which received the sagittal crest of the 

head o f metacarpal. Middle phalanx was ro d shaped about one-third shorter 

than the corresponding proximal pha lanx. Each middle phalanx dfvfded Into 

proximal base, a middle body a nd a d istal h ead. the proximal part of the dis tal 

phalanx of dog was e nlarged. It had a shallow. sagitally concave art!cular a rea 

for contact with middte phalanx. The distal part of the distal phalanx was a 

laterally compressed cone which was shielded by the homy claw . 

Oa Co•••: 

Pandit (1994) described that pelvic glrdfe of tiger. It w as fanned 

by 3 fused fla t bones on each side of the body. In a c ub, a ll compone nts of the 

pelvis were found separate . The bones. wh;ch formed pelvic girdle . were 

Ilium, ischium and pubis . In a cub, a small separated piece was seen between 

these three bones. r esembling the acetabular bone of a pup. In male grown 

tiger, It was very narrow with small pelvic cavity. Ilium was thic k , flat plate of 

bone in the s h a p e o f an ek>ngated rectangle. It had the thicker caudal body 

with wh ich was fused with ischium and the pubis a nd the relatively thinner 

wing. The l ateral surface of the w ing of ilium w as mostly concave except for 

the thick dorsal border. T he concave surface was mostly smooth except a 

faint rough l ine runn ing p arallel to the ventra l borde r but closer to the dorsal 

border. The medial s urface of the wing of Ilium waa conv ex don~~o-ventrally 

with a distinct rough line running at the upper third of this s urface from cranial 

border to the auricular s urface. The re maining p art of this s urface was rough . 

Bhamburkar s t a l . (1997) studied the comparative morphometry 

of the os-coxae of some domest ic a nd w Ud animals for exploring the seJC 

dimorphis m In the bones. 



Patil e t el. (2000) made morphornetricat observations on study 

of pelvis In some animals including leopard and calculated Pelvic index and 

Obturator index of buffalo (66.66. 69.78). ox (67.61, 70.34), horse {108.90, 

6 1 .57), panther (70.76, 63.48), sambar (72.99, 48.77) and e lephant (60.82 , 

56.73) respectively. The lowest pelvic Index was In elephant whereas highest 

in horses. The lowest p elvic Index Indicated the higher conjugated diameter of 

pelvis white higher pelvic Index Indicated greater transverse 

diameter of pelvis. The values of greater lschatic notch Index and lea&et" 

lachatic notch Index were Buffalo(45.12, 63.02), Ox(60.33,75.89), 

Goat(33.19,39. 12), Horae(50.25,51.86), PJg(32.42,31.42), Dog (27.61.41 .42). 

Leopard(17 .58,21 .06), Sambar(46.30,53.49) and EJephant(36.80,54.39) 

respectively. The greater and lessel'" ischatic notch index values were higher 

In ox and buffalo, which were Indicativa of more depth of n o tches while it was 

reduced i n dog, goat. pig and leopard. The Index values petvis of different 

animals can be used for Identification of spedea. 

Bhayanl et e l. (2001) made blornetricel observations like wejght 

of the bone. length and w idth of various segments a nd the distance between 

them, ratio of ktngth and width of vario u s seg01ents, confugate and transverse 

diameter. obturator lnde)(. 

Pat•ll•: 

Sisson (1977) stated that patella of dog was long and na.rrow. 

Th e free surface was convex in both directions. The articular surface was 

conve)( from side to side and slightty concave proximodlstally. 

Pandlt (1994) reported that patella of tiger was more or less oval 

with pl'"oxlmal part slightly wider than distal part. The cranial s urface was 

convex and rough, while the cauda l surface was articular and almost flat but 

slightly curved In dorso - ventral direction. He also stated that proximal 

extremity was twice large as compared to distal extremity. 

Femur: 

Evans and Christensen (1979) reported that femur was heaviest 

bone in the skeleton of dog. Proximally, It presented a smooth, nearly 

hemispherical head. supported by a neck on Its proxlmolateral side and thr-ee 
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trochanters . The fovea capitis was small rather lndislinct, circular pit on the 

medial aspect of head. The trochanter major was the largest tuber of the 

proximal extremity of the b one. Between femor• neck and greater trochanter, 

caudal to the ridge of bone connecting the two was deep trochanteric fossa. 

The lesser trochanter was e distinct, pyramid-shaped eminence which 

projected from the caudornedlal surface of the pro)(imal extremity near It s 

j unctio n with the shaft. The shaft was nearly cylindrical and was s traight 

p roximally and cranially arched distally. Its c ranial, lateral a nd medial s urfaces 

were not demarcated from each other, but caudal s urface was ftatter lhan the 

others . Olstally, it was quadrangular and protrudes caudally. II contained three 

areas viz. medial condy le, lateral condyle and a n articular groove on the 

cranial surface. The lateral one was convex In both the sagittal and the 

transverse plane. The medial condyle w aa smaller a nd less conve" in both 

transverse and sagittal plane. 

Pandlt (1994) stated that femur was the longest bone in the 

body of tiger . The head In the proximal extremity was smooth , dome shaped, 

4 e rn In diameter and articulated with lunate surface of acetabulum of the 

pelvis. Somewhat caudal t o the highest point of the head, there was a &n18ll 

rounded d-p n on-articular depression called fovea capitis. The head was 

separ ated from the rest of extremity by e constricted e~ngeted neck, wh ich 

was more prominent medially. T he area b&low the greater b"ochanter was 

rough and showed a few blunt projections, the caudel most of which was the 

cervical tubercte . BeJow this tubercle, about 4 c:rn away was a n other rough 

emin ence known as third t r ochant eJ". The body was cylindrical end very 

s traight. N o nutrient foramen wee found on cra n ial aspect of the shaft of femur 

as In other carnivore animals. The distal extremity was larger than the 

proximal extremity. Both the condyles were a lmost in equ al In Size but the 

articular surface o n the medial oondyte extended caudally a few mm then the 

lateral condyle. 

Ray e/ sl. (1996) made studies on the b iometry of the femur of 

leopard and reported that It was 23 ern long. The crenial surface wee SITK)()th 

and convex whereas the caudal surface waa flat and siTK)()th . The trochanter 

minor was situated 2 em away from head as blunt tuberosity. The ebsenoe of 
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supraoondyloid fossa on the shaft but presence of tuberosltae aupraoondytarts 

lateralla as almost ~entlcal observation In carnivores and pigs. The 

c i rcumference of proximal and distal extremity was 11 .2 ern and 14 em 

respectively. The circumference of the head was 7 em and of trochanter major 

was 1 . !5 ern. The width of the trochantor major was 1 .0 em and it extended 0 .6 

em above the head. The depth o f trochanteric fossa was 1 .7 ern whereas 

depth of lntercondyiold fossa was 1 . 3 em. 

Tibia and fibula: 

Tibia 

Sisson (1977) reported that Hbia of dog was about same length as 

the femur. The body forrTMIId a doub4e curve; the proximal part was convex 

medially while the distal part Jaterally. The proximal part was prJamaUc. but waa 

compressed Jaterally and -• tong cranlocaudalty. The remalnder was alrnoat 

regularly cylindrical. The d lst.l and was quadrangular and relatfvely small. The 

articular grooves and ridge were almost sagittal. There was facet for articulation 

with the fibula . 

Pandtt (1994) observed that Ubla of tiger was larger than that of the 

flbula . The proximal extremity was twk:a as large as dJatal extremity. h had a wtde 

proximal face which s howed two dlaUct articular condy1es. The medial a nd lartaral 

condyles ware separated by non-articular rough araa wtth many vascular 

torernena . The popllteel notch was p resent be"-•n the two condyles caudaNy. 

Tibial tuberosity was n earty 3 to 4 em cranial to thla large lateral eminence and 

was much less In height. Shaft of the tibia was dfatlnctly triangular In the upper 

213 and more or lesa cyUndrice l In the lower thlf"d. The distal extremity of the tibia 

was much smaiMtr than the proximal extremity and -s n-rty quadrilateral. The 

medial surface of the extremity was longer and prof&etad much more dlatalfy than 

the tateral side. This proximal bone projection -s called as medial malleolu8. A 

small artk:ular facet was preaenl on the r im on the latera l aide for articulation with 

distal extremity of the flbula. The distal facet of the distal extremity of tibia 

presented a grooved, sagitta l medial articular area for articulation with tibial tarsal 

below. 

Fibula 

Sisson (1977) reported that flbula o f dog was alend~r and 

somewhat twisted and waa enlarged at e4ther end. The proximal pert of the 
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body was separated from lhe tibia by a considerable lnl eroaaoua apace. bul 

lhe distal part waa flattened and closely applied to the tibia. The proximal 

extremity was flattened and a rticula ted with the lateral condyle of the tibia. 

The diatalend was aotnewhat thicker and fonned the lateral me.Ueotua . 

Pandit (1994) made study on ftbula of tiger whk:h was slightly 

shorter than tho tibia . Cranial and paudal eminences ._re aeparated by 

vertical sulcus. 

Taraa la: 

Sisson (1977) made study on the tlbl., tarael of dog and s tated 

that It consisted of a body, neck and head, like the bona In man. The body 

presented a Pf'OXIrnal trocholea for articulation with the tibia and fibula . The 

planter surface had three faeeta for articulation with the calcaneus. The head 

was directed a lfttle rnedl_. and articulated with the eentnll taraal bone. Fibular 

tareaJ had a long doraal COI'"aeoid Pf'"OO&- or beak but the sustentaculum waa 

.,ort. The calcaneal tuber preaented a sagittal groove. Central tare.al had a 

concave proximal surface adapted to the head of tha talus. It& dlatal aiMflllee 

articulated with the first. second and thi rd taraal. It bore two plant« tubercle. 

flrat tarsal of the dog waa flattened and lrregutarty quadrangular. I ts proximal 

s urface articulated with the cent ral tarsal and distal with flrat matataraal . 

Second taraal was smallest and wedge shaped bone. It articulated distally 

wtth the second metatarsal bona. Third tarsal was a lso wedge shaped, the 

base being dorsal, It articulated with the third n'Mitataraal distally. Fourth ta,.. .. 

was remariuibly h igh and resembled a quadrangular priam. It proximal surface 

articulated with the eale.-neua, It's d istal with the fourth and fifth metataraat 

and Ita medial with the central and third tar.el bon-. 

Evans and Chrlatenaen (1979) observed that tibial t araal wes 

second largest o f the tarsal bona i n the dog. The moat prominent feature of 

the body was the proxhnal trochlea. the s urface wtllch articulated W'lth the 

sagittal grooves and the Intermediate rtdge of the dletal ridge of the dlatal 

articular surface of the tibia . Central tarsal was located between the proximal 

and distal rowa. It articulated wfth a ll other tarsals. second tarsal was arnalleat 

teraal bona. It waa wedge ahaped bone articulated with central taraal 
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proximally, third tars~ laterally, the ftrtlt taraal medially and second 

rnetataraala distally. 

Pandlt (1994) studied tarsal• of tiger and reported that tibial 

taraal was a short bone. Body presented a broad proximal part wUh extensive 

articular trochlea on proximal and cauda.! surface. On the aid- or the body 

there were facets for articulation with rnec:Ual and lateral malleoU of tibia and 

fibula. The head of the tibial tarsal was distal extension of the bone aeperated 

by e constricted neck s howing many perfoartlona. The diatal head had a large 

tranaverse4y elongated articular area which waa concave In both direction. 

This articulated with proximal end of central tarsal bone below. Fibular tarsal 

was the largest of the tarsal bones and cen be eaelly recogni.:l:ed easily from 

the long tuber ce.lcanei which waa the Pf"Oldrnal part of bone projecting 

upwards and backwarda . The medial aide of the tuber was longer than the 

lateral &(de. On the medial aide of the fibular tere• In the lo-r third a bony 

conical projection was present known as s u stentaculum tali . On the cranial 

aide of this proj<ection , there waa an oblong articular facet for articulation with 

tibial tar sal. On the d istal s urface of this bone, there- was large quarter circle 

shaped facet for articulation with the central tarsal bone. first tarsal was a 

s mall narrow bone on the medial side of the diat.l row of tarsus. Ita proximal 

and distal s urface articulated with the central and flrat or second rnetataraal. 

