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Abstract

Understanding of orbital and perior-
bital anatomy is critical to the diagno-
sis and therapy of orbital disorders.
Twenty-six cat heads were obtained
from the dissecting room in the Disci-
pline of Veterinary Sciences, College
of Public Health and Veterinary Sci-
ences, James Cook University,
Townsville, Australia for use in this
study. After macerating the heads and
cleaning the skulls they were grouped
by morphology into 15 round-headed
and 11 flat-headed skulls. In the flat-
headed group, the skulls were elon-
gated with a prominent constriction
between the cranium and facial bones
and a prominent external sagittal
crest, which extended from the nuchal
crest. Furthermore, complete to near-
ly complete fusion of the zygomatic
process of the frontal bone with the
zygomatic arch resulted in a complete
bony orbit.
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The skulls were radiographed, and a
total of 32 parameters measured for
each group: the skull, cranium, face,
orbit and mandible were compared
and analyzed. The sites of injecting
the infra-orbital, mandibular alveolar
and mental nerves were confirmed in
both groups of cat skulls.

We conclude that old age plays a ma-
jor role in forming the skull shape
(rounded versus flattened) and clo-
sure of the orbital rim.

Keywords: Morphometry, Australian
cats, Flat-headed skull, Round-
headed skulls.

Introduction

After finishing an anatomy practical,
26 cat heads were macerated for
making skeletons. It was noticed that
eleven out of the 26 skulls had differ-
ent morphological features than the
other 15. They were elongated, with a
prominent constriction between the

Vol. 9, No. 1, (2016) 1 - 24



Morphometry of Australian Domestic cat skulls

cranium and facial bones and a prom-
inent external sagittal crest, which ex-
tended from the nuchal crest. Fur-
thermore, they showed a complete to
partially fused zygomatic process of
the frontal bone with the zygomatic
arch, resulting in a complete bony or-
bit (Figs 1-3).

These observed features characterize
the skulls of the flat-headed cats na-
tive to the tropical forests of Malaysia,
Borneo and Sumatra but which have
been listed as extinct in 1985 ). The
Australian Government’s Department
of Sustainability, Environment, Water,
Population and Communities men-
tioned, for management purposes,
that cats in general are divided into
three categories: domestic (those
owned and cared for), stray (those
found roaming cities, towns and some
rural holdings) and feral cats which
survive without any human contact or
assistance. These three groups are
all of the same species (Felis catus),
but individual cats may move between
the categories “.

There are now an estimated 2,7 mil-
lion domestic cats and over 18 million
feral cats in Australia. By 2006, 26%
of households had a domesticated cat
(Wikipedia, retrieved  25/7/2014).
These skulls belonged to cats in the
domestic category as they were do-
nated to the Anatomy & Pathology
Discipline by the owners.

Hence, a question is raised about the
presence of two types of cat skulls,
and the anatomical similarities of the
flat-headed cat skulls of Malaysia,
Borneo and Sumatra to those of the
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Australian house cats of this study. Or
is the similarity simply a matter of age
differences?

Most articles and reports on the do-
mestic cats in Australia do not ad-
dress the anatomy of the different cat
breeds.

They mentioned only their number (46
recognized cat breeds)®, general
morphology and the tail length, the
colour and stripes of the coat hair ©.
The aim of this work is to establish a
morphometric database on these flat-
headed and round-headed Australian
cats and to provide guidance in the
use of these measurements for diag-
nosing and treating orbital and peri-
orbital disorders (orbital trauma, tu-
mors and abscesses); and to localize
sites for a variety of nerve blocks for
surgery and dentistry.

Material and Methods

Twenty-six skulls, including the man-
dibles, of Australian domestic house
cats were macerated and prepared in
the Discipline of Anatomy and Pathol-
ogy, Discipline of Veterinary Sciences,
College of Public Health and Veteri-
nary Sciences, James Cook Universi-
ty, Townsville, Australia. Neither the
sex nor the age of the cats was rec-
orded.

The skulls were prepared using the
boiling maceration technique for
skeleton preparation described by Si-
moens et al. (1994). The skulls were
divided according to their morphology
into two groups: flat-headed group (11
skulls) and a round-headed group (15
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skulls). Before preparing the skulls,
twelve heads were x-rayed in the
latero/medial and dorso/ventral posi-
tions using the parameters kV 80 and
58 mAs, to predict the type of the
skulls from the images before prepar-
ing the skulls.

