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Abstract:

Lumbar vertebrae morphology in adult chinkara is not studied yet. We hypothesised that the lumbar ver-
tebrae morphology of the chinkara would be a typical example of fast running ungulates. This study was
designed to study gross morphological and basic osteometric features of the lumbar vertebrae of chinkara.
The study was conducted on the lumbar vertebrae of ten male and ten female adults. The gross morpho-
logical features of each lumbar vertebra were studied thoroughly, and the osteometric measurements were
done using a digital Vernier calliper. The craniocaudal lengths of the vertebral bodies were similar among
the first five vertebrae. However, in the sixth lumbar vertebra, the vertebral body length decreased and its
width increased. The height and breadth of the extermitas cranialis of the vertebral body, as well as the
breadth of extermitas caudalis, increased from L1 to L6. The pediculus arcus vertebraec were connected
perpendicularly with the dorsal surface of the vertebral body and their dorsal margins projected laterally.
The ventral margins of the left and right Lamina arcus vertebrae attached with the pedicles at 45°. The
spinous processes were mostly rectangular and similar in height except for L6, which was lower in height.
Length of spinous processes decreased from L1-L6 in both sexes. Sharp bony projections existed on
the cranial border on the tips of both transverse processes. The dimensions of the spinal canal increased
craniocaudally. Considerable morphological differences in the cranial and caudal articular processes, ver-
tebral arch, transverse processes, spinous processes and vertebral bodies were observed.
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Introduction

stronger transverse processes. Thoracic vertebrae
usually fluctuate from 12 to 15 vertebrae, where-

The lumbar region bridges the thorax with the sa- as lumbar vertebrae are between three and seven
crum and provides support for the abdominal re-  (Narita & Kuratant 2005). That is the presacral
gion. In domestic animals, the lumbar region has  vertebrae (cervical, thoracic and lumbar vertebrae)
no ribs and the lumbar vertebrae have longer and are considered to be more conserved in fast-running

"Corresponding author: dr.salahuddin@iub.edu.pk

455



Salahud D., Saima M., Hafsa Z., Hameed S., Ayesha M., Ali H. M. & Arbab S.

mammals due to pleiotropic effects on the lum-
bosacral transition (GALIS et al. 2014). The mam-
malian vertebral column is highly variable, reflect-
ing adaptations to a wide range of lifestyles (GALIS
2014). The different segments of the trunk cope dif-
ferently with a different form of gaits, in symmetric
gaits (e.g., walking, trotting) the trunk bends later-
ally (SCHILLING & CARRIER 2010). In contrast, the
lumbar region during asymmetric gaits undergoes
sagittal flexion and extension (SCHILLING & CAR-
RIER 2010, SCHILLING 2011). Some mammals use a
larger sagittal plane (flexion and extension) during
running than other mammals (BERTRAM & GUT-
MANN 2009). These species are described as ‘dor-
somobile’. In contrast, those mammals which limit
sagittal bending or restrict it to the lumbosacral
joint are referred to as ‘dorsostable’ (NAKATSUKASA
2008, Wood et al. 2011, WiLLiams 2012). The large
herbivorous mammals have been characterised as
dorsostable lumbar regions. The characteristic fea-
tures of the lumbar vertebrae are associated with
sagittal mobility and locomotor function (Koos
& LoNG 2000, PiErCE et al. 2011, MOLNAR et al.
2014, Jones 2015a). Dorsomobile species typically
have craniocaudally elongate lumbar regions. We
hypothesised that the lumbar vertebral morpholo-
gy of the chinkara Gazella bennettii (Sykes, 1831)
(Mammalia: Bovidae) will be a typical example of
fast running ungulates.

To our knowledge, there is no literature on the
specific anatomical characteristics of chinkara deer
lumbar vertebrae. The purpose of the present study
is to establish a preliminary anatomical and osteo-
metric database on the adult chinkara lumbar ver-
tebrae.