Laterally, it articulated with the second tarsal. Second t.rsal waa allghtly 

smaller than the ftrat one and was fixed as a wedge between the first and 

second taraale. Third tarsal was better developed somewhat elongated bone 

fitted between the second tarsal and fourth taraal and wtth the central above 

and the third metatarsal below. Fourth tarsal wea the largest of bones of the 

dlatal row of tarsale. It waa longer than the oen.,...l tar-1 and articu lated above 

with the fibuilar tarsal and dlatally the fourth taraat articulated wUh the heada 

of the fourth 8 nc::1 fifth metatarsal bones. A very characterlatlc feature of thla 

bone was a deep cranio-caudal groove on the proximal end of lateral surface 

of the bone for passage of tendon of ftbularta muecle. 

Matatt.raate: 

Slaeon (1977) obaet"Ved that proxtrnal e nd of third metatarsal of 

dog was elongated doraoplantar1Y and had plantar projectfooa. 

16 



Evan• and Christensen (1979) reported that ftrat metata ... al was 

usually atypical bone In dog. 

Pandlt (1994) reported that tho ftrat metatarsal of tiger was 

short(4cm), thick (4cm girth) twisted stub of bone with a large saddle shaped 

articular facet o n the proximal surface for articulation with ftrat and ~nd 

tarsal bones. Second metatarsal was thin cylindrical rod which was curved so 

that the convexity faces cranially. It was sllghtty (by about 0 . 5 em) longer than 

the -cond metacarpal. Fourth metatarsal was al~htly shorter (by about 0.5 

em) than the third metatarsal and had afrnl lar appearance. Two oval articular 

facets on the .nedial face of the proximal extremity help In fdentlftcation of thi s 

bone. Fifth metatarsal had nearly same length as the second but was much 

thicker (4.2 em girth In fT'Iiddla as against 3 an of the second). The proximal 

extremity was compressed rnedio-laterally and there was a sharp curved 

planatar projection f.-om the proximal extremity. 

Phalanges: 

Pandlt (1994) reported that there were onty 4 digits In hlndpaw 

of the tiger, the first one was absent. Each developed digits I .e . second, third, 

fourth and fifth consisted of 3 phalanagee each. The- phalanges had the 

same featu,-ea as the phanalges of digits of the forelimb. The distal or third 

phalanges of the digits of hindlimb were, smaller carrying s maller ungula . 

f(jrberger et al. (2003) studied radiological anatomy of the 

normal appendicular skeleton of tha lion I.e. thoracic llnlb. He compared 

differencea, s lrnilaritJee. or both between cheetahs, dOJnestlc cats a nd dogs. 

On the basis ot evaluation. the scapula had a profT'IInent acromion, hamate 

and aupraharnate prooe-es as well aa prominent nutrient foramina. The 

humerus was similar to that of domestic cats. The humeral and ulnar nutrient 

foramina were placed rno,-e medially than that of dornestfo cete. The lateral 

anconeal tubercle of the olecranon (_.tuated between the prooeseoa 

anconeus and tuber olecranl) waa usually more prominent than the medial 

one a nd tends to be hook shaped. pointing cranially. There we,-e no digits In 

the region of the elbow. 
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Klrber~er or D1.. (2003) atudled rodlofoglcal ~nat.o.my of• lhe 

appendicular skeleton of the •lion I.e~ potvic limb~ Baaed an 

,...diognaphlc <l!lvatuatJon of the lhor&dc lfrnb tte cleecribad 11-.et 1tte fernu,. or non 

.....aJII Sllmllar to th&t Qf' the dol"'''e9t•e cat& but the cr.nlal and caudal 

mtddlaphyaea'l cortices were markedly lhlcktft-t. Tha patella ''•d • lang nurrow 

apex and lhe broad base. The head and distal e)(tJ1efn(ty of the fibula w.tra 

YaTy protnl"en l.. The 1araaJ Jotnt was almU11r to that. of lhe do~Uc ca.ts.. 
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MATERIAL AND METHODS 

PLACE O F S TUDY 

The wot1< w as carried in the department of VVIIdllfe HeaUh and 

Management, College o f Veterinary Science & Animal H usbandry, .JN KVV, 

Jabalpur. 

STUOY ANIMA.L S 

Gross morphological and rnorphornetr ic atudy were conducted 

on appenc:Heular skele tons of 4 adult leopard p«>vlded by Kanha Tiger 

Reserve . M andl& ( M .P .) . 

Technica l Progra n11ne 

The p,.esent s tudy waa perfonned on following bones of 

fo,.elirnbs and h indlimb&. 

A . Forelimb (Thoracic limb): 

Sca pula-

• Ratio of s u praspinous and i n fnlapinous fossa 

• Characteristic features of acromion procaas rnetachrornlon proceaa, 

supJ"&glenoid t u bard&, glenoid cavity a n d s u bscapular fossa . 

Hume rua-

S h aft-

• General features 

p ,.oxlrnal extremity-

• H ead, lateral t u bero sity, rnedl_. t u berosity and blcfpltal groove 

Distal extremity-

• Condyles ,epjcondyles , radial fossa and olecran on foaaa 

R a d iua and ulna-

Radius­

Shaft -

• General features 
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Proximal extremity-

• Facet for articulation with humerus and ulna and radial tuberosity 

Olatal extremity -

• Facet for carpals and rnofl)hology of styloid process 

Ulna -

Shaft-

• General features 

Proximal extremity -

• Olecranon process and semilunar notch 

Distal extremity -

• Styloid pocesa 

Carpale-

• Number and morphological features of carpal bonea. 

M etacarpal.• -

• Number and morphological features of metacarpal bonea . 

Digfta-

Number and morphological features of phalanges. 

B . Hindlimb (Pelvic limb) : -

Oa-coxa•-

11/um-

• Morphological teaturea of the tubercox-. tuber secrete and greater 

Ischiatic notch. 

Ischium-

• Characteristic teaturea of the tuber lschii , ischial arch, iachlatlc 

spine and lesser ischiaUc notch 

Pubis-

• Morphological features of the surfaces and borders. 
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Femur -

Shaft-

• General features 

Proximal extremity -

• Head. trocha n ter major. troch anter minor and third trochanter 

D istal extremity-

• Trochlea and condyle 

P a t a Ua-

• Morph ological featurea of patella 

T i b ia a nd fibula -

T i bia -

S h aft-

• General features 

P roximal extremity-

• Condykta. lnte r condyfor eminence end poplitial notch 

Dist a l extremity -

• M edial and lateral articular groove• 

F i bula­

Shaft-

• Genera l features 

Proximal extremity­

• Head 

Distal extremity -

• Medial and lat e r al a rticu lar grooves 

• N umber and morpho logical featurea of tareal b onae 

Ma t at.raa la-

• N umber a n d rnorph ologlcel features of rnetatarw.al bon-

Dlglta-

• N umber and morphological feature• of phalanges. 
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C . M e nauratlona: -

The various pe..-erneters o f long and short bones of appendicular 

akeleton of leopard were recorded with the help o f V e rnie r caliper/ thread 1 

acale In e m . For taking area of short bones pencil sketches were drawn on 

graph paper. The area was recorded In centimeter square (em2
) . Weight was 

taken with the help of electronic balance machine. 

Scapula 

W eight ­

Leng th -

Cranial border 

• Caudal border 

• Dorsal borde r 

• Scapular spine 

• Glenoid cavity 

Width-

• Sup,..splnoue fossa 

• lnfras~noua fossa 

• G lenoid cavity 

Height of scapular spine -

Hurnerua 

Weight­

Length ­

Shaft­

L ength­

Circumference-

• Upper part 

• Mldd~part 

• Lowerpart 

22 



Proximal extremity-

• Circumference 

• VVIdth 

• Circumference of heed 

Distel extremity -

• Circumfere n ce 

• VVIdth 

• Depth of the olecranon foaae 

R .adlua and uln•: 

R•dlua -

Weight­

Length­

Shaft­

L e n gth ­

Cir c umfe r e n ce -

• Upperpert 

• M iddle p art 

• Lower-part 

Proximal extremity-

• Circumferen ce 

• Width 

Distal extrem ity -

• Ci rcumfere n ce 

• Width 

Weight ­

Length­

Shett-
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Len·glh­

C~rcum1ecence-

• Upper part 

• Ml,ddlo part 

• LoYolef"pi~trl 

Pl'oxlmal oxtretnfty -

• Clrour"'"''ference 

.. Width 

Distal e.ldJ'efnfty -

• Cfrcurnfotence 

• Width 

C•rp•l• -

• Weight and aroa of taraeJ banes 

Metaoa.rpale -

• Wetghl,. k:tngU~ Bnd wldth ,of motaoorpllil banos. 

Phetano•• ..... 

• weight, lef\Vth and width of phalanges 

0•-.co•••: 
Wefgtlt­

lllt..~m-

Length-

• Cranial bol"der 

• Coudal ba;Rfer 

• Dorsal border 

ISChium -

Length -

• Cran,-nJ border 

• C.ud$1 border 
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• Medial border 

• Lateral borcter 

Publa-

Length -

• Cranial borcter 

• Caudal border 

• Medial border 

F•n~ur: 

Weight ­

Length ­

Shaft-

Length 

Circumference-

• Uppe rpart 

• Middle part 

• Lo~Ner part 

Proximal extremity ­

• Circumference 

• Width 

• Circumference of head 

• Diameter of head 

T r ochantertc fosea -

• Depth 

Trochanteric major­

• HeighV length 

D istal extremity -

• Circumference 

• Width 

• Depth of lntercondytokf foes• 
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Pal•tfa: 

Weight­

Length­

Wldlh -

Tlbl• •nd flbul• -

Tlbf•: 

Wolght­

IL.ength ­

Shah­

CiN:Urnferel'\oet -

• Uppetpen 

• MJddJe part. 

• LO\Nof' port 

Proximal eldremlty -

• "CifCUm(ef'BnoCP: 

• \Nidth 

M edl•l condyle; 

• Length 

• WTdth 

Lateral condyle: 

• Length 

• WTdtll 

Distal extfll!n'lllY-

.. ClretJmlerenco 

• Width 

Abu I•: 

Weight ­

Length­

Shoft-



-

Circ umfe rence_ 

• U ppe rpart 

• M iddk9 p a rt 

• L owe r part 

Proximal e xtrerroty ­

• C ircumfe rence 

• W k U h 

D i s tal e xtre m ity -

• C i rcumfe r e n ce 

• Wk1th 

• W e ig ht a nd a rea o f t a r sal bon es 

M e t atarw;a l a -

• W eight . le ngth a nd wtdth of 01et a tar eal b ones 

Pha tangea _ 

• W e ight, len g th and width o f phalange • 
E . 

ace tabulum a nd o bturator fo,.rnan. 

P e lvic cavity -

• Conjug ate d iamete r 

• T ra n av e r ae diamete r 

Obt u rat o r f'orern a n -

• L e ngth 

• W idth 

A cet. bulum -

• Length 

• W idth 

P e tvtc e y m phyala -

• L e ngth 
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St.atiatlcal a n a lyale: 

The data c"'lected were analyzed for mean end standard error 

as per the standard procedure of Penes and Sukhatrne (1967) end Snedecor 

and Cochran (1967) . 
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RESULTS 



RESULTS 

Scopula: 

Scapul a was the flat bone o r shou ld er region had la te ral and 

costal surfaces. The latera l surface h ad w e ll developed scopulor splno, which 

divided the surface into 2 equa l oreos. Supraspinous fossa had undula t i n g 

surlac e, whereas Infraspinous fossa was triangular and s lightly concave at its 

lower third (Plate . 1 ) . At its lower part, the nutrien r foram e n was o b sorvod. The 

mean width o f s upraspinous fossa 4 .92 ± 0 .37 em was less t h an infraspinous 

fossa (6 .25 ± 0 .26 em) (Tabte . 1 ) . Scapu lar spine was thin at its middle a n d 

thicker towards the extremit ies. The mean length a nd heigh t of scapular spine 

were 15.32 ± 0 .95 em and 2 .4 ± 0 .10 em respectively. The distal end o r the 

spine presented acromion process, which was blunt and overhanged the 

g lenoid cavity. The m ean distance between g le n oid cavity a nd acro mion 

process was 1 .20 ± 0 . 10 e m . Small metacromion p rocess was also present 

directed caudally (Piate. 1 ) . C r a nial border was thin and convex with wavy 

cou r se. The mean le ngth or c r a n ial , caudal and dorsal border was 15.57 ± 

0 . 71 em, 14.42 ± 0 .60 em. 7 .50 ± 0 . 1 0 em, respectively (Te~ble. 1) . The caudal 

border was s rra ight a nd thicker than the cra n ial border. Dorsal border was 

convex, thick, a nd rough. T h e rounded c ra n ial angle was between dorsal and 

c ra nia l border. The ventral a ngle had glenoid cavity that e~rticulated with the 

h ead o f humerus. The m ean length and width of glenoid cavity were 3 .4 5 ± 

0 . 12 e m a nd 2 . 5 ± 0 .17 em. respectively . Cranially, it possessed the 

supr aglenoid tubercle. M edially supragleno'd tubercle presented t ubercu la r 

coracoid process. 