The following external measurements
were taken from both groups as de-
scribed by Sarma (2006), Yahaya et
al. (2012) and Monfared (2013).

Skull Parameters Measured (Fig 4)

1) Skull length: Distance between
the highest point of the parie-
tals to the middle of the rostral
margin of the incisive bone.

2) Skull width: Distance between
two zygomatic arches.

3) Skull weight: Weight of the
skull (excluding the mandible).

Cranial Parameters Measured (Figs
4,5)

4) Cranial length: Distance from
the central point of the fronto-
nasal suture to the middle
point of the nuchal crest.

5) Cranial width: Maximum dis-
tance between the highest
points of the parietal bones.

6) Foramen magnum height: Mid-
vertical height of the foramen
magnum.

7) Foramen magnum  width:
Largest width of the foramen
magnum.

8) Cranial capacity.

Facial Parameters Measured (Fig 6)

9) Facial length: Distance from
the
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fronto-nasal suture to the cen-
ter of the incisive bone.

10) Facial width: Distance between
the caudal extents of the or-
bital rims.

Orbital Parameters Measured (Figs
6,7)

11) Orbital length: The perpen-
dicu- lar distance between the
supraorbital and infra orbital
margins of the orbit.

12) Orbital width: The horizontal
distance between the rostral
and caudal margins of the or-
bital rim.

13) Inter-orbital distance: At rostral
level; Distance between the
junction of the fronto-lacrimal
sutures of either side at the
rostral margin of the orbit.

14) Inter-orbital distance: At the
middle level; Distance between
the supraorbital borders of or-
bit on either sides.

15) Inter-orbital distance: At the
caudal level; Distance between
the junctions of the zygomatic
bone at the caudal margin of
the orbit on either sides.

16) Infra-orbital foramen distance:
Facial width between the su-
praorbital foramina.

17) Infra-orbital canal to the root of
the (canine) alveolar tooth.

18) Infra-orbital canal to the root of
the first premolar tooth.

19) Orbital capacity.

Mandibular Parameters Measured
(Figs 8.9)
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1) Mandibular length: Distance
between the level of the rostral
part of the alveolar root of the
incisor to the level of the cau-
dal border of the mandible.

2) Mandibular weight (in gm.)

3) Distance between caudal men-
tal foramen and caudal man-
dibular border.

4) Distance between caudal men-
tal foramen and rostral mental
foramen.

5) Distance between rostral men-
tal foramen and incisor root.

6) Distance between mandibular
foramen and caudal border of
the mandible.

7) Distance between mandibular
foramen and angle of the
mandible.

8) Distance between mandibular
foramen and ventral border
(base) of the mandible.

9) Maximum mandibular height:
Distance between the basal
point of the mandible to the
highest level of the coronoid
process.

10) Condyloid process to the ven-
tral border (base) of the man-
dible.

11) Maximum height of coronoid
process (Condyloid fossa to
height of mandible).

12) Diastema length: Distance
from the lateral alveolar incisor
root to first cheek tooth (P).

13) Inter-mandibular distance at
the level of the last cheek tooth
(M).
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For measuring the orbital capacity,
foramina opening into or with the or-
bital cavity were plugged with plasti-
cine (plastic clay) and /cotton wool.
The communication between the or-
bital cavity and temporal fossa was
blocked with cotton wool and whole
orbital cavity was lined with a very thin
tissue paper. Then the cavity was
filled with mustard seed to the level of
the orbital rim. The contents were
emptied and measured in a measuring
cylinder.
For measuring the cranial capacity, all
the foramina of the cranial cavity were
plugged with cotton wool. The cavity
was then filled with mustard seeds
through the foramen magnum up to its
brim. The mustard was then emptied
into a measuring cylinder to get the
cranial volume.
The cranial, facial, orbital and
skull/cephalic indices were determined
using the following equations men-
tioned by Miller et al. (1964).
a) Cranial index

cranial width

=—— x 100
cranial length
. 1. __ facial width
b) Facial index = Faciallength * 100
¢) Orbital index = 22EAWIAR 14
orbital length
. skullwidth
d) Skull/cephalic = skull lengeh X 100

Data Analysis

Data was stored and analyzed using
Microsoft Excel 2010. The craniomet-
rical measurements were taken using
a normal caliper and a digital scale
was used for weighing. Photographs
were taken with a Samsung WB 700
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digital camera. Nomina Anatomica
Veterinaria (2005) was utilized for de-
nominating the anatomical terms in
the study.

