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SUMMARY: Recent excavated skeleton of an adult female Asian Elefaphas maximgsdied in dystokia in Bangladesh
was used for macro anatomical study. Some unique morphological features of bones of hind limb were observed. Pelvic oemal was m
oval and the wings of ilium were wider. Rump slope was abdut/3&yle between femur and tibia was close t0°186 Femur, the
major trochanter was located at the lower level of head. Minor trochanter, fovea capitis and trochanteric ridge wereadosemdy&id
fossa was shallow but the intercondyloid fossa was deep. Posterior surface of patella possessed a blunt vertical ridgé&arThe art
surfaces of both tibial condyles were clearly concave. The tibia and the fibula were articulated proximally and distagpimighak
wide interosseous space. Instead of tibial tuberosity, there was an elongated triangular depression in proximal pare. Sikeéaesakr
bones arranged in three rows. The comparative size of the distal tarsal bones were IlI+IV > | > Il. The comparative teegths of
metatarsal bones were Il > |1 > |V > V> |. Digits | and V were the most vertical and digit Ill was the most horizontabxiimealpr
phalanx was the biggest of all.
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INTRODUCTION

The elephant is the largest living terrestrial mammalkody. Therefore, the aim of this study was to give a detailed
Asian elephantElephas maximysthe wide-ranging mega anatomical overview of all bones of hind limbs and to
herbivore, is commonly found in 13 Asian countriegontribute to current knowledge in this field.
including Bangladesh (Shoshani & Eisenberg, 1982).
Usually elephant is digitigrade on the forefoot (as the
hippopotamus and the tapir) and semiplantigrade on tMATERIAL AND METHOD
hindfoot (Mikotaet al, 1994). This quadruped elephant have
a similar hind limb design to bipedal human in compare to
long femur, short tibia and large functionally plantigrade About 3 years ago a female elephant died of dystocia
foot (Weissengrubeet al, 2006). Moreover it exhibits si- in Dulahazra Bangabondhu Safari Park of Cox’s Bazar,
milar total limb protraction and retraction angles to humaBangladesh. The elephant was buried in an isolated place of
(Seyfarthet al, 2003). It cannot trot or gallop due to thethe safari park with aseptic measure. Recently the deep burial
almost vertical orientation of the bones of the limbs like th&as excavated and bones were collected with a sequential
pillars or legs of a table whereas angular position is seendfgler. The collected bones were washed under running tap
many other quadruped mammals. The elephant has af¥ater rubbing with a brush to remove the mud. Then it was
greatly expanded almost vertical pelvis like human whictiipped in detergent water for 2 hours for removing the dirt.
makes it difficult to identify the sex from the rear view. Thes# was dried with sunlight for seven days. For gross biometric
unique morphological features are related mainly to supp@ttdy length, width and circumference were measured in
the enormous body weight of the animal (Weissengrebercentimeter using a metallic scale. The height of the pelvic
al.). So, their feet are probably the important parts of thet@nal (conjugate diameter) was determined from the verti-
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cal measurement between the sacral promontory to ttiee middle and prismatic distally. The cranial, medial and
cranial border of pelvic symphysis (Koenig & Liebich,lateral surfaces were continuous and smooth (Fig. 2). The
2009). The width of the pelvic canal (transverse diameten)ide proximal extremity consisted of a head, neck and a
was measured from horizontal measurement between thechanter. There was spherical smooth head without fovea
interior surfaces of the left and right ilial shafts (Nogalski &apitis (Fig. 3) which was dissimilar with cattle, sheep, goat
Mordas, 2012). Thus the pelvic inner area was estimatedhere fovea capitis was located in the middle of the head of
from the product of the height and width of the pelvic canadlemur (Getty). Circumference at the base of the ball was 38
Pelvic length (Hh Hp) was the oblique diameter betwearm whereas at constricted neck it was 32 cm. A large
the hip bone and the pin bone (Nogalski & Mordas)uberosity called greater trochanter was situated at the late-
Difference between height at hip and height at pin (Hh-Hpal aspect of the proximal end and its summit was placed
was determined by deducting the height from foot to pinbora@most in lower level than the head unlike with large
(ischial tuber) from the height from foot to hip (sacral tuberyuminants where the greater trochanter was located at a
Rump angle (a) was determined as the slope of the rumigher level than the head. The neck was distinct as in smaller
from hip to pin, taking into account pelvic length (Sin asspecies (Dycet al, 1996). There was absence of trochanteric
Hh-Hp/HP) (Nogalski & Mordas). Width at hips was theminor and third trochanter in femur. The medial surface of
horizontal measurement between extreme edges of hip bottes greater trochanter was excavated to 4 cm deep
and width at pins was the horizontal measurement betweeochanteric fossa but no trochanteric ridge was found along
pin bones. Width at trochanters was measured from the hibe length of the bone. The distal extremity consisted of
rizontal measurement between the hip bones at the leveldi§tocaudally projected two large rough condyles and a
greater trochanters. cranial trochlea. The oval shaped medial condyle was larger
than the elliptical lateral condyle. Supracondyloid fossa was
indistinct. The lateral and medial condyles had average length
RESULTS AND DISCUSSION and breadth of 12 cm and 8 cm; 17 cm and 8 cm respectively
(Fig. 4). Between the two condyles, a broad, oblique, rough
and wide inter-condyloid fossa was present as in small
Pelvic girdle. The pelvic canal in female Asian elephantuminants (Nickelet al, 1986). The length and width of
was fully rounded as the conjugate and transverse diamataer-condyloid fossa was 7.5 cm and 1 cm respectively. The
was same, 40 cm in each. Nogalski & Mordas stated that tsraooth wide trochlear groove had a length of 5 cm and
pelvic canal in Jersey cows was oval and laterally flattenddeadth of 2.9 cm. It was bounded by two parallel sagittal
whereas in Holstein-Friesians it was more oval islightly oblique ridges - the medial and the lateral - of which
appearance. In this study rump slope was 36(Ef. 1) the medial one was more prominent. This feature is similar
but in Jersey cattle (n= 45) rump slope wast2.95° to that of large ruminants but with small ruminants where
(Nogalski & Mordas). The gluteal surface of os-coxae wasoth ridges are equal (Getty; Nicket al). In standing
wide and convex whereas in cattle it was concave (Getglephants, the angle between femur and tibia, which is close
1975). The ischeal arch was wider and deeper. The tuler8C, differs to the half-bent posture in most mammals. A
sacrale was separated from the opposite angle by a shosiarilar ‘extended’ knee posture occurs only in the bipedal
interval. The coxal tuber was projected cranially. The wingsumans (Weissengruber al.).
of ilium were wider and its dorsal border was convex. Width
at extreme edges of hips, at ischial spine and at pins watella. The patella was elongated oval in shape, with an
102 cm, 51 cm and 19 cm respectively. All three tuberositieserage length and breadth of 11 cm and 8 cm respectively
were in equal distance. Both internal and external pelvi€ig. 5). The anterior surface was convex and rough while
diameter was found larger. Pelvic inner area was 1520 cntBe posterior smooth concave articular surface was
The obturator foramen was large and oval in outline. Pelvatibdivided into a medial and a lateral facet by a blunt verti-
length and pelvic floor length was 58 cm and 29 cmal ridge similar to human patella (Dra&eal, 2010) but
respectively. Difference in height at the hip bone and thdissimilar with large ruminants where they have prominent
level of greater trochanter was 24 cm whereas differencevartical ridge (Getty).
height at hips and pins was 34 cm.
Tibia and Fibula. The tibia was thicker than the fibula with
Femur. Femur, the longest bone, had average length of &4ength of 48 cm and 47 cm respectively. The circumference
cm and comprised of a cylindrical shaft, a proximal and & proximal, middle and distal end was 48 cm, 36 cm and 23
distal extremity. The circumference at proximal, middle andm respectively. The tibia was articulated proximally with
distal end was 38 cm, 17 cm and 57.5 cm respectively bufatur, proximal end of fibula and distally with distal end of
greater trochanter it extended to 50 cm. It was cylindrical fibula and talus like dog (Getty) and human (Drakal).
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Fig. 4. Condyle of femur 1. Medial
condyle 2. Lateral condyle.