The costal s urface was wide and the cranial part of the surface 

was deeply con cave, whereas cau dal par t w as flatte ned. The cranial concave 

a reo had a line that s ta rted from the upper part o f cranial bOf"der runs caUdally 

and fades o ut in the midd le of the c r anial p a rt. Another line present o n the 

caudal part sta rted from the cauda l angle runs s traight and te rmina ted above 

the glenoid cavity (Piate .2) . 
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11~1.1 Mean and S.E. of differtnt parame!Drt of se~pula 

S.No P1rame11rs Skeleton I Ske~ton U Sktltton Ill Skeleton N Mtan S.E. 

1. Weight (gm) 47.30 51.17 60.23 48.10 49.20 0.00 

2. lenglh (om) 

•aanlaltxxdM 14.00 17.10 18.40 14.80 15.57 0.71 

• caud~ b«der 13.00 15.90 14.70 14.10 14.42 0.60 

•dorsal border 7.30 7.60 7.60 7.40 7.60 0.10 

•scapulars~ne 12.60 18.70 18.10 18.00 15.32 0.95 

ogl<ooidta'oi1y 3.10 3.70 3.60 3.60 3.45 0.12 

3. 'Mdth (om) 

· s~raspinous 3.80 5.40 5.30 5.20 4.92 0.37 fossa 

· ~lasplnouslossa 
5.50 8.70 8.60 6.30 8.25 0.26 

• gleoo~ta'oi1y 
2.20 2.00 2.70 2.20 2.5 0.17 

4. Helg~ of ICafMar 0.10 
spile(om) 2.10 2.60 2.60 2.40 2.4 

5. Dlstance bet.een 
g~noldcaviyaol 1.20 1.50 1.40 110 1.32 0.75 
actOmonpro<oss(on) 



Cranial 
border 

Muacular 
linea 

Scapular 
notch 

Coraco i d 
procaea 

S upraaplnoua 
t'oaaa 

Scapular 
notch 

Supraglenoid 
tubercle 

Subacepular 
foaa• 

Glenoid oavlty 



Humerua: 

The humerus was the bone of arm region directed downward 

and backward. I t had a shaft and two eldremities. 

The mean lengt h of the shaft wae 14.9!5 * 0 .79 em. The medial 

surface of the &haft wae wide at Ita u pper part and n arrow distally. The mean 

circumference of the shaft at Ita upper, middle a nd lower part was 8 .37 * 0 .34 

em, 7 .05 * 0 .20 CITl and 7 .22 ;t: 0 .30 e m respectively (Table .2). Teres tubercle 

was present In the middle of the proxlm.l pert or medial surface. Lateral 

surface was s m ooth. convex, and twfeted eptrany I curved. TNa surface waa 

separat&cf from t he cranial surface by the deltoid ridg•. whk:h ran 

C8ud0dlst a lfy . T he deltoid ridge bore a t Ita middle the deltoid tuberosity In the 

form of low crest . The cranial surface was triangula r and cleariy deftned fn Its 

upper third (Piate.3). Caudal surface was smooth and slightly concave 

( Piate.3). 

P roxima l extremity comprised of head. n eck, lateral tuberosity 

and medial tuberoeity and b icipital groove (Pfate.-4) . The mean circ umferen ce 

or the proximal extremity w as 13.95 :t 0.41 e m and that o f head was 9 .65 ;t: 

0 .08 em (Table.2). Lateral t u beroalty w as slightly h igher than the head, and 

Its lateral s urface presented rough area for muscular attachment ( P iate.4). 

Medial tuberos.lty was much smaller than the lateral and separated from t h e 

fonner by t h e bicipfl t al groove. 

Distal extremity of the humerus conelated of medial a nd lateral 

condyles. The mean clrcurnterenoe of the dfstal extremity was 13. 32 ::t: 0 .60 

e m (Table .2) . The two condyle• -re -parated by cran ia-caudal groove. The 

COndytes articulated with the faoet of the radius bone and formed humero­

radial artlculaUon Lateral candy~ was higher In le vel than medial condyle . 

.Jua t above a nd lnfront of the condytea, w.a a shalloW radial foasa . The deep 

oktcr anon fo•aa waa observed. just above and b e h ind the condytea (Ptate .6). 

Depth of the olecranon fossa was 1 .27 :t: 0 .10 em. On the caudomediaf 

aaP6ct, a n oval shaped. small lntero•aeoua apace was noticed (Ptate.l5). 

lateral epJcondyle had • sharp edge whereas medial with blunt edge. Both 

the eplcon dyles formed the boundary of the oe.cranon foaaa . 
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Cr•nl•l view 

lnteroaee oua apace 

Radial to••• 
Olea,..non foaaa 

Medial epicondyle 
Lateral epicondyle 

Proximal extremity 

Caudal vie-

C•ud•l view 



Radius and u l na: 

Radlua : 

R adius and ulna In the leopard were sep arate bones articulated 

at the proximal and distal extremity leaving a narrow interoaaeous apace 

present along the length of the bones. The radius was flattened cra.nio­

caudally, situated cranio-rnedlal to the ulna. Radlua presented a shaft and two 
extremities. 

The mean circurnference of the shaft at Ita upper, middle and 

lower part w as 4 . 72 z 0 .30 ern, 5.60 ::1:: 0.32 ern a nd 6 .65 :t: 0.32 c~n, 

respectively (Table.3). The cranial surface of the shaft faced cranio-rnedfally, 

was s lightly convex and smooth (Piata.6) . It presented rough area at ita 

rnk:ldle towa rds the lateral border. The caudal s urface was allghUy concave 

and presented rough s mall emolnences. This surface tacad towards the ulna 

(Piate.6) . The proximal part of the caudal surface had etongated, elllptlcal , 

s mooth facet tha t carne In contact with the medial surface of the ulna. Lateral 

border was straight and rough at Ita middle third . The medial border was more 

or leas straight. 

Proxlrnel extremity we• much smaller than the diatal extremity. 

The mean circumference of tho proximal extremity was 6 .20 :t: 0.15 em 

(Table.3) . It had oval , concave faoat s urrounded by the rim of the bone 

(Piate.7). 

Distal extremity of the radius conalsted of concave carpal 

articular surface, which was wide lateral ly and became narrow medially. The 

mean circumference of the distal extremity was 6 .70 * 0 .16 em {Table.3) . Ita 

l"nedlal border had projection <fistally forming the styloid process of the radius 

'Nith aharp edge (Piate.8). Just above the styloid process. there wea a 

Prominent tuberde. lnrtont and above the distal articular surface. there were 

three s mall tubercles formed the passage. of the tendon a of extensor musck!te. 
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Table.J Mean and S.E. of different paramete~ of radius 

S. No. Parameters Skeleton I Skeleton II Skeleton Ill Skeleton W Mean S.E. 

1. Weight(gm) 35.07 39.38 37.58 36.14 37.00 0.91 

2. len91h(cm) \5.50 \8.00 \740 \6.10 \6.77 0.56 

3. Sha"(cm) 

length \3.50 \4.90 \4.30 \3.80 \4.\1 0.30 

Circumference 

• Upperpart 4.\0 5.50 4.90 4.40 4.71 0.30 

• M~dlepart 4.90 SAO 5.80 5.30 5.60 0.31 

• lowerpart 5.90 7.40 6.70 6.10 6.55 I 0.31 

4. Pro<imal extremi~ (em) 

•Circumference 7.90 8.60 8.30 8.00 8.10 0.\5 

•I'IKith 1.50 1.92 1.71 1.67 1.70 0.08 

5. Oist>eXI!emity(cm) 

•Circu:nference 5.40 6.\0 5,80 5.60 5.70 0.\8 

o\\ldth \.10 \.48 \.31 1.18 1.19 0.07 



Cr•nl • l view 

F•c•t tor •rtlc ul•tlon 
with ch• uln• 

Sty lo id proc••• 



Ulna: 

Ulna was Ia nge r tha n the radius a nd was fattened m edio·laterally. It 
presente d s haft a nd twa e •tremities. 

The cranial s urface coursed a long the cauda l surface o f the radiu s 

leaving a very n a rro w interosseous sp ace ra n throughout the length of bones. 

This s urface was wkfer above a n d grndually narrows down (Piate.9). 11 was rough 

e•cept at Ita upper one third which was s mooth and s lightly concave. caudal 

b order w as th ick In Its upper part tha n gradually became thin end te rminated In 

the form of caudal border o f s tylo id p rocess. Crania l b o rder s tarted below the 

facet for the media l condyle or the humerus and terminated jus t above facet for 

radius banes. The m ean cir c u m feren ce of the shaft at Its upper, middle and tower 

p a rt was 7 .77 ~ 0 .52 e rn, 5 . 1 5 ~ 0 .30 ern and 4 .07 ± 0 .28 em respectivety 

(Table.4). 

P ro•imal extremity b o re olecranon process , anconeus p rocess and 

facet fo r hume rus . Olecranon process possessed thr- tube rc les. T he caudal 

one was largest (trifid). The lateral surface of the olecranon process was rough 

a nd e levated , whereas medial s urface was smooth and concave. Anconeus 

Process h ad wid e. smooth a rt iCular s urface tha t articulated with the m edial 

condyle of the humerus . The distal part o f the anconeu s process wes s mooth, 

sligh tly concave and a rt iculated with the medial condyle of the humerus. 

L a te ra lly, the s mall h o r izontal elongete d con cavo facet thet articulated w ith the 

proxima l extremity of the radiu s. The semiluna r notch w as s m ooth, half moo n 

s haped concavity which faced cranially (Plate. "tO). The m ea n circumfe rence o f 

the proximal extremity wa• 6 . 76 :1: 0 .17 e m ( Table .4) . 

Dista l extremity wa s m uch s maller than Lhe pro•lmal extremity a nd 

hed rounde d facet towards the media l side w h ich a rt iculated with the d istal 

e•tre mlty o r the rad ius . The m ean c ircumference o f tha dis ta l extremity was 3 .6 5 

± 0.06 em (Table .4 ) . Latorn/ly, the v e ntralty direc ted blunt projactlon the styloid 

Process wa s present (Plate . 11 ) . 

Carpale: 
The ca rpal bones of the leoperd were arranged In the proxima l end 

distal raw. The bones of pro ximal end dis tel row were radial (lntermed ioradial) , 

Ulnar and accessory carpel. The c arpels o r d istal row vvere rour In number 

name ly firs t , &econd, third and fourth carpal bones. 
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Table 4. Mean and S.E. of different parameters of ulna 

S.No. Parameters Skeleton I Skeleton II Skeleton Rl Skeleton IV Mean S.E. 