Results

In the present study, the skull mean
length of the domestic flat-headed and
round-headed skulls was 10.1 £ 0.9,
8.2 £ 0.72 cm, the mean cranial length
was 7.8 + 0.6, 6.24 £ 0.53 cm, while
the mean facial length was 2.3 £ 0.3,
1.94£0.27 cm respectively.

The mean skull width was 7.2 + 0.4,
5.83 = 0.63, the mean cranial width
was 4.3 £0.2, 4.14+0.22 cm and the
mean facial width was 6.7+0.3,
5.43+0.02 cm in both skull types re-
spectively (Tables 1,2).

The mean cranial index in the flat-
headed skulls was 56+4 and in the
round-headed skulls was 66.58+4.94,
whereas the mean facial index was
298.1+34 and 279.77+ 31.87 respec-
tively (Tables 5A, B).

Three shapes of the foramen magnum
were detected: round, oval and trian-
gular (Fig 10). The mean height of the
foramen magnum was 1.1+0.2,
1.04+0.08 cm, while the mean width
was 1.41+0.2, 1.3£0.2 cm in the flat-
and round-headed cat skulls respec-
tively. The mean foramen magnum
index was 128+30 and 128+18.8 in
both types respectively.

The mean orbital index was 86.21+9.1
+ and 92.49+7.13 respectively. The
mean skull (cephalic) index was
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71.1x4.4 and 71.28+2.28 respectively
(Table 5A, B).

The mean distance between the infra-
orbital foramen and maxillary canine
root & between the infra-orbital fora-
men and the premolar | root was
1.6£0.4, 1£0.2 cm & 0.9+0.2 and
0.720.2 cm in the flat- and round-
headed cat skulls respectively (Table
1,2).

The mean mandibular length and
height was 6+0.58, 2.97+0.27 cm &
4.431£0.58, 2.17£0.25 cm in the flat-
and round-headed skulls respectively.
The mean distance between the man-
dibular foramen and the caudal border
of the mandible was 1.3+0.4, 0.9+0.2
cm, while the mean distance between
the mandibular foramen and the ven-
tral border of the mandible was
0.7+£0.2, 0.4£0.1 cm in the flat- and
round-headed skulls respectively (Ta-
bles 3,4).

The distance between the rostral men-
tal foramen and the incisor root was
0.940.1 and 0.720.2 cm in the flat-
and round-headed skulls respectively
(Tables 3,4).

From the measurements of both cat
skull types we can determine that an-
esthetic blockage of the infra-orbital
nerve could be achieved by injecting a
local anesthetic solution 1.0-1.6 cm
dorso-caudal to the maxillary incisor
tooth in both the round- and flat-
headed cats respectively.

The results of the present study also
clarified that for better local anesthetic
blockage of the mandiblular alveolar
nerve of cats the needle should be
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introduced 0.9 to 1.3 cm from the ven-
tral border of the mandible in round-
headed cats and about 0.9 cm from
the angle of the mandible in flat-
headed cats. The mental foramen
could be reached for anesthetic
blockage of the mental nerve about
0.7-0-9 cm caudal to the mandibular
incisor.

Discussion

Skull morphology and development
The two parts of the cat’s mandible do
not fuse completely allowing some
movement®. Cats have a weak exter-
nal sagittal crest arising from the nu-
chal crest. The dorsal margin of the
orbit is formed by the orbital ligament,
which is ossified. The inter-parietal
bone does not fuse entirely in the
adult ®. This description agrees to
some extent with the findings of this
study, in different degrees: it applies
to the flat-headed skulls but not to
round-headed skulls. In addition, the
weak external sagittal crest is found
only in the round-headed skulls and is
absent in the flat-headed cat skulls.
Koenig and Liebish (2007) mentioned
that in carnivores the dorsal margin of
the orbit is formed by the orbital liga-
ment, a structure which is often ossi-
fied in the cat. Coulson and Lewis
(2008) added that in a Siamese cat 15
years old, the orbital ligament was os-
sified; and that it was only 0,3 cm long
in immature but 1.3 cm long in very
old cats after fusion with the zygomat-
ic arch (Ashdown, unpublished). Slat-
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ter and Basher (1993) confirmed that
the dorsal wall of the feline orbit is al-
most entirely bone because the zy-
gomatic process of the frontal bone
and the frontal process of the zygo-
matic come into proximity. They men-
tioned also that in the dog, the dense
collagenous orbital ligament between
the zygomatic process of the frontal
bone and the frontal process of the
zygomatic forms the dorsolateral wall
of the orbit.