Materials and Methods

In this study, lumbar vertebrae from twenty (20)
specimens of homogeneous groups of adult male
and female chinkara (Gazella bennettii) from the
same locality were studied, to reduce differences
due to sampling from dissimilar races and sources
to a minimum (GUINTARD & LALLEMAND 2003,
CLuTTON et al. 1990). The lumbar vertebrac for
morphological studies were collected after natural
mortality from the Manglot Wildlife Park and Un-
gulate Breeding Centre, Nizampur, Khyber Pakh-
tunkhwa, Pakistan. Age and sex of all the studied
chinkara were noted at the time of post mortem ex-
amination and carcasses of males and females were
buried separately in a designated location within
the park premises to obtain lumbar vertebrae. Af-
ter a period of approximately 4 to 5 months, the
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Fig. 1. Cranial vertebra. a. Cranial vertebral body height;
b. Cranial vertebral body breadth; c. Cranial vertebral ca-
nal breadth; d. Cranial vertebral canal height; g. Pedicle
depth; h. Lamina depth; e. Spinous process length; f. Cra-
nial transverse process length.

lumbar vertebrae of each male and female chinkara
were unearthed. The gross morphological features
of the vertebrae were described using the terminol-
ogy given in Nomina Anatomica Veterinaria (2017,
6th Edition). The gross morphological and osteo-
metric readings were obtained as mentioned in hu-
man and veterinary literature (McLAIN et al. 2002,
MAGEED et al. 2013) at the University of Veteri-
nary and Animal Sciences, Lahore, Pakistan. Each
measurement was repeated three times by two in-
dependent observers and the mean values were re-
corded.

The lumbar parameters analysed were as fol-
lows:

Vertebral body (Corpus vertebrae) dimensions
(Fig. 1): 1) Cranial vertebral body (Caput vertebrae
or extremitas cranialis) breadth (CVBB); 2) Cra-
nial vertebral body (Caput vertebrae or extremitas
cranialis) height (CVBH); 3) Caudal vertebral body
breadth (Fossa vertebrae, extremitas caudalis) (CD-
VBB); 4) Caudal vertebral body height (Fossa ver-
tebrae, extremitas caudalis) (CDVBH).

Vertebral canal (Canalis vertebralis) dimen-
sions (Fig. 1): 1) Cranial Vertebral canal breadth
(CVCB); 2) Cranial Vertebral canal height (CVCH);
3) Caudal Vertebral canal breadth (CDVCB); 4)
Caudal Vertebral canal breadth (CDVCH).

Vertebral arch dimensions (Fig. 1): 1) Pedicle
(Pediculus arcus vertebrae) width (PW); 2) Pedicle
depth (PD); 3) Lamina (Lamina arcus vertebrae)
width (LW); 4) Lamina depth (LD).

Spinous process length measurements (Fig.
1): 1) Spinous process (Processus spinosus) length
(SPL).

Transverse process length (Proccessus trans-
versus, processus costalis) dimensions (Fig. 1): Cra-
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nial transverse process length (CTPL); 2) Caudal
transverse process length (CDTPL).

All anatomic values were expressed as the
mean + standard deviation (SD) and means between
male and female chinkara were compared with the
Student t-test. Analysis of data was conducted with
SPSS version 20.0 (SPSS, Inc., Chicago, IL) and
differences were considered significant at P < 0.05.

Results

There were a total of six lumbar vertebrae (Verte-
brae lumbales) in chinkara. Each anatomical feature
of the vertebrae explained in detail.

The vertebral bodies (Corpus vertebrae) of the
lumbar vertebrae were cylindrical, distinctly con-
stricted in the centre and expended on either end.
The vertebral bodies were craniocaudally lengthy
and dorsoventrally shorter. The vertebral bodies
were opisthocoelous means extremitas cranialis
convex and extremitas caudalis concave through-
out the lumbar vertebrae (Fig. 2). The ventral crest
(Crista ventralis) was in the form of a thin clearly
visible median ridge and present in all lumbar verte-
brae. The ventral surface of the body was wider and
flatter caudally from L1 to L6.