I. Weight 48.47 54.10 51.19 50.13 51.14 1.11 

1. Lengfu(cm) 10.90 14.70 11.60 11.40 11.40 0.84 

3. Shafi(cm) 

l engfu 1(10 16.80 16.10 15.30 15.57 0.57 

Circunlerera 

• Upperpart 6.50 8.90 8.30 7.40 7.77 0.51 

• Middlepart 4.60 6.00 5.10 4.80 5.15 0.30 

• l owerpart 3.50 4.60 4.10 3.80 4.07 0.18 

4. Proximalextrenity (an) 

•Circunierence 6.40 7.20 6.80 6.60 6.75 0.17 

•W<IIh 1.60 1.87 1.79 1.68 1.73 0.05 

5. Ois~lextrenity(cm) 

•Circumference 3.50 3.80 3.70 3.60 3.65 0.00 

· Wid~ 1.10 2.40 1.31 1.17 1.13 0.04 



ot•crenon proc••• 

Aocon•u• proceaa 

Semilunar notch 

Facat for articulation 
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Radial carpa l: 

Radial carpal was the la rgest carpal among the a ll carpal b ones 

(Ptate. 1 2). It w as quadrilateral in s h ape a nd was flattened c ra nlocaudally . The 

c r ania l s urface was convex and caudal surface was irregularly concave. The 

distal surface pre s ented facets for artic 1.11allon with the carpal bones o r the 

dista l row. Laterally, it hod facets for artic ulation with ulnar carpa l . 

U lna r carpa l: 

The ulna r carpal was s maller than the radial carpal and 

quadril a tera l i n shap e (Piate.12) . II presented a facet proximally for 

a rticulation w i th ulna and radius, distally w ith IV carpa l and IV rrtetacarpar , 

medially with radial carpal a nd caudally with the accessory c11rpa i. 

A ccessory carpa l : 

The accessory carpal bone o f t h e leopard was con s t ricted in the 

middle expanded at both the extr emit ies (Piate. 12) . The b asal extremity 

p resented a saddle s h aped articular facet fOr a rt iculation with u lnar carpa l. 

The basal eldr emity a lso hod a small facet for articulation w ith the s tyloid 

process of the ulna. 

Fl,..t carp a l : 

It ....,as flattenfKf and s m a llest bone o f the second row. It 

presen ted facet for articulatio n with the second carpal a nd metacarpal II . It 

also had a rticula r area o n i t s proximal part for a rt iculation wit h radial carpa l 

and o n its d i stal p a rt f o r articulation with metacarpal I . 

Second carpa l : 

T h e second carpa l bone was small and wedge s haped bone 

(Piate . 1 2) . I t was compressed proxlrnodlstally and presented a rticular area 

proxim a ll y ror articula tion w ith the radial carpal. Distally, i t h ad a focet for 

a rtic ulation \Nilh metacarpal 11 . O n !Is la te ral a nd media l aspects, It bore a 

facet for a rticulation wUh thlrd a nd firs t carpal respectively. 

T h i rd carpa l : 

The third carpal was larger In comparison to the second carpal 

bone (Pi e te , , 2 ) O n ita cauda l part, It presented a projection for srticulatlon 
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with the metacarpal II . It had articular areas on its medial , lateral, proximal 

and dista l part for articulation with the second carpal. fourth carpal , radia l 
carpal and rnet·acarpal Ill , respectively . 

Fourth c111 rpa l : 

The fourth ca rpal of the leopord was observed as largest bone 

or the distal row (Piate .12). On cauda l aspect. It presented a n enlargement . 11 
exh ibited facet on Its dist a l ITlBdial a nd proximomedial aspect fo r a rtlculallon 

With the m etacarpa l IV and V, third carpa l and radial carpal. respectively. 

Metacarpa ls: 

The metacarpal bones were five In number. The ITlBtacarpal 1 

was shortest and thinnest among all metacarpals (Pi a te. 1 3) . The rnetacarpol 

II and V we r e in the form o f Irregular rode wUh uniform diameter. The 

metacarpal Ill and IV were longest (Piate. 13). The metacarpal II a nd V were 

observed as four sided. The metacarpal Ill and IV were triangular in their 

Proximal part and cylindrica l dh;tally. The metacarpal II to V were comprised o f 

a base, body and head. The b ase was larger than the head and was 

compressed a t o n e s ide. The base bore facet f o r articulation with carpal 

bones. Th e metacarpal 11 to v had facet on s ides or the base for articula tion 

With the adjacent metacarpals. 

The shaft was triangular proxim a lly and became smooth and 

cylindrical distall y . The shaft of metacarpa l V was m ore curved than o ther 

metacarpals. The dista l extremity was ortlcular had h ead. shaft a nd presented 

In the midd le a prominent sagittal crest dividing the articular area in two equa l 

Parta. The aagittnl ridge was prominent in cauda l 314 ... 

Phalanges: 

In leopards. there were five digits . Each digit was consisted of 3 

P h alanges (pr oximal, midd le a nd distal phalanx) except firs t which had only 

two phalanges. 
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Table.5 Mean and S.E. of different parameters of carpals: 

S.No. Parameters Skeleton I Skeleton II Skeleton Ill Skeleton rl Mean S.E. 

1. Radial carpal 
• We~ht(gm) 3.46 3.78 3.67 3.52 3.60 0.07 
• lm (cm') 3.22 3.40 3.35 3.27 3.31 0.04 

2. Utnarcarpat 
• Weight (gm) 1.52 1.78 1.61 1.58 1.62 0.05 
• A!ea (crrl) 2.58 2.84 2.74 2.84 2.69 0.06 

3. Acce!SOI'fcarpal 
' Weight(gm) 1.21 1.34 1.30 1.26 1.27 0.02 
• AJea(crTi) 2.12 2.28 2.24 2.18 2.20 0.03 

4. Fwstcarpal 
• W<ight (gm) 0.20 0.29 0.27 0.25 0.25 0.01 
• A!ea(c.l) 0.74 0.86 0.81 0.78 0.79 0.02 

5. Secorocarpal 
• Weighl (gm) 0.59 0.71 0.65 0.61 0.64 0.02 
• A!ea (crrl) 0.98 1.10 1.04 1.00 1.03 0.02 

6. TNrdcarpal 
• Weight(gm) 0.78 0.89 0.85 0.81 0.83 0.02 
• A!Oa (crr/) 2.08 2.18 2.12 2.11 2.12 0.02 

7. Fourth carpal 
• We\ilrl (gm) 0.81 0.97 0.93 0.88 0.89 0.03 
• A!ea(crrl) 1.10 1.23 1.20 1.15 1.17 0.02 



. 
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Tab~ .6 Mean and S.E. of different parameters of metacarpals: 

S. Ho. Parameters Skeleton I Skeleton II Skeleton Ill Skeleton IV 

I. Firstrrolacarpal 
• Weight(gm) 1.34 1.69 1.58 1.47 

• leng~ (cm) 1.10 \.40 1.30 1.20 

• Wilth(cm} 0.80 1.14 1.04 0.92 

2. Second metacarpal 
• Weight(gm} 5.40 5.78 5.67 5.58 

• Length(cm) 5.50 5.80 5.70 5.70 

• l'i\d~(om) o.n 1.12 \.03 0.94 

3. TNrdmetacarpal 
• Weig~(gm) 5.50 5.82 5.68 5.57 

• length(cm) 6.30 6.60 6.40 6.30 

' I'M\h(om) 0.79 \.II 0.91 0.63 

4. Fourlh me~ca~al 
• Weight(gm) 5.28 5.61 5.49 5.37 

• lenglh(cm) 5.80 6.00 5.911 5.80 

• WO~(om) 0.80 1.12 1.01 O.IJ.I 

5. Filhrrelacarp~ 

• Weight(gm) 4.02 4.33 4.23 4.11 

• length (om) 4.80 5.00 4.911 4.80 

• I'Mih(om) 0.9\ 1.21 1.10 1.02 

Mean S.E. 

1.52 0.07 
1.25 0.06 
0.97 0.07 

5.60 0.08 
5.67 0.06 
0.96 0.07 

5.64 0.116 
6.40 0,07 
0.9\ 0.07 

5.43 0.07 
5.87 0.04 
0.96 0.06 

4.17 0.06 
4.87 0.04 
1.06 0.06 



Proximal phel• nx: 

Proximal phatenx wea longest of three (Piate. 14) . The proximal 

phalanx was consisted o f proximal e nd and d istal e nd. On the palmar aspects 

of the proximal end, o n either aide, there vvere two tuberc:l-. T h e articula r 

s urface o f the end was deeply concav e . The cranial surface of the a hatt waa 

smooth a n d convex. The palmar s urface of the s haft waa flatten ed on the 

d istal third o f the s h a ft . On either a ide, there was a small tubercle. The di~ 

e nd or h ead w as In the form of trochlea . The two a rticular ridges o f the 

trochlea were separated by a deep aaglttaJ groove. 

Middle phal•n.x : 

The middle phalanx was abou t 2/3,.. o f the length of the proximal 

Phalanx. In flrat digit. It waa absent (Piate.14). The proximal articu ler s urface 

was consisted of two concave facet.e separated by a faint sagittal groove. At 

the mid point o f this extrem i ty, cran ially there w as a tubercle and caudally. e 

deep depression. The ahal't w as prlamatic and curved distally. The two 
condy les of the distal e nd were eep a r ated caudally by a sagittal groov e. 

Dis tal phala nx: 

The dis t a l phalanx w as In the form of claw (Piate. 1 .. ). The ba .. 

had a concave a rticular s urface for articulation with the n-Nddle phalanx. The 

eofar surface presented an oval shaped tubercle and on each aide of this 

SUrface w as a sma ll foramen. The ungul prooesa was In the form of thi n , 

trian gular plate with a broad b ase and pointed apex. 

Ungula: 

The u ngu la were five i n nui'Tlber In forelimb (Piate.15). It waa 

eompfieed of two thin plates separa ted caudally by w ide, gap proximally, 

which n a r rowed distally. T he- plates of bone which -re wider proxhnally 

and tapered y distally and terminated In the form of curved apex. 
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Table 7. Mean and S.E. of different paramete~ of proximal phalanx 

Parameters Skeleton I Skeleton II Skeleton Ill Skeleton IV 

Firntdigit 

• We'ljht(gm) t.29 1.6t tA8 t.38 

• Length(cm) 1.60 1.80 1.70 1.60 

• Width (cm) 0.81 1.11 1.02 0.90 

Second digit 

• We~ht(gm) 1.90 2.20 2.08 1.94 
• Length(cm) 2.40 2.60 2.50 2.40 

• W!lth(cm) 0.53 0.87 0.71 0.59 

TNrd digil 
• We~ht(gm) 2.50 2.82 2.70 2.56 

• Length(cm) 2.90 3.10 2.90 2.90 

• WKith(cm) 0.80 1.12 0.99 0.87 

Four1h digil 
• Weight(gm) 2.40 2.71 2.58 2.47 
• Length(.,) 2.90 3.00 3.1111 2.90 

• W<lth(cm) 0.70 1.06 0.93 0.81 

Fifth digil 
• Weighl(gm) 1.87 2.17 2.03 1.92 

• Length(cm) 2.40 2.70 2.50 2.40 

• Width (em) 0.50 0.83 0.71 0.58 

Mean S.E. 

tA4 0.06 
1.67 0.04 
0.96 0.06 

2.03 0.06 
2.47 0.04 
0.67 0.07 

2.64 0.07 
2.95 0.05 
0.94 0.07 

2.54 0.06 
2.95 0.02 
0.87 0.07 

1.99 0.07 
2.50 0.06 
0.65 0.07 



Table 8. Mean and S.E. of diffemnt paramelers of middle phalanx 

S. No. Parameters Skelelonl Skelelonll Skelelonlll Skeleton IV Mean S.E. 

I. Se<ondd~it 

• Weig~ (gm) Ul 1.54 1.39 128 1.36 0.00 

• length(an) 1.90 2.10 2.011 1.90 1.97 0.04 

• W<l~ (om) 0.71 1.01 0.87 0.76 0.83 0.00 

2. Third dig~ 

• Weg~(gm) 1.59 1.88 1.75 1.64 1.71 0.00 

• le~(om) 2.70 3.011 2.80 2.70 2.80 0.07 

• Wilth(om) 0.72 1.06 0.88 0.76 0.85 0.07 

3. Four1hdigl 

• Weighl~m) 1.69 1.98 1.64 1.73 1.81 0.06 

• le<1g~ (om) 2.50 2.70 2.80 2.50 2.62 0.07 

• WO!h(om) 0.60 0.91 0.76 0.65 0.73 0.00 

4. F~hdl9il 

• Weighl~) 1.47 1.78 1.63 1.53 1.60 0.00 1,~ ~1' 
' Len9~(om) 2.011 2.40 220 2.00 2.15 0.09 ( 

. ( 

• Wil~(cm) 0.69 0.90 0.81 0.72 0.78 0.04 I~ 



II 

Table 9. Mean and S.E. ol d iHe~nt para mete~ of distal phalanx 

S.No. Parameters Skeleton I Skeleton II Skeleton ill Skeleton IV Mean S.E. 