In European wildcats, which are not
the same species as the domestic
cats, Stefen and Heidecke (2012)
found that most postnatal shape
changes in the skull occur in its caudal
part, including the development of the
nuchal and sagittal crest, the change
of the relative position of the fronto-
pareital suture, the broadening of the
skull at the postorbital process and in
the zygomatic width, and elongation of
the nasals.

Important skull changes occur in car-
nivores by development of superstruc-
tures related to the masticatory appa-
ratus e.g. temporal ridges and a sagit-
tal crest (Carcia-Perea, 1996). The
same author mentioned that although
temporal ridges and the sagittal crest
show apposite patterns of changes
developmentally, their consequences
are similar from the functional point of
view. The migration and expansion of
the origin margins of the temporalis
muscle with age would allow an in-
crease of the muscle mass implying
an increase in the number of fibers
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(Moore, 1981) very likely resulting in a
more powerful action (Bock, 1974).
Carcia-Oerea (1996) studied postnatal
skull development in four species of
Lynxes and categorized four degrees
of ossification: borders of adjacent
bones separated, borders of adjacent
bones contacting, active ossification
occurring in the synchondrosis and
complete ossification of the synchon-
drosis. She mentioned also that long
sagittal crests are associated with nar-
row lyres (the surface delimited by
temporal ridges, so called by this au-
thor), and vice versa. Moreover, she
identified four types of sagittal crest:
in the juvenile stage, temporal ridges
are present, but there is no sagittal
crest; a sagittal crest that is poorly de-
veloped and restricted to the interpari-
etal region; and a sagittal ridge that is
well developed, occupying total length
of parietal suture; no lyre present.
These four types of sagittal crest were
identified in the present study. The
four degrees of ossification were also
detected in the flat-headed cat’s or-
bital ligaments, although some of
them were of young cats as their teeth
denote.

Zuccarelli (2004) described different
morphological measurements be-
tween the skulls of wild and captive
lions. He mentioned that to compen-
sate the higher degree of strain upon
regions of the skull, wild specimens
showed an increase in skull surface
area, which permits greater distribu-
tion of strain as well as larger areas
for muscle attachment. The skull
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growth and development in P. leo is
subject to variation not only in different
populations, but also even between
individual from neighboring prides or
from the same pride (Smuts et al.,
1978). These variations are believed
to be the result of different foods
available to individuals as well as
prides and populations (Zuccarelli,
2004). Taking these results in consid-
eration, feral cats would also show
similar variations in these parameters
than the domestic cats.

The infra-orbital nerve is a branch of
the ophthalmic division of the trigemi-
nal nerve. It passes through the infra-
orbital canal and exits the infra-orbital
foramen to supply sensory innerva-
tions to the middle part of the face
(Pasquini et al., 2007). The anesthetic
blockage of this nerve is achieved by
injecting the local anesthetic solution
1.0-1.6 cm dorso-caudal to the maxil-
lary incisor tooth in the round- and flat-
headed cats.

Techniques used

Using the mustard seeds for measur-
ing the cranial and orbital capacities is
preferred by many authors because of
the rounded shape and small size of
the seeds (Saber, 1989; Sarma,
2006). However, some authors used
sesame seeds (Rao, 1967) and rice
grains (Olopade and Onwuka, 2005)
and sand (Mihayalov et al., 2013).
Some other authors used more mod-
ern techniques such as computed
tomographic images and scanograms
as well as x-ray images of live animals
for measuring. Not all parameters es-
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timated by modern techniques are ac-
curate, as they are measured on
plane surfaces. Cranial cavity and or-
bital cavity are examples of using the
traditional methods (Mustard seeds of
this study) in estimating their volume.
Morphometric measurements
Several authors have previously stud-
ied the skull morphometry of many
animal species ( Monfred et al., 2013
a-k; Karimi et al., 2011, 2012; Sarma,
2006; Olopade et al., 2005; Sarma
and Sarma, 2002; Onar et al., 2001;
Onar, 1999; Regedon at al.,, 1991,
1992, Saber, 1989; Sandhu and
Dhingra, 1986; Brehm at al., 1985;
Eoa, 1967 and Miller at al., 1964), of
the African giant rat (Olude and Olo-
pade, 2010), of the yak (Sudhakar and
Sharma, 1998).