The diameter of the vertebral canal was uni-
form up to the 3rd lumbar vertebra and then cau-
dally to L3 increases both at the cranial and cau-
dal aspect in width and height up to the last lumbar
vertebra. The caudal vertebral notches (/ncisurae
vertebrales caudales) were larger than the cranial
(Incisurae vertebrales craniales) ones. The interver-
tebral foramen (Foramen intervertabrale) was
larger between the lumbar vertebrae and sometimes

forms complete lateral vertebral foramen (Foramen
vertebrale laterale) in the cranial part of the series.
The vertebral bodies (Corpus vertebrae) were cor-
diform shaped cranially while caudally it was elon-
gated sagittally (Fig. 2). The craniocaudal lengths
of the vertebral bodies were uniform in the first
five vertebrae but in the sixth lumbar vertebrae, the
length decreases and width increased.

The osteometric measurements estimated in
the present study for the CVBB, CVBH, CDVBB
and CDVBH of the vertebral body for L1 to L6 in
males and females are presented in Table 1. The
values of the cranial vertebral (Caput vertebrae or
extremitas cranialis) body breadth (CVBB), cra-
nial vertebral body height (CVBH) and caudal ver-
tebral (Fossa vertebrae, extremitas caudalis) body
breadth (CDVBB) increased from L1 to L6 in both
males and females. The osteometric measurements
estimated in the present study for the cranial ver-
tebral canal breadth (CVCB), cranial vertebral ca-
nal height (CVCH), caudal vertebral canal breadth
(CDVCB) and caudal vertebral canal height (CD-
VCH) of the spinal canal for L1 to L6 in males
and females are presented in Table 1. The values
of CVCB, CVCH, CDVCB and CDVCH increased
from L1 to L6 in both males and females, showing
that the dimensions of the spinal canal increased
caudally. The values of the CVCH and CDVCH of
the first lumbar vertebrae were significantly higher
in males (P<0.05) compared to females. The val-
ues of the CVCB and CDVCB of the second lum-
bar vertebrae were significantly lesser in females
(P<0.05) than in males. The values of the CVCH
of the third lumbar vertebrae were significantly
higher in males (P<0.05) than in females. The val-

Fig. 2. Caudal (A) and cranial (B) view of the chinkara fourth lumbar vertebrae (L4). a. Caudal articular process; b.
Vertebral body; c. Pedicle; d. Vertebral body; e. Transverse process, f. Vertebral canal; g. Cranial articular process; h.

Spinous process; i. Lamina.
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ues of the CVCH and CDVCB of the fourth lum-
bar vertebrae were significantly (P<0.05) greater in
males than in females. The values of the CDVCH
fifth lumbar vertebrae were significantly (P<0.05)
higher in males. The average values of the CVCB,
CVCH, CDVCB and CDVCH of the sixth lumbar
vertebrae were significantly (P<0.05) higher in
males, too.

The vertebral arch (4rcus vertebrae) consist-
ed of right and left pedicles (Pediculus arcus ver-
tebrae) and right and left laminae (Lamina arcus
vertebrae). The pedicles were placed ventrally and
the laminae dorsally. The pedicles were connected
perpendicularly with the dorsal surface of the ver-
tebral body and its dorsal margins were projected
laterally in chinkara. The ventral margins of the left
and right laminae attached at 45° with the pedicles.
This type of articulation of the pedicle and lami-
nae of the right and left side gave a roughly circular
outline to the vertebral canal (Fig. 2). The pedicles
were thicker than the laminae.

The osteometric measurements estimated for
the vertebral arch (pedicle and lamina) from L1 to
L6 in both male and female adult chinkara are pre-
sented in Table 2. The pedicle parameters estimated
were pedicle width (PW) and pedicle depth (PD).
The average values of the PW and PD of the first
lumbar vertebrae in males and females were 0.31 +
0.04 cm and 0.22 = 0.04 cm and 0.57 + 0.03 cm and
0.49 £ 0.03 cm, respectively. However, the average
values of both studied parameters were higher in
males than in females but this difference was not
significant (P>0.05). The lamina parameters esti-
mated were lamina width (LW) and lamina depth
(LD) (Table 2).