1. Firsllign 

• We~ht(gm) 1.04 1.32 t.t8 1.09 1.15 0.116 

• Length(cm) 1.40 1.80 1.50 1.40 t.47 0.04 

• WKith (cm) 2.11 2.39 2.25 2.17 2.23 0.116 

2. Second digit 

• Weig~~m) 1.15 1.43 1.29 1.21 1.27 0.116 

• length(cm) 1.50 \.70 \.60 1.50 t.57 0.04 

• 1\'dth(cm) 2.42 2.69 2.55 2.48 2.53 0.05 

3. Thirdd~n 

• We~ht (gm) 1.60 \.82 \.76 1.68 \.7\ 0.04 

• Length(cm) \.70 2.110 1.60 1.70 1.8 0.07 

• WKith(cm) 2.50 2.78 2.63 2.57 2.62 0.05 

4. Fourth digit 
• We~ht (gm) 1.62 \.88 1.75 1.66 \.72 0.05 

• length(cm) 1.50 \.70 \.60 \.50 \.57 0.04 

• WKith(cm) 2.43 2.67 2.52 2.47 2.52 0.05 

Is. Filthrigit 
• Weight(gm) \.2\ 1.50 \.36 1.25 1.33 0.116 

• Length(cm) 1.50 1.70 \.60 1.50 t.57 0.04 

• WKith(cm) 2.31 2.59 2.45 2.36 2.43 0.05 





Ossa coxarurn : 

Ossa coxarum of leopard comprised of os coxae o f both a ides 

Each as-coxae consisted of Ilium. Ischium and pubis. The mean weight 0~ 
ossa coxarum was 147.02:1: 1 .69 gm (Teb/e.10). 

Ilium-

It was placed In a vertical direction parallel to each other T h e 

later a l o r g luteal surface was deeply concave white medial surface was ;ough 

and had at Its lower part. elongated curved. bean shaped facet for articulation 

with the wings of the sacrum. T h e d orsal border was thick and ro unded. 

Lateral o r cranial border was thin In its upper fourth . Caudal border was a lso 

thick a nd p resented a t its midd le a p r ojection . G reater Ischia tic n otch was 

shallow a n d rounded (Piate .16). Ischiatic s p ine was not well d eveloped. 

Cranial eng le v.tas thin and s h arp w hile the caud al a n gle was t h ick and 

ro u nded. Acetabu lar ang le met wi t h the Ischiu m and pubis at the acetabulum. 

Ischium-

It was much smaller tha n the Iliu m a n d had twis ted appearance. 

The acetabuh:~r part was vert ical w hile symphysial part was horizonta l. It 

forrned the caudal p ert o f t h e floor of the pelvic cavi ty . Lateral border was 

thick, rounded a n d lesse r Ischiatic notch was n ot p rominent. M edia l border 

was thin, ro u gh. met wit h the same border o f the opposite bon e. and formed 

the ca u dal part of the pelvic symphysis . Cranial border was t h i n , conca"'e, and 

fo rmed t h e cau dal boundary o f the obturator foramen . Caudal b o rder was 

thick, ro u g h , met with t h e same border o f the o p posite bone. and formed the 

v-s h aped ischial a rc h . Tho caudola teral a n g le ( tuber lschii) w as very thick and 

rough {Pia t e . 16) . The pelvic surface was smooth and con cuv e . T h e ventra l 

Surface w as rough . 

Pubis -

T h e caudal border was thick and form ed the c ra n ial bound ary o f 

the obtu r a to r foramen. T h e Cf'an ia l bord e r w as thin and s h arp. The media l 

border met wit h t h e opposite b o n e and formed the symphysis pubis 

(Piate. 1 7 ) . The tnedlal a n g le presented a tubercle . T h e pelvic surface was 

concave w h ereas ven tral surface was slightly convex. 
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Tab~ 10. Mean and S.E. at difftront pe~ma11ra of oo~oua 

S.No. Pa~mtttrs Skolaton I Skoltton II Skeleton Rl Skoloton IV Mun S.E. 

t. Welght(gm) 143.30 151.10 148.23 145.46 147.02 1.69 
2. Lengjh(om) 

• cr.ori~borne< 8.80 9.50 9.20 8.90 9.10 0.15 
•caudal border 7.10 7.70 7.40 7.20 7.35 0.13 

•do!salb01der 4.90 5.40 5.20 5.10 5.15 0.10 

Tablt11. l11n and U . of different p111m1lora at peMc cavl~ , acatobulum and obturator foramen 

S.No. Parametlrs Skoleton I Skolotonll Skeleton Ill Sklloton IV M11n S.E. 
1. Conj\rgatedian'ete!(cm) 6.90 7.40 7.10 7.011 7.10 0.10 
2. T.-da- (om) 5.20 5.40 5.30 510 5.27 O.Ol 

3. PeM:~(cm) 

· Leng1h 5.30 5.90 5.80 5.40 5.55 0.13 

4. ObturatO!forerren (om) 
• length 4.76 5.10 4.90 4.80 4.69 0.07 
•\\'lith 2.50 2.60 2.60 2.50 2.60 0.07 

5. Aa!tabolum(cm) 
•Length 2.90 3.30 3.20 3.011 l 10 0.09 
•Width 2.80 3.011 2.80 2.80 2.75 0.09 

6. Acelab<Jurncao~ (om) 

•D!fllh 1.80 2.10 1.911 1.911 0.95 0.06 
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Pe lvic cavUy: 

(Tab te .11). The mesn leng th of p e /11/c symphysiS was 0 .55 % 0.13 ern 

The mean t r:~~::,.::~::~:'::';:eaa~- 2c;:i~~~~ec:~meters was 7 .10 :t: 0 .10 em. 

Ace tabulum: 

is • Th is was formed by the unio n for correspond in g angles o f Ilium. 

n :
1
h•um and Pubis (Piate .1 6). It h ad a n oute r smooth a rticu lar p art which was 

w c had at the POSi f'lrO medial aspects. The m ea n length and w idth of acetabu lum 

as 3 .10 :f: 0 .09 e m a nd 2 .70 ± 0 .09 em. respective ly (Table. 1 1). The mean depth 
ot acetabulum wa s 0 .95 ± o.oe em. 

Obtura tor fora m e n : 

II was the largest foramen of the body s itua te d between lhe pubis 

and Ischium (Plate . 1 7). It was a n oval s hape d aperture whoso axis was directed 

o utward and forward . The m ean leng th and w id t h o f obl u ra to r foramen was 4 .89 

± 0 .07 em and 2.60 ± 0 .07 em. respect ively (Tab le . 1 1 ). 

Femur : 

Femur was the longest bone o f th e appendicular s keteton o f 

leopard. It was s tro ng. heavy a nd cylindrical, directed downward end forwa rd In 

a n o blique manner. It ertlcu la ted with acetabulum to form hlp Joint e n d with, tibia, 

fibula and patella below t o fo rm s tifle Joint. II presented a s h aft a n d two 

extremities. 

The s h eft was uniformly cylindrica l (Piate . 18). T h e m ean 

circumference o r tho s h aft wes 7 .1 7 =*: 0 .15 em. 6 .55 ± 0.08 em and 7 ,g7 ± 0 .22 

em at Its upper. middle and lower p arts. respectively (Table. 1 2) . L a teral, medial 

ano cre n ia l s urfaces were smooth except proxlme l part o f the c ranial surface was 

rough . T h e upper third of the caudal surface w as rough while lower one third wa• 

smooth and expanded (Piote . 18). The lesser trochan ter wa s In the form of a 

small tuberosity, situated et the upper p a rt o r medial border (Plate. 1 9). D istal p a rt 

of the medial border presented rough prominence known as medial 

supracondyloid crest In the form o f roug h prominen ce. At the same level. towards 

the la te ral side, lateral s upracondyfold c rest was present. 
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r Proximal extromity of th e femur comprit>ed of h ood. g reater 

:hochan ter. and deep trochanteric fossa. T rochanter maJor was lower in position 

an t~e head {Pia te .19) . The mean circumference end width o r the proximal 

e xtremrty wes measu red 12.30 ± 0 .21 em and 4 .97 :1:: 0.05 c 1n, respectively 

{Table .12). The head o f femur was smoo lh, s pherical and p laced medially, 11 was 

7 .85 ::1:: 0 .10 e m in circumference and 3 .67 ± 0.18 em In diameter and ertlculated 

With the cotyloid cavity of os coxae to form hlp }oint. The fovea capitis was In the 

form Of small depression located s lightly medial to the center. Neck was 

prominent medially. On the latera l side of proximal extremity , there was 

compressed mass o f bone known a s greator trochanter rough muscular lines for 

muscular attachment . Trochanteric ridge connected greater and Jesser trochen ter 

and was obliq u e . Between n eck and greeter trochanter, there was a deep 

depression, the trochanteric fossa (Piate.19) . The mean depth o f trochante rJc 

fosea was 1 .60 :1:: 0 .03 em. 

Distal extremity of femu r was larger than p roximal extremity. It 

consisted of trochlea, cranially and condyles. ca u da lly. The mean circumference 

&nd width of distal extremity were meas ured as 14 .92::1::0 .63 em and ~ .61 ± 0 .06 

em respectively (Table.12) . The troch lea was 2.25 :t: 0 .10 em wide. The m edia l 

rkJge o f t h e trochlea was tower and shorter than lateral ridge . The late rei aspects 

of both the condyles were rough and presen ted s hallow depression . The medial 

condyle was regular and more convex than the la terel condyle (Pial e.20). The 

lateral condyle was slightly lower In position t h on the media l condyle. The 

intercondyloid fossa was wide and rough . The m ean depth o f intercondytold fossa 

wa s 1 .47 :t: 0 .04 ern. 

P atella: 

The patella was the lerges t sesamoid bone o f the body, ar1iculu ted 

With the trochlea of femur and formed femora-patellar artJcutatlon. It was oval In 

Shape with proxima l part s lightly wider than the distal part. The cranial surface 

was con vex a n d rou gh In Its upper part. Cauda l surface was a lmost na t slig h tly 

rafsed in its m idd le parts and articu la ted with troch lea. Base of patella was wider 

and much thicker than the apex (Piu te .21). Both medial and latera l bordera were 

sharp and converge at the apex . T h e tota l mean length of the patella was 2 .92 :t: 

0 .17 em. The mean width of the pa tella In its mkJdle part was 2.35 :t: 0 .15 em. 

Maximum thickness of tl1e pateller was 1 .25 *0.12 em (Table .12). 
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Tibia a nd Fibula; 

Tibia: 

It wa s the larger o f the two bones in the leg region. The totel 

mean length of tibia was 22. 72 * 0. 70 em. It had a shaft and two extremities. 

it . The shaft was prismatic :t its upper two third and cylindrical at 

0 
S4~ower thtrd (Piate.22) . The mean ctrcumfe..-anca o r the sha fl was 9 _82 ± 

· em. 6 .67 :t 0.15 e m a nd 6 .62 ± 0 .92 em at its upper, middle and lower 

Part respectively (Table. 14). Medial surface o f the shaft was rough end slightly 

concave close to the proximal extremi~y and s mooth and s traight d is tally. 

Lateral surface was smoot h a nd deeply concave at Ita upper fourth s traig ht In 

Its distal 314"'. Caudal surface was straight and had two disti nct oblique 

popliteal lines in its upper half (Piate.22). Nutrient foramen waa present on the 

upper fourth of the caudal s urface very close to the la teral border. 