Stefen and Heidecke (2012) men-
tioned that wildcats were distinguished
from domestic cats by cranial volume
and cranial index. According to
Piechocki (1990), the cranial volume
of wild cats ranges from 32.5 — 50 cm®
and for domestic cats from 20-25 cm®;
hence, a cranial volume of >35 cm? it
can be used to identify wildcats.
Moreover, for cats with cranial volume
of 32-35 cm?® the cranial index (great-
est total skull length: cranial volume)
must be calculated to clearly identify
the type of cat (Schauenberg, 1969).
Accordingly, the parameters of the
flat-headed skulls of this study is very
near to that of cats of the wild or feral
origin, although wild and feral cats are
different species, (cranial volume
21.5-38 with average of 30 + 5.2 cm®),
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while the round-headed were of the
domestic type (cranial volume 14.5-
31.6 with average 25.2+3.8 cm®).

In comparison, domestic cats have a
cranial index (Cl) greater than 2,75,
representing a smaller cranial capaci-
ty, which is commonly associated with
domesticated animals (Schauenberg,
1969, Groves, 1999). Higher value of
the cranial capacity of wildcats is in-
duced by the frontal part of the skull,
which is more arched (Krueger et al.,
2009).

Stcharski et al. (2010) reported that
increase of the length and the breadth
of visceral-cranium takes place not
only during cat maturation but also
after this period in adult animals. They
mentioned also that cranial indices
show that the ratio of the total cranium
length does not change in three age
stages of domestic cats.

Foramen magnum

The foramen magnum was round,
oval or triangular in shape in both flat-
and round-headed cat skulls of the
present study. Chethan et al. (2011)
mentioned that the foramen magnum
shapes in 53 human skulls were de-
termined as round in 22.6% of cases,
egg shape in 18.9%, tetragonal in
18.9%, oval in 15.1%, irregular in
15.1%, hexagonal in 5.6% and pen-
tagonal in 3.8% of the cases. In the
20% of skulls Burdan et al. (2012)
mentioned eight shapes were de-
scribed for the foramen magnum in
human skulls; circular, two semicircu-
lar, heart-like, wide oval, bi-rounded
oval, ventrally wide oval, bi-pointed
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oval and dorsally convergent oval. On
the other hand Muthukumar et al.
(2005) said that in 46% of the studied
specimens, when the foramen mag-
num index in human is equal to or
more than 1.2, the foramen was found
to be oval.

The mean foramen magnum width
and height of the flat-headed and
round-headed cat skulls of this study
were 1.410.2, 1.1£0.2 and 1.3%0.2,
1.1£0.2 cm respectively. These values
are very close (1.23 cm and 1.23 cm)
to that given in the same animal by
Uddin et al. (2013).

The foramen magnum index of the
domestic cat was 90.72 which is simi-
lar to that of the mole rat
88.41(0Ozkan, 2007) and Pekingese
dog 93.4; (Janeczek et al., 2011) and
higher than the rabbit 74.68 (Kahve-
cioghu et al., 2000) and African giant
rat 81.42 (Olude et al., 2009), where
the foramina magna were relatively
wide. However, the foramen magnum
index was relatively higher in the West
African Dwarf goat 106.82 (Chroszez
at al., 2006). The foramen magnum
index of the flat- and round-headed
cat skull of this study was 127.27 and
118.18 respectively.

Yahaya et al. (2014) observed three
distinct patterns of the foramen mag-
num in camels. The dorsal border of
the foramen presented a smoothly
curved bony margin (Type 1), a small,
ventrally directed, median bony pro-
trusion (Type IlI) or a dorsal notch
(Type IlI). Neither of these types was
met with in the cats of this study.
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Mandible measurement

The mean mandibular length and
height of the cats of this study was
610.6, 4.4+0.6 & 2.9+0.3, 2.2+0.3 cm
in the flat- and round-headed cats re-
spectively.