The spinous processes (Processus spinosus)
notified in these animals were mostly rectangular
and similar in height except for L6, which was low
in height (Fig. 2). The craniocaudal width of the
spinous processes of the first four lumbar vertebrae
was almost similar but diminishes in the last two.
The dorsal summits of the spinous processes were
pointed cranially (Fig. 3). The cranial border of the
spinous process of all lumbar vertebraec was sharp
and deeply concave. However, the caudal border
was slightly concave except in the L6, in which it
was straight. Such type of morphological arrange-
ments between the cranial and caudal border of the
spinous processes forming an oval space between
the adjacent vertebrae. A wide space was present
between the spinous process of L5 and L6. Crani-
ally the spinous process was thinner than in its cau-
dal aspect. The spinous processes were thicker at
the base and tapered towards the tip (Fig. 2). The

angle between the spinous process and transverse
process (Processus transversus) were almost 90°
in all lumbar vertebrae. The osteometric measure-
ments estimated in the present study for the spinous
process length (SPL) for L1 to L6 in both males and
females are presented in Table 2. It was noticed in
the present study that the mean values of the SPL
decrease from L1-L6 in both males and females.
The average values of the SPL of the L1, L2, L3,
L4, L5 and L6 in males and females were found to
be 2.42 +£0.03 cm and 2.26 £ 0.05, 1.87 + 0.04 cm
and 1.71 £ 0.04 cm, 2.42 +£0.02 cm and 2.26 + 0.04
cm, 2.22 £0.05 cm and 2.06 = 0.05 cm, 1.95 + 0.04
cmand 1.79 £ 0.04 cm and 2.00 + 0.04 cm and 1.84
+ 0.02 cm, respectively.

The transverse processes (Processus transver-
sus) were a long plate of the bone of each vertebra
expanding mediolaterally at right angles from the
vertebral body, flattened dorsoventrally, projects
laterally and usually tilt slightly cranially and ven-
trally (Fig. 2). Their mediolateral length increased
to the L3 and L4 and then decreases to the last one,
which is the shortest. Sharp bony projections on
both sides (left and right) were present on the cra-
nial border on tips of the transverse process (Fig. 3).
Near the vertebral bodies, the transverse processes
were wider and became tapper towards the tip (Fig.
3). Its cranial borders were comparatively thick
than the caudal ones (Fig. 2).

The osteometric measurements estimated in
the present study for the transverse process length
were the cranial transverse process length (CTPL)
and caudal transverse length (CDTPL) from L1 to
L6 in both males and females (Table 2). The val-
ues of the CTPL and CDTPL of the first lumbar

Fig. 3. Dorsal view of the chinkara third lumbar vertebra
(L3). a. Cranial end of the transverse process; b. Caudal
border of the transverse process; c. Caudal articular pro-
cess; d. Spinous process; e. Cranial articular process.

459



Salahud D., Saima M., Hafsa Z., Hameed S., Ayesha M., Ali H. M. & Arbab S.

Fig. 4. Dorsal views of the lumbar vertebrae of the adult chinkara.

Fig. 5. Lateral view of the lumbar vertebrae of adult chinkara.

vertebrae were significantly higher in males than
in females (P<0.05). The values of the CTPL and
CDTPL of the second lumbar vertebrae were signifi-
cantly higher in males (P<0.05) than in females. The
values of the CTPL and CDTPL of the fourth lumbar
vertebrae are significantly lesser in female (P<0.05).
The average values of the CTPL and CDTPL of the
fifth lumbar vertebrae were significantly lesser in fe-
males (P<0.05). The values of the CTPL and CDT-
PL of the sixth lumbar vertebrae were significantly
higher in males (P<0.05).