The proximal extremity was nluch larger than the distal 

extremity . It had medial and lateral condyles. The mean circumference a nd 

Width o f the proximal extremity was 14.00 ± 0 .41 em and 4 .65 :1: 0 .14 em 

respectively (Table.14). The mean length or the medial condyle (3.32 :t: 0 .12 

em) was more than the lateral condyle (2.97 ± 0 .08 em) whereas meen width 

or medial condyle (1 . 70 :1:0. 10 em) was Ieee then the lateral condyle (1 .92 ± 

0 .12 em) (Table.14) . The intercondylold eminen ces (medial and lateral) were 

of more or l ess of same height. The free edge o f medial eminence wes sharp 

White that of lateral one was blunt. In front of the lateral con dyle, there was a 

large elliptical smooth area {Pia te.23) . Such a rea wa s absent in front o r the 

mediel condyle. Cranial part of proximal extremity prese nted tibial tuberosity, 

Which was rough a t its upper part and smooth at Its lower pert (Piete.23). 

S u lcus muscularis on the cranial aspect s o f the lateral condyle was shallow. 

Popliteal notch was distinct on the caudal asp ect of the proximal extremity 

between two condyles. On caudo~late ral aspect on the la teral condyle, there 

were two small facets for artlculalion with proximal extremity of the fibula 

bone. 

Distal ext..-emity of the t ibia presented two cranlo-caudally 

directed oblique articular grooves. The mean c ircumference and widt h of the 



distal extremity was 9 .27 ± 0 . 15 em and 3 . 1 5 :t: 0 .06 ern respectively 

(TabJe. 14). The medial articular groove waa much deeper than lateral one. 

Laterally, the distal extremity presented a n articular facet. Which articulated 

with distal extremity of flbula . Medial m allelous presented rough area for the 

attachment of collateral ligament (Piate.24) . 

Fibula: 

It was very thin and flattened 1118diolaterally and curved distally. 
It presented a shaft and two ext.remltfes. 

The mean circumference of the a haft - 2 .32 :t: 0 .03 ern. 2 . 75 :t: 

0.04 em and 2 .4 5 ± 0 .03 cm at Its upper, middle and lower part respectively 

(Table.15). The s haft was thin a n d cylindrical in proximal third and flat In the 

lower 213,.. (Piate.25) . The medial s urface was flat a nd did not come In contact 

W'i th tibia. Lateral surface was convex and faced laterally In upper 2/3 .... The 

cranial border was aharp In the upper 213 .... The caudal border- was blunt In 

upper 213,.. a nd became sharp In tower 113••. 

The mean cir cumferen ce and width of the proximal extremity 

was 4 .75 :t: 0.06 CfT1 and 1 .81 :t: 0.03 em respectively (Table. 1 5) .The l)f"Oximal 

extremity w as convex compressed trans....e,.ery. Lat&f"elly, there were two 
emin e n ces v iz . cranial and cauda l separated by a ~leal s ulcua (AIIIte.28). 

The mean Circumference and width of distal extremity -re 

measured 4 .82 :t: 0 .05 em a n d 2 .02 :t: 0 .04 respectl....ely (T.t>le.15). The distal 

extremity was a lso compressed madlo-lataraUy and muc:h thicker than 

Proximal extremity. The medial surface o n Hs crania l aspect& had a wider 

articular facet a rticulated with the tibia and also with the fibular t a r-1. Thera 

wa s another articular facet caudally which ..-ticulated only with fibular tarsal 

bone. O n the lateral aspect of the extremity there w as deep. vertical groove 

known as the e ulcus m.lleol artae lateralls. Laterel lllBUeo.lua - • the d iatal 

extremity of fibula (Piate.27). 
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Table 14. Mean and S.E. ol dlfferenl paramele~ ollibia 

S.No. Parameters Skelelon I Skelelon II Skelelon Ill Skelelon IV Mean S.E. 

1. Weighl(gm) 94.81 98.23 96.67 95.18 96.22 0.78 
2. Leng\h(cm) 21.00 24.1 0 23.60 22.20 22.72 0.70 

3. Sha1t(cm) 
Leng~ 17.00 19.90 19.50 18.00 18.6 0.67 
Cwcumletence 

I •Upper par\ 8.90 11.00 9.50 9.10 9.62 0.47 
· M~II\epart 6.40 7.10 6.70 6.50 6.67 0.15 

• Lower part 5.50 9.40 5.00 5.70 6.62 0.92 

4. tloedialcond'le(om) 
• Lenglh 3.00 3.60 3.40 3.30 3.31 0.12 

•Widlh 1.50 2.00 1.70 1.60 1.70 0.10 

5. La\era\cond~e(cm) 

•Lenglh 2.80 3.21) 3.00 2.90 2.97 0.08 

•Wiilh 1.60 2.20 2.00 1.90 1.92 0.12 

6. P<alimal exlrori~ (em) 
•Circumference 13.00 15.00 14.10 13.90 14.00 0.41 
• Wi~h 4.30 5.00 4.70 4.60 4.65 0.14 

7. Oisialexlremity(cm) 
•Circunierence 9.00 9.70 9.30 9.10 9.27 0.15 

•Widlh 3.00 3.30 3.20 3.10 3.15 0.116 



Table 15. Mean and S.E. of different para mete~ of fibula 

S.No. Pm.meters Skeleton I Ske~ton II Skeleton Ul Skeleton fV Mean S.E. 

1. Weightlgm) 10.)7 14.19 11.l8 11.31 11.08 0.41 

1. leng~(crn) 19.70 11.80 11.l0 10.70 11 .11 O.l1 

3. Shaft( em) 

leng~ 16.60 19.50 18.10 t7.50 17.91 0.60 

C\fcumlerence 

• Upper part 1.10 1.50 1.l0 1.l0 1.31 0.03 

•t.lddlepart 1.60 l.OO 1.70 1.70 1.75 0.04 

•Lower part 1.l0 1.60 1.10 2.40 1.45 0.03 

4. P<Oxirmtex!leritj(cm) 

•Circumference 4.40 5.110 4.90 4.711 4.75 0.116 

· I'M~ 1.81 1.91 1.8t 1.91 1.81 0.03 

5. Distalex!leritj(crn) 

• Circun"terence 4.60 5.80 5.40 4.90 4.82 0.05 

oWdth 1.86 2.27 2.03 1.92 2.02 0.04 
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Ta,.aal : 

The number of taraal bones was 7 vtz. tibial tarsal fibular tarsal 

central ~raal , tfrat, second , third and fourth tarsal a rra nged In~ transvera~ 
rows. T1blal a nd fibular teraal were presented In proximal. First, &eeond a nd 

th ird In the distal row. Cent ral and fourth were interposed betwee n the two. 

Tibial tar.a l: 

I t was second largest bone and was medial bone of first row 
(Piate.28). The trochlear ridges directed ~niodor-lly. It had h ead, body and' 
n ecl< . 

The body had cranlo~proxlmally located trochlea. The ridges of 

the trochlea were not of equal size. The trochlear ridges were sligh tly obltque. 

The lateral one was longer , wider than the medial one. M edial one was 

s maller with sharp edge. The ridges were separated by oranlo-doraal grooves. 
Laterally, the body h ad aUghUy con cave smooth facet articulated wfth the 

s tyloid process of the ulna. Caudally, the body had two facet aeparated by 

deep wide g r oov e. The lateral articular area was concave and about doub~ 

the s ize of medial. The IT"I&dial articular area was straight and oval In shape. 

Head was directed medlo-distally In the form of a rounded 

a mooth, convex projection and articulated wfth the ptOxirnal s urface of the 

centre! tarael bone. The neck was Junction between head and body. 

Fibula r ta,..at: 

T h e fibular tarsal was the largest and longest bone of the ta rsus 

(Piate.28) . The dlatal half of the bon e had a wkla transverae groove and 

p re-nted t h ree procea .. a . The tuber calcanei formed the proximal half o f the 

bone. Ita fr- proximal end w as bulbou$ and compressed. The medial and 

lateral processes separated by a wide groove. The sustentaculum tall was 

medial in position. O n the p lanl8r aide, of thla surface, there was s hallow 

groove f or- the passage of the tendons. The doraornedlal side had a concave, 

oval facet for articulation wflh the medial artJcular- s urface of the tibial tarsal. 

The dorsal articular s urface was convex fCK articufation wfth the tlbfal tanal. 

Olatally, the b one presented an a rticula r large faoet . 
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The central tarsal was present on the medial side of the tarsus 

and was placed ~etween pro)lirnal and distal row. It articulated with •II other 

tarsal bone. Pro)l•ma lly, It had a large, concave, oval facet for articulation with 

head of tibial tarsal and a small facet for articulation with the fibular tarsal 

(Piate.28). Dis tally, the central tarsal presented facet for articulation with the 

first , second and third tarsa l and laterally for the proximal half o f fourth tarsal. 

Firat tarsa l : 

II was compressed transver111ely (Piete .28). It pre111ented feoet for 

articulat ion with central tarsal . second tarsal end 1 metatarsal 

Secon d tarsa l : 

II was the smallest of the tarsal bones (Piate.28) . It wae a wedge 

shaped. II articulated with central tarsal proximally, the third tareel laterally, 

first tarsal medially and second metatarsal distally. 

T h i r d t arsa l : 

The third tarsal was Irregularly elongated In shape, wide lnfront 

and narrow behind (Piate.28) . Tha p lantar s ide was In the form of round 

tuberosity. Its proximal surface articulated with cenlral tarsal. Distally. it 

articulated Ill metatarsal . Laterally It presented a curved facet for articulation 

with the corresponding facet of the fourth tarsal. Medially, It had a facet for 

articulation wllh second tar sal and m e tatarsal bones. 

F o u rth tarsa l : 

The fo urth tarsal was t h ic k , massive bone which accommodated 

central a11d third tarsal on Its medial s ide (Piate .28) . Proximal surface 

p resen ted a large facet for articulation mainly with fibular tarsal and partly with 

the tibial tarsal. Medlelly, it presented articular facet for articulation with the 

central and thi rd tarsal . Its distal surface had a large articular facet for 

articulation with the IV and V metatarsal bone. The dis tal h a lf of t h e lateral 

surface had a wide g roove for the passage of t h e tendons. 
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Table.16 Mean and S.E. ol different paramete~ of tarsals: 

I S.Ho. I Parameters Skeleton I Skeleton II S keleton Ill Skeleton f'l Mean S.E. 

t Tibial tarsal 
• Weight (gm) 9.29 9.87 9.72 9.14 9.60 0.12 

1 • l<ea(cnl) 6.17 6.75 6.58 SAO 6.47 0.12 

\ 2. \ fibula<ta<>al 
• Weight (gm) 17.61 18.11 18.03 17.87 17.90 0.11 

• l<ea(cnl) 8.39 8.96 8.78 8.60 8.68 0.12 

\ 3 
Centra\ta<>ai 

• Weig\11 (9m) 3.09 3.84 3!16 3.32 3.37 0.1\ 

• Area(cn/) 2.65 3.21 3.05 2.92 2.95 0.11 

( fimtarsal 
• Weight (gm) 0.50 0.81 0.68 0.54 0.62 o.re 
• l<ea (cn/) 0.42 0.78 0.57 0.47 0.56 0.07 

5. s.c:.Mtarsal 
• Wei9h\ (gm) 0.73 0.98 0.87 0.79 O.M 0.05 
• Area (cnl) 0.68 0.90 0.81 0.72 o.n 0.04 

6. Third tarsal 
• Weigh\(gm) 2.39 2.62 2.50 V\4 2.48 0.04 

• l<ea lon'l 1.8\ 2.07 \,99 1.87 1.93 0.05 

7. fourth ta<1a\ 
• Weigt11{9m) 2.90 3.2\ 3.02 2.97 3.02 0.00 

• 1Jea (an1
) \.69 \.99 1.80 \.75 1.80 0.00 



Metatars als: 

The metatarsal bones were five In number a nd numbered 1 to V 

from medial to la t e r a l side (Pi a te .29). They were comparatively longer than 

the rnelecarpa l bonea. The I meta tarsal bone wes o bserved In the form of 

s mall , a typlce l bone. The metatarsa l II was shorte r in comparison to 

metatarsal Ut, IV and V (Piate.29). T he metatarsal II to v were con sisted of a 

base, sha ft and head. The base o r proximal end w as e longated 

c r enfocaudally and had a caudal projection . The 111 and IV bore facet for 

articu la t ion with the two s m a ll rounded sesamoid bonae. The base artlculoted 

with the t a r sal bones. The shaft was obsorved triangular In p roximel part. 

quadrangular In the middle . The s haft or rnetatersa l II was prismatic proximally 

and fla Hened distally. The s haft o r Ill and IV metata r sal was m assive then 11 . 