Fig. 1. Rump slope (a). Hh- height at hip (coxal tuber) Hp-height

at pin (ischial tuber) HP- pelvic length. Sin a= Hh-Hp/HP 'g. 2. Femur of an

Asian Elephant 1.Head
2.Neck 3. Greater
trochanter 4. Lateral
condyle 5. Medial
condyle

The articular surface of the proximal aspect of the tibia was Fibula, the long and slender bone, was located on the
roughly heart-shaped in outline when viewed proximallycaudolateral side of the tibia. Its circumference at proximal,
The tibial tuberosity was absent and was replaced by amddle and distal end was 20 cm, 12 cm and 10 cm
elongated triangular depression guarded by two oblique ridgespectively. Its small proximal extremity was located below
which furnishes the attachment of patellar ligaments (Fithe level of the stiffle joint but the lower extremity was
5) dissimilar with horse, ox (Getty) even human (Drake projected below the tibia that formed the lateral part of the
al.). In proximal extremity, the medial condyle was largehock joint (Fig. 7). It was attached with the tibia proximally
of the two (Figs. 5 and 6). The small intercondylar eminen@nd distally keeping a wide interrosseous space along the
divides the intercondylar area into lateral and medial patiody. Proximal tibiofibular joint was formed between the
The articular surfaces of both condyles were concavendersurface of the lateral tibial condyle and the head of
particularly centrally. The superior surface of medial condyli#ula and the distal tibiofibular joint was formed by the
was oval in outline and extends laterally onto the sid®ugh, convex surface of the medial side of the distal end of
of medial intercondylar eminence (Fig. 6). Unlike those ithe fibula, and a rough concave surface on the lateral side of
most other mammals (including humans), the articuldhe tibia like human (Draket al).

surfaces of both tibial condyles were clearly concave in

elephants (Smuts & Bezuidenhout, 1994). The distal endlarsal Bones There were six tarsal bones arranged in three
of the tibia and fibula articulate with the proximal end of theows like the number and rows of tarsal bones of horse
talus. The articulation between the tibia and the talus bear@ktty) but differs in only in number with human (Dradte
more weight than between the smaller fibula and the talual.) where they have seven tarsal bones. The bones of the
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Fig. 7. Distal articular surface of Tibia and fibula 1. Distal
tibial articular surface 2. Distal fibular articular surface.