The articular processes (Processus articu-
lares) include cranial articular processes (Proces-
sus articularis cranialis) and caudal articular pro-
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cesses (Processus articularis caudalis). The space
between the left and right cranial and left and right
caudal articular process grossly increased caudally.
The cranial articular processes had concave articu-
lar surfaces for the caudal articular processes of the
preceding vertebrae (Fig. 2). The articular surfaces
of the cranial articular processes were elongated
craniocaudally and lie sagittally (Fig. 2). The articu-
lar surfaces of the caudal articular processes were
convex, faces laterally and slightly dorsally and lie
dorsally from the level of the cranial articular pro-
cesses on the same vertebrae. Its convex articular
surfaces fit into the grooved surfaces of the cranial
pair of the succeeding vertebra.
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Discussion

To our best knowledge, the present study is the first
comprehensive examination of the morphology and
osteometry of the lumbar vertebrae in adult chinka-
ra. Therefore, it provides thoroughly gross anatomic
details and osteometric measurements as reference
values for the lumbar vertebrae of a healthy adult
animals of this species.

It was observed that an increase in the body
size of an animal put mechanical stresses on its skel-
eton (BIEWENER 2005). The animal’s appendicular
skeleton is adapted according to its requirements,
i.e. structural allometry of long bones and soft tissue
anatomy (DAy & JAYNE 2007, DOUBE et al. 2009).
The lumbar region is exposed more to the mechani-
cal stress of the increased abdominal weight; how-
ever, its response to the increasing size is less well
studied in animals. The lumbar region of chinkara
consists of six vertebrae. However, this number var-
ies in different animals: six lumbar vertebrae are re-
ported by KumaR et al. (2000) in red deer (Cervus
elaphus), CHOUDHARY et al. (2015a) in blackbuck
(Antilope cervicapra), RAJANI & CHUNGATH (2012)
in Indian muntjac (Muntiacus muntjak). LEVINE et
al. (2007) reported six lumbar vertebrae in the horse.
Smuts & BEezuiDENHOUT (1987) reported seven
lumbar vertebrae in camels. In previous literature, it
has been claimed that a comparatively long and flex-
ible vertebral column can contribute significantly to
increase stride length and provides an additional
source of forwarding propulsion (SArRGIs 2001, FLO-
RES 2009). The lumbar region in chinkara comprised
of'six vertebrae and, therefore, being considered as a
longer lumbar region, it may help in its fast running.
This is supporting the hypothesis that the increased
lumbar size may lead to increased stabilization of
the lumbar region in the sagittal plane (PREUSCHOFT
& FraNzEN 2012).

In chinkara, the lumbar vertebral body was
cordiform; this type of shape provides a more pat-
ent area for attachment of the ventral longitudinal
ligament (VLL) (SissoN 1975a, b). This ligament
(VLL), along with other spinal ligaments, provides
regional stability (ZANEB et al. 2013) to the vertebral
column. The stronger the attachment of the ligament
is, the more stability it provides for the vertebral
column. The transverse processes extend mediolat-
erally and provide attachment for intertransverse
ligaments, epaxial and hypaxial muscles (FLOWER
1885). The length and orientation of the transverse
processes of the lumbar vertebrae influence the sta-
bility and sagittal movements of the vertebral col-
umn. The lumbar vertebrae having straighter trans-

verse processes are associated with more stabilised
lumbar regions (ARGOT 2003). The morphology
of the transverse processes elaborated in the pre-
sent study in chinkara is similar to the reports of
JoNEs (2015) on bovine. In bovines, the transverse
processes are craniocaudally wider, mediolaterally
longer and cranioventrally inclined in all lumbar
vertebrae. These features support the functions of
the longissimus dorsi muscle (HALPERT et al. 1987).
In chinkara, the transverse processes of the lumbar
vertebrae are cranially and ventrally inclined. These
morphological features (shape of the vertebral body
and transverse processes) are interpreted as an adap-
tation in chinkara. It allows the sagittal mobility of
the vertebral column easily in these animals because
such type of anatomical features synergises the ac-
tions of the parallel component of the epaxial mus-
cles on both sides (WARD & LATIMER 1993).