The s heft was n a Hened cum iocaudally a n d semi c y lindrical In shape. The 

shaft of meta ta rsal IV w as s lightly more curved the n metaterssl Ill. The shaft 

o r metatarsal V w as more curved tha n ITI&tatarsal II to IV and was 

compressed cranfocaudally (Pia te .29}. The distal extremity o r metate rsal It to 

V was compr ised of a ba ll shaped h ead. T h e articula r h ead was divided into 

two areas by a prominent segitta l ridge. I metatarsal w as rudimentary atypica l 

and was much s hortest. The metatarsal Ill e nd metatarsal IV were longest 

(Pia to .29). The ITl&tatareal v was s lightly shorter tha n t h e metotareal II. 

PHALANGES: 

The firs t digit was absent In the hindlimb (Piate.JO). These 

pha langes bore same fea tures as the phalanges i n the fore limb. The third 

p ha lanx was s m a ll as compare to that o f the third phalanx In forelimb. 

UNGUIS: 

The unguis was four In numbe r In hind limb ( Pia to .3 1 ) . The 

c h a racteristic fea tures were same as thol!ile of unguis In forepaw. 
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Table 11. Mean and S.E.of diHerentp11amete" of metat.,sals 

S.Mo. \ Panmete11 \ Skeleton I Skelelon D Skeleton Ill Skeltlon N Mean S.E. 

\. rnl!lataisal 
• We~hl,gm) 0.54 0.61 0.66 0.60 0.65 0.115 

• \.elv;'ll(cm) 2.00 2.20 2.10 2.00 2.07 0.04 

• W11\h(cm) 0.61 \.01 0.97 0.91 0.92 0.04 

2. Se<:a\dll'<laiwl 
• Wei91\\(gm) 6.l6 6.16 6.56 6.47 6.54 0.08 

• length(cm) 7.00 7.20 7.10 7.00 7.07 0.04 

• W411\(cm) 0.90 t.\9 \.02 0.96 \.01 0.06 

3. 1\'ildmetalaila\ 
• Woigtl(gm) 6.92 9.10 9.01 8.99 9.00 0.03 
• length(cm) 7.80 8.00 7.90 7.60 7.87 0.04 

• W111h(eml \.02 1.20 t.\4 \.06 t.\1 0.03 

4. Fo\llh <re~ta~sal 

• W.~l\~gm) 8.17 8.98 8.92 8.87 8.88 0.04 
• leng\ll (cml 7.90 a1o 8.00 7.90 7.97 0.04 

• \\ld\1\(cm\ \.01 1.22 t.\5 \.07 1.\\ 0.04 

5. F\ffi'lmela\arsal 
• Welil\tl9ml 4.86 5.05 4.99 4.91 4.95 0.04 

• llflllh(cml 6.70 6.90 6.80 6.70 6.17 0.04 
• W411\(cm) \.63 0.112 0.16 0.70 0.97 02\ 
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Table 18. Mean and S.E. of dlffe~nt parameters of proximal phalanx 

Parameters Sleteton t Skeleton 11 Skeleton Ill Skeleton N 

Ser.ooddigit 

• We~ht (gm) 2.35 2.81 2.48 2.42 

• length (an) 2.80 2.70 2.10 2.60 

• Wllth (an) 0.80 t.t2 0.93 0.84 

Thlrd~gl 

• Weight~m) 2.85 3.15 3.02 2.94 

• le"lfh (an) 2.90 3.20 3.00 2.90 

• Vidth(an) 0.90 1.20 1.07 1.00 

3. Fourthdigil 

• Weig~~m) 3.02 3.27 3.14 3.05 

• length (an) 2.90 3.20 3.00 2.90 

• Vidth (an) 0.91 1.18 1.14 t.Ot 

4. Fifth digit 

• Weight(gm) 2.43 2.68 2.55 2.48 

• length (an) 2.50 2.70 2.60 2.50 

• W<ith(cm) 0.80 1.12 0.96 0.88 

Mean S.E. 

2.51 0.10 

2.65 0.02 

0.92 0.07 

2.99 0.06 

3.00 0.07 

1.04 0.06 

3.12 0.05 
3.00 0.07 
1.06 0.06 

2.53 0.05 
2.57 0.04 
0.94 0.06 



Table 20, M&ln and S.E. of dl"orent paramo\oll ol d~lol ph alan• 

\S.Mo, Parametera Sk~lot;on I S ko~ton 111 Slelelon Ill Slololon IV M"n S.E. 

\I Swlnd~~l 

• We~nl(gln) 079 1.06 0.91 085 0.10 005 

• l.engih(cm) lAO I .SO 

\ 
1.50 1.40 1.47 0.~ 

• Wlllhlanl 110 2.16 2.01 ~~ 200 0.05 

2. 'tllrd.ilgi\ 
\ • Weill\~ 1.21 1.46 1.33 1.26 1.31 0.05 

• i<flllh (cm) \,Ill 1!0 1~0 \.Ill \.60 0.07 

• \\ldil(cm) t'IO ·2.~ 2.23 217 l.ll 0.05 

3, fourt11d\q1\ 

• W"ghl~nil Ill 1A9 I \.3& 1.2e \3<1 0.06 

• le11111l(C!'l 1,10• 1.80 1.10 \60 167 0.~ 

• I'M~(cm) ~\0 2.37 2.27 uo 2.23 0.05 

4. F\111\~g\1 

\ • W"9hl(~n) 1.14 Ill 1.16 1.2.0 \25 0.05 
o l.ec1Qui(Cill) \.50 \.Ja 1.60 \.!0 fbl 0.~ 

• w.llh(CIIj 100 2.2!1 2.1l 2.09 2\l 0.00 
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DISCUSSION 
Scapul a: 

The lateral surface of the scapula o f leopard had well developed 

scapular spine. which divided the surface into 2 eque l areas . The present 

observation Is accordance with the report of Panday st. al. (2004 ) In lion. 

Bordolol et. eJ, ("1998) and Pandit (1994) in tiger. The acromion process, 

which was blunt and overhanged the glenoid cavity. Small metacromlon 

process was also present. The characteristic features of the scapula of 

leopard r esembled to that of tiger. (Pandit, 1994). Maximum width o f 

supraspinous fossa and Infraspinous fossa were 4 .92 ::1: 0 .37 em and 6 .25 ::1: 

0 . 26 em which were little lower than in lion ( 5 .38 ::1: 0.06 ern and 8.45 ::1: 0.18 

ern). respectively reported Panday el. al. (2004). Borders of scapula 

resembles with that of dog except cauda l which was straight and thin in 

leopard whereas s traight end thick in dog (Sisson, 1977). 

The scapula of leopord differs from that of dog by i ts undulating 

supraspinou s fossa .. The metacromlon process was present about 2.8 em 

behind the acromion process whereas in case of dog metacromlon process 

was just above the acromion process (Raghvan. 1964). The subscapular 

fossa of the scapula of the Jeopard was undulating whereas In case of lion, It 

was very deep near glenoid covlly (Ppndny o t . ol. 2004). 

Hurno ru•: 

The medial surface of the shaft was wide at Its upper part and 

n arr ower dis tally. Lateral surface was smooth, convex and twisted and 

separa ted from the cranial surface by deltoid surface. The presence of 

comparatively wider biciipitsl groove In the proximal extremity may probability 

due to for giving passage to a thick a tendon of bleeps brachl/ muscle. 

comparatively the wider medial , lateral, crenlal and caudal surface of the 

shaft provides lodgment of comparat ively thick muscle than the dog. Since 

the leopard Is more fast running animals than the dog. 

At distal extremity, there was no supratroch ler formena as 

reporte d by Sisson (1977) a nd Evans and Christensen ( 1979) in dog. Just 

above the medial condyle an oval shaped small lnterossous apace recorded 
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~a~h:/ :~~~~;~;~~e:;;:~d.conflrrn t h e r eport o f in tiger ( P a n dit. 1994 ) a n d 

Radi u s and u lna: 

Radius: 

T h e r adius bon e of leop ard was flatte n e d cre nio~coudally end 
p laced c ra niO· I'Tiedle i to the u lna. T h e c rania l s u rface was s lig htly convoK with 

rough s m a ll emine n ces. The la teral b order w as s t raig h t and ro ug h a t i ts 

m iddle third. The media l border w as b lunt, smooth a n d s lig htly convex almfla r 

mor p h o logy o f la te r a l a nd media l border h os been d escri b e d by Pondit ( 1 994 ) 

i n tiger . 

Proxima l 8Ktremity was muc h s m a ller than the d ista l e xtremity 

a n d h ad oval . con cav e facet s u r r oun ded by a r im. D ista l extremity o r r adius 

consi s te d o f concave carpal articu la r surfoce w hich was wide la terally and 

n arrow s m edia lly . Us m edlo/ border h ad project ion distally fo rming s ty loid 

p rocess as reporte d in d og, Sisson (1977) and In tiger , Pandlt ( 1 994). The 

semilunar notch was smooth , h a l f moon shaped concavity which faced 

c r a n ia lly as In d og (Evan s end C h rist e n sen. 1 979) . 

Ulna: 

U l n a was longer than the radiu s In case of leopard. It w aa 

f letten e d . m edlolete ra lly . Cronlal b order w as thick In upper part then g radually 

becam e t h in and te rmin a te d In the for m o f s tyloid p r ocess. The o lecran on 

p osses 3 tuber c les. The caudo l tuber c le was la rgest . S im i la r- rep ort h as been 

stated b y S isson (1 977) In dog. T h e la te ra l aurface o f olecra n o n p rocess w a s 

r o u g h a n d e le v ated whereas medlol s u rface w as StnOOt h a nd concav e . 

Car pa ls: 

T he carpa l bon es of the leopard were seven in numbe r 

a rranged In the p ro,Ornal a nd d lstpl row. The b ones o f t h e p ro )(imal ro w were 

rnte r i'T'I&dloradial , u l n ar a nd accessory ca rpals. T h e ca rpe ls of the dista l ro-w 

were firs t. second , third a nd fo u r th. The p resent o b seNat ion tallies w ith t h e 

report o r (Sisson , 1 977) in t h e dog whereas P a nctit ( 1994 ) describecl th e radia l 

carpa l as a sep a ra te b o n e In th e tiger. T h e accessory car pa l o f t he leopard 

was constric ted ;., the m iddle e)(panded at bot h the extremities whereas 

6 4 



Sisson (1 977} sta ted that accessory carpal of dog was cylindrical in shape. 

Evans and C hris tensen (1 979) s to te d that accesSOIY carpal w as t runca ted rod 

shaped bone in the dog. Pandit ( 1994) s tated t h a t eccessory cerpel bone was 

a small. rod shaped bone i n the tiger. The first carpe l was observed as a 
fl attened and smallest bon e of second row in the leopard. Sisson (1977). 

Evans and Chris te n sen (1979) i n the dog and Pandit ( 1 994) In tiger also 

reported first carpa l as s mallest carpa l bone in th e distal row. The gross 

morphology o f the v.tedge s haped second carpal bone In the leopard 

observed In the present study v.tas In accordance with that of Sisson ( 1977). 

Evans and Christensen (1979) In the dog and Pandi t {1994) in lfger . The 

present observation made on the third and fourth carpal of th e leopard tallied 

with tha t o f S isson ( 1 977), Evan s a nd Chris te n sen (1979) In the dog and 

Pandit (1994) in tiger 

M etaca rpa ls: 

I n th e leopard , metacarpal s bones were five In number. The 

metacarpal 1 bon e was shortes t and thinnest amongst a H metacarpals. 