Fig. 5. Patella and tibial tuberosity 1. Patella 2. Tibia|
depression 3. Medial condyle of tibia 4. Lateral condyle @
tibia.

Fig. 8. Pes 1. Central tarsal bone, 2. Tarsal I, 3. Tarsal Il, 4. Fused
tarsal Il and 1V, 5. Metacarpal I, 6. Metacarpal Il, 7. Metacarpal
I, 8. Metacarpal 1V, 9. Metacarpal V

pes arenore horizontal, almost like a human wearing high-
heeled shoes, as the calcaneus raised from the floor by the
fatty foot pad (Milleret al, 2008). The proximal row
consisted of the tibial tarsal (talus) and the fibula tarsal
(calcaneus) bones. Talus, the second largest of the tarsal
Fig. 6. Proximal articular surface of Tibia 1. Medial articular Pones, was irregular in form but there was no spiral
surface 2. Lateral articular surface 3. Tibia 4. Fibula trochlear groove as like large ruminants (Getty). It occupied
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the middle and upper part of the tarsus, supporting the ttiree phalanges in each (Smuts & Bezuidenhout). Variation
bia above, resting upon the calcaneus below. The calcang&usumber of phalanx may be due to loss of small bones
was the largest of the tarsal bones. It was situated at theing the time of collection or may be species difference.
lower and back part of the foot, serving to transmit th®igits three and four were larger than the others. The
weight of the body to the ground. It was elongated arfdnctional consequence of the shape of the pes is that digits
formed the point of the hock. It had two major parts, B, Ill and IV act like the three supports of a tripod, in contrast
caudal part that formed the calcaneal tuber (point of thethe more unified column of the manus (Mikéral).
hock), and a cranial extremity which bore a facet for
articulation with the fused third and fourth tarsal. In middle
row there was a central tarsal bone and the distal row ©@ONCLUSION
bones from medial to lateral consisted of tarsal I, tarsal Il
as well as a fused tarsal Ill and IV (Fig. 8). The comparative
size of the distal tarsal bones were Il + IV > | > |l (from The anatomy of the bones of limbs of elephant is
the largest to the smallest). unique. This study will provide a better understanding of

the relevant anatomy that is essential for radiographic
Metatarsal bones There were five metatarsal bones lyingnterpretation, foot and leg disease recognition and treatment
between the tarsal bones and the phalanges. The relative sjions.
of the metatarsal bones were Il > 1l > [V > V> | with the
length 10 cm, 9.5 cm, 8.5 cm, 6 cm and 3 cm respectively
(Fig. 8). Digits | and V were the most vertical and digit IIACKNOWLEDGEMENTS
was the most horizontal which supports the findings of Miller
etal

The authors are grateful to the Chief Conservator of

Digits. Five digits were present and each digit bearded tvkprest, Bangladesh and the authority of Bangabandhu Sheikh
phalanges except first where there was only one phalakiujib Safari Park, Dulahazra, Cox’s Bazar, Bangladesh for
(Fig. 8). But in African elephant digit Ill and IV beardedtheir kind cooperation.
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RESUMEN: Fue utilizado para su estudio anatdémico macrocroscoépico, el esqueleto de un elefanteEsj#ia® haximys
hembra adulta, excavado recientemente y con muerte por distocia en Bangladesh. Se observaron algunas caracteristics morfologic
Unicas de los huesos de los miembros posteriores. El canal pélvico era méas ovalado y las alas del ilion eran mas antgiinte Ha pe
la rabadilla era de unos 3éproximadamente; el &ngulo entre el fémur y la tibia era proximo a lbs BEB8@I fémur, el trocanter mayor
se encontraba en el nivel inferior de la cabeza. El trocanter menor, la fovea capitis y cresta del trocanter estuviesobaafosente
supracondilea era superficial, mientras que la fosa intercondilea era profunda. La superficie posterior de la patelagrestia una
vertical sobresaliente. Las superficies articulares de ambos céndilos tibiales eran claramente concavas. La tibiae datitolda s
proximal y distalmente, manteniendo un amplio espacio interéseo. En lugar de la tuberosidad tibial, habia una deprelsion triangu
alargada en parte proximal. Se observaron seis huesos del tarso dispuestos en tres filas. El tamafo relativo de loarsoeistbel
eran lll + IV > 1 > |l. Las longitudes comparativas de los huesos metatarsianos fueron Ill > Il > IV >V > |. Los digithsergrMos
mas verticales y el digito Il fue el méas horizontal. La falange proximal fue la de mayor tamafio.

PALABRAS CLAVE: Elephas maximus; Pelvis; Femur; Patella; Tibia; Digito.
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