The last seven presacral joints in fast running
animals allow sagittal bending of the trunk dur-
ing running (SCHILLING & HACKERT 2006). The
articular processes (zygapophyses) in fast running
animals in this region are sagittally-oriented; such
type of orientation permits bending and the move-
ment is controlled by paraxial muscles (SCHILLING
2011). The anatomical features of the lumbar verte-
brae are linked to sagittal flexibility and locomotor
functions (KooB & LoNG 2000, Pierce et al. 2011,
MOLNAR et al. 2014, JonNgs 2015a). In chinkara,
anatomical features are evolved similar to those
reported in dorsomobile animals. The articular
surfaces of the cranial articular processes are elon-
gated craniocaudally and lie sagittally in chinkara.
These morphometric features of the cranial articu-
lar processes of the lumbar vertebrae allow chinka-
ra to run fast, jump and leap. These findings of our
study are also supported by the previous findings
of HARTY (2010) and BEeBEJ et al. (2012) who stat-
ed that the sagittally-oriented and relatively planar
zygapophyseal articular facets allow maximum
sagittal bending. Dorsomobile animals naturally
have craniocaudally lengthen lumbar regions. In
contrast, in dorsostable animals, the facets of the
cranial articular processes face laterally, dorsally
and ventrally, forming a c-shaped joint restricting
movement altogether (Boszczyk et al. 2001, Ar-
Got 2003, Woop et al. 2011).

Towards the sacrum, the distance between the
caudal articular processes of the vertebrae varies
in different quadrupedal animals; this distance is
increased in order to provide increased torsion to
these animals in this region (BRONEK et al. 2001).
Similar morphological trends are also observed in
the chinkara. This is also an important feature that
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makes chinkara a dorsomobile animal. The role
of caudal articular process in the range of verte-
bral movements are less understood. However, in
chinkara, the articular surfaces of the caudal articu-
lar processes are convex, faces laterally and slightly
dorsally and lie dorsally to the level of the cranial
articular processes of the same vertebra.

The spinous processes protrude dorsally to
provide attachment for nuchal, supraspinous and
interspinous ligaments as well as for epaxial mus-
cles (Bogbpuk 1980). The spinous processes of the
lumbar vertebrae in chinkara are inclined cranially.
This feature also assists chinkara in fast running. In
slow-moving animals, the dorsal spinous processes
of all vertebrae are backwards-pointing (GALIS et
al. 2014). In contrast, in fast-running animals, the
spine is flexible dorsoventrally and laterally, the
thorax is rather short and narrow and the lumbar
spine is relatively long and slender (HALPERT et al.
1987, SPOOR et al. 1988). In bovines, slow running
animals, the spinous processes are craniocaudally
long and have square spinous processes (JONES
2015).

The values of the vertebral bodies parameters
studied in the current research are fairly uniform
from L1 to L6. Similar descriptions are devised in
red deer (KuMaR et al. 2000) and sheep (Ovis ar-
ies) (MAGEED et al. 2013). However, higher values
have been reported for the same measurements in
red deer (KuMmaRr et al. 2000) and sheep (MAGEED
etal. 2013).

The vertebral canal values calculated in the
current study for both male and female chinkara
gradually increases from L1 to L6. The analogous
pattern is reported (Bar et al. 2012) in deer and
sheep for the spinal values; however, they used
only two measurements values (SCTD and SCSD).
Higher values from the present study for the same
parameters have been reported in deer (Cervidae)
and sheep (Ovis aries) (Bar et al. 2012). The PW
values showing a gradually increasing trend toward
L6 except for L5. A similar description is reported
by (BAI et al. 2012) in deer and sheep, the PDW
gradually increased from L1 to L5. The PD and LW
values are fairly uniform with minor increase and
decrease from L1 to L6; however, the values of LH
are increasing from L1 to L6. The same pattern for
the pedicle parameters in deer and sheep are report-
ed (KumMmar et al. 2000).
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Conclusion

The main purpose of this study was to provide a
complete morphological and osteometric descrip-
tion of the lumbar vertebrae of adult chinkara.
Significant morphological adaptations were found
in the lumbar vertebrae in these animals. The mor-
phological difference observed in the lumbar ver-
tebrae of the adult chinkara may be an adaptation
in these animals for fast running and long jumping
in comparison to other related ungulates and small
domestic ruminants. This study will serve as a base-
line source for studying comparative morphology of
other similar animals, especially anatomical features
of fast-running mammals.
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