The p resent observa ti on v.tas i n accordance with that of Sisson 

(
197

7) and Evans and Chris tensen (1979) In dog and Pan dit ( 1 994) In tiger. 

Phal anges: 
The a rticula r surface of the proxfma/ phalanx w as deeply 

concave. The present s tudy tallied with t h e report of Sisson (1 977} in d o g . 

The middle phal a n x was absent in the firs t digit of leopard as a l so has been 

stated by Sisson ( 1 977) a nd Evans and Christensen (1979) In dog. The 

proximal articu ler surface con sis ted of two concave facets separated by a 

faint sagittal g roove as described by S isson ( 1 977) In dog. The ungul process 

of distal phal a nx wss in the form of thin, triangular plate with a broad b ase 

and pointed apex. The p resent study resembled with t h e finding o f Evans and 

C hristen sen ( 1 979) in dog who r e p orted that dista l part of d istal pha la n x was 

;n the form of compressed cone. 
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Osaa Coxarum : 

Oaae Coxa rum or leopard was ·Colnprlaed o r os coxae o r both 
sides. Each os coxae consisted of U/um. Ischium and pubis. 

Ilium -

Ilium was p laced In o vertical direction p aralle l t o each o ther . 

The lateral surface/ g luteal surface or the Ilium was deeply concave. The 

rnedlel surface ...,as rough and hod ot I ta lo...ver part. elon gated curved . bean 

shaped racet. The present observation tttllled ...,fth the description of Ulurn of 

tiger (Pandlt, 1 994) 

Ischiu m -

The Ischium was much smaller than the ilium and presented In a 

twisted appearance. The pelvic surface was smooth and concave to 

occommodate t h e organ a or the pelvic cavity. The ventra l surface -as rough 

for muscular attachn1ent. The gross morphologica l fea tures- of the Iah ium 

observed i n the presen t s tudy resemb led to tha t of tiger, (Pandlt. 1994) and 

dog, (Sisson, 1977). 

P u bra-

T h e pelvic surface was concave w h ich had Increased the 

volurnt:t or pelvic cavity whereas ventral surface was slightly convex for 

attachment o f muscles. The gross mor p h o logy o f the pubis of leopard 

r esembled to that of tiger , (Pondlt , 1994) and dog (Evan s and Christ e n sen, 

1979). Tho articular focet for articulatluon with the w ings sacrw n was bean 

shaped In leopard w h ereas the o rt icurar area has been roported aa comma 

s h apod In tiger, (Pandlt, 1994). In tho loopord, the conjugate diameter of 

pel vic m easured was 6 .9cm . T r ansverse diameter wos 5 .2 em and 

ve rtical/obliqu e diameter was 4 .9 em. 

F e mur: 

Fen1ur was tho longest bone in the sppon dieular skeleton of 

leopard. The s h a ft was regularly cylindrical except at t h e eKtremltloa . The 

presen t study tallied wft h tho report of Pandit (1994) in tiger. It was strong, 

heavy and cylin drical bon e . The cra n lol . medial and lateral surfacos were 
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smooth except proximal end of the cranial s urface. which was r ough . The 

caudal surface was rough in its upper third and SITIOOth and expanded at its 

lower third wherea s Roy (1996) re porte d that caudal surface woa fl at and 

smooth i n leopard. The lesser trochanter WD!:l in the form of a rnatl tuberos ity . 

The proxima l extremity of femur was comprised o r h ead, grea te r 

trochanter and deep trochanteric fossa. The mean circumference of the 

proximo\ and d ista l extremities was measured as 12.30 em and 14.92 em , 

respectively where as Roy (1996) recorded 11 .2 e m aond 14.00cm In th e some 

species. Trochanter major w as lower in position than the head. The h ead or 

femur was s mooth , spherical and place d rnecllolly elmilar to tha t or tiger, 

(Pandit, 1 994). The femur of leopard w as comprised o f three trochante rs, 

trochanter major trochanter m i n or and third trochanter. The present 

o b servation coincided with tha t of Pandlt (1 994 ) i n t iger. Sis son (1977) and 

Evan s and Christensen (1979) has reported IWo trochenterln dog. 

Distel extremity of femur was larger than proximal ext re m ity. 

The medial r idge was slightly lower in posit ion than the lateral r idge. The 

artic u lar surface o f t h e trochlea was wider. The lateral condyle was s l ightly 

higher than tho rnodlat in case of leopard. T h e late ral condy~ wos 1Jilghtly 

lower In posit ion than the medial condyle . The medial condyle was regular 

and more convelC than the la teral condyle whereas Evan s a nd C hris te n sen 

( 1979) reported that the medial condyte was s m a ller and tess convex than 

that la teral condyle in d og . 

Pate lla woa tho l arges t sesornold bone of the opppendiculor 

s keleton of leopard. Tho cranial surface woa rough and conv ex at its upper 

part whe reas caudal s urface was a lmost flal and slightly raiaed In the d orso­

ventral direction . Bose o f pate lla w as w ider a n d much thicker than tho opex. 

Both media l and lateral borders were shorp and converged at the apex . S imilar 

o b servation was recorded by Sisson (1977) in dog, Pandit (1994) in tiger and 

Kirberger e t Bf. (2003) in lion. 
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Tibia was larger t h an the fibula. The s haft wae p r isfTlatle at i ts 

upper 213' .. end more or loss eytindrleat at Its lower 3' .. resembled with that of 

llger (Pandit . 1994). 

The proximal extremity was much larger than the distal 

extremity. It was comprised of medial and later a l condyles. Popliteal notch 

was distinct on the caudal ospect or the proximal extremity between two 

condyles and resembled with that o f tiger, Pandit (1994). The length of the 

medial condyle was more (3. 32 :I: 0 . 12 em) was more than the la lerttl condyle 

(2 .97 :1:: 0 .08 em). whereas w id t h of media l condyle (1 .70 :1::0. 10 em) was less 

t.han the lateral condyle (1 .92 :1::0.12 em) . The media l and la tera/ s pines were 

more or tess san-te heigh t and It tallies with the report of tiger Pandit (1994) In 

tiger. The condyles of proximal extremity of tibi a or leopard were larger than 

that of dog. 

T h e distal extremity was comp ressed medic-latera lly and hod 

two articular facets . The present observation on the tibia of leopard coincides 

wit h the description on tibia of dog (Sisson. 1977) except that llbia o f leopard 

as whole was more massive. The popliteal lines were more prominent. 

Proximal and distal extremity wos larger . The t ibial crest was thicker In 

comparison to that of dog (Sisson, 1977). 

F i bula: 

Fibula or the leopard was thin . The shaft was in-egular , f l a ttened 

IT'Iedlo laterall y and curved distally . It presented three surfecea medial . lateral 

and caudaL The cronlal border was sharp i n the upper 213"" · 

The proximal extrem ity was convex and compressed 

transveraely. Laterally, there were two eminences viz. cran iol ond caudal 

separated by a ve rtical sulcus and resembles t o that of tiger (Pandit , 1994). 

T h e distal extremity was also compressed medio-lateraUy and 

much thicker than proximal extremity and ta llied with that o f dog (Sisson. 

1 977). 
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Tars• ls: 

Body of Ublal tar•al had cranlo-proxirnaUy located trochlea. 

Simila r flndinga had been reported In dog by Sisson (1977). Head was 

directed rnedlo-distally and was in l ine wilh that of Pandlt ( 1 994) in tiger who 

reported that the head of tibial ta r sal was distal ex1ension of the bone 

separated by • constricted neck. The dorso medial side of the sustenculum 

tall of fourth tarsal had a concave. oval facet for articulation with the tibia l 

tarsal and the present study t a iHed with the finding of P o ndit (1994) In tiger. 

The fourth tarsal was thick . massive bone the present observation supported 

the statement of S isson (1977) in dog and Pandlt (1994) in tiger. 

Metatarsa ls: 

Shaft of 11 metatarsa l was prismatic proximally and fla ttened 

dist a lly. The present s tudy contraindicated the study of Pandit (1994 ) in tiger . 

Who reported that second metatarsal o f tiger was thin cyllndricol rod shaped 

curved bone. 

Pha l anges: 

The first digit was absent in the hindlimb and the present findi ng 

was In line wHh th a t o f Pundit (1094) in tiger. Who a lso reported that. there 

was only four digits of the tige r . The flrst one was being ob-nt. 
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the sharp styloid process of the radius . Ulna was longer t h an !he radius and 

was flatte n ed medlo - laterolly. O lecranon process had three tubercles. The 

caudal tubercle was largest. Thore were seven carpal bones arranged In the 

p roximal and d istal row. The metacarpa l bonea were five In numbar. The 

fl'lOtacarpal I was shortest a nd thinnest among a ll metacarpals . Each digit was 

consisted of three phalanges in which proximal phalanx was longest . The 

middle phalanx of the flrst digit was a b sent . The unguis were five In number i n 

forepaw. 

Hindlimb 

Each os--coxae consisted of i lium. Ischium and pubi s . The 

glutea l surface o f the Ilium was deeply concave while media l surface was 

rough and had at Its lower part. elongated curved. bean s haped focet for 

articulation with the wings of the sacrum. Ischium was much smaller than the 

Ilium and h ad twisted a ppearance. The acetabular part was vertical while 

symphysical part was horl<~:ontal. Trochanter major o f p roximal extremity o f 

femur was lo w er in posllion than the head. Trochanteric ridge connected 

greater a nd lesser trochanter a nd was less oblique. The shaft o f femur was 

uniformly cylindrical. The circumference of the Sllaft was 7 .17 :1:: 0 .15cm. 6 .55 

:t: 0 .06 em a nd 7 .97 :t: 0 .22 em a t Its upper. m iddle and lower p art. 

rospoc Uvely. The mean le n g th , width and maximum thickn ess Of the patella 

were 2 .92 * 0 .17 ern, 2.35:1::0. 1 5 ern and 1 .25:1::0.12 em. respectively . The 

proximo! extremity of t ibia w as much larger than the diatal e)(1re mity and had 

rnediol and lateral condyles. The sulcus muscularis o n the c rania l aspects of 

the la teral condyle woe shallow. Fibu la was thi n a n d s lig htly s horte r than the 

tibia. The number o f tarsal bonos was seven viz. tibial ta r sal , fibular tarsal , 

centru l ta rsal . first. second, third and fourth tarsal a r ranged In two t ranaverse 

rows. M etatarsals were comparatively longer than the metacarpal bones . The 

firs t digit w as absen t In the h lndpaw a nd unguis wero four In number. 
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Conclusion: 

The following conclusions were drown out of the present s tudy . 

• The gross morphological a nd morphometrlcal parameters 

establ ished. 

• The major bones of leopard differentiated on gross morphological and 

morphometrical parameters with the bones of oth e r species. 

.. The information obtained by the study will be o f academic impo rtance. 

• The d ata base o f !he p r esent study will be helpfu l as o n aid In wildlife 

forensic for conviclion of !he poacher in the court of law. 



Suggestions: 

G ross morphological featu res a nd measur e m en ts of sch edule· ! animal 

s h o uld b e s tudied f o r pre p aration o f a complete database for species 
identifica tion . 

2 . Comparative ost e tological s tudies o f major bones o r sch edule · ! 

a n imals o f W ildlif e Protection A c t 1972 s h ould be carried out. 

3 . Radiological study of major bones of leopard may be u sefu l fo r 

identification a n d determin a lio n of age. 

4 . M icroscopic anatomica l charact e ristic of c ross section and longitudinal 

sect ion of major bones may be use ful for Identification o f species . 

5 . Similar s tudies on characteristic features of axial skeleton of leopard 

should be carried o u t . 

6 . The forest department mus t develo p linkage wit h t h e Department o f 

Wildlife H e alth a nd Management. College of V e terinary scien ce and 

Animal Husbandry. Jabalpur for advance s tudies on different 

paramete r s of bones o f Impo rta nt native wild s pecies to develop data 

base as an aid In Wildlife Forensic. 
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