Monfared (2013i) gave 8.3+1.03 and
3.7£0.59 cm as length and height for
the Persian cat’'s mandible. Barroso et
al. (2009) mentioned in goats
51.47+4.02 mm as length of non-
defined cat breed’s mandible. Samul
at al. (2013) mentioned in goats
13.61£1.73 and 8.5+0.53 cm for the
length and height of the mandible re-
spectively. The mandibular length and
height measured for koala, wombat
and wallaby were 9.84+5.66, 12.7+8.89
& 9.9+5.72 cm, 6.8+3.93 & 8.05+5.69,
4.1+2.37 cm respectively (Saber,
2015).

The inferior alveolar nerve is a branch
of the mandibular division of the tri-
geminal nerve and is sensitive in na-
ture. It runs about 10 mm before its
emergence into the mandibular fora-
men, passing in the mandibular canal
and exiting from the mental foramen
as the mental nerve (Getty, 1986 and
Onar, 1999). Anesthetic blockage of
the inferior alveolar nerve promotes
the anesthesia of the premolar, canine
and incisor teeth, skin, cheek mucosa
and lower lip (Muir, 2001). The pre-
sent study clarified that for better local
anesthetic blockage of the mandibular
alveolar nerve of cats the needle
should be introduced 0.9 to 1.3 cm
from the ventral border of the mandi-
ble and about 0.9 cm from the angle
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of the mandible in the round- and flat-
headed cats respectively. The mental
foramen could be reached for anes-
thetic blockage of the mental nerve
about 0.7-0.9 cm caudal to the man-
dibular incisor.

Moreover, the complete bony orbit
that characterizes the flat-headed
skulls should be considered prior to
performing orbital surgery (Slatter and
Basher, 2003).

Conclusion
There are two morphological catego-
ries of cat skulls in Australia, flat- and
round-headed. To confirm the wild or
Asian origin of the flat-headed ones
more study is needed, perhaps DNA
typing and comparisons to Asian
and/or European or African popula-
tion.
= The infra-orbital nerve can be
blocked by introducing the
needle 1.0 to 1.6 cm caudo-
dorsal to the maxillary canine
tooth in the round- and flat-
headed cats respectively.
= For better local anesthetic
blockage of the mandibular al-
veolar nerve of cats, the nee-
dle should be introduced 0.9 to
1.3 cm from the ventral border
of the mandible and about 0.9
cm from the angle of the man-
dible in the round- and flat-
headed cats respectively.
= The mental foramen could be
reached for anesthetic block-
age of the mental nerve about
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0.7-0.9 cm caudal to the man-
dibular incisor.
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Table (1): Australian domestic flat-headed cat skull measurements
No Parameter Mean SD Max Min
1 Skull length (cm) 10.1 0.9 11.7 8.7
2 Skull width (cm) 7.2 0.4 7.8 6.2
3 Skull weight (gm.) 33.1 7.6 45 19
4 Cranial length (cm) 7.8 0.6 8.9 6.5
5 Cranial width (cm) 4.3 0.2 4.8 41
6 Foramen magnum height (cm) 1.1 0.2 1.3 0.6
7 Foramen magnum width (cm) 14 0.2 1.6 1.0
8 Cranial capacity (cc) 30.0 5.2 38 21.5
9 Facial length (cm) 23 0.3 2.8 1.9
10 Facial width (cm) 6.7 0.3 7.4 6.4
11 Orbital height (cm) 2.9 0.3 3.3 23
12 Orbital width (cm) 25 0.2 2.8 23
13 Inter-orbital distance (rostral) (cm) 2.6 0.3 3.1 21
14 Inter-orbital distance (middle) (cm) 2.2 0.2 25 1.8
15 Inter-orbital distance (caudal) (cm) 5.9 0.2 6.0 2.7
16 Infra-orbital foramen  distance 29 0.2 3.2 2.7
(cm)
17 Infra-orbital to canine root (cm) 1.6 0.4 2.6 1.2
18 Infra-orbital to premolar | (cm) 0.9 0.2 1.1 0.7
19 Orbital capacity (gm.) 7.9 1.7 5
Table (2): Australian domestic Round-headed skull measurements
No Parameter Mean SD Max Min
1 Skull length (cm) 8.2 0.7 9.8 7.3
2 Skull width (cm) 5.8 0.5 7.1 5.1
3 | Skull weight (gm.) 17.1 5.4 27 9
4 Cranial length (cm) 6.2 0.5 71 5.5
5 Cranial width (cm) 4.1 0.2 4.4 3.6
6 Foramen magnum height (cm) 1.1 0.2 1.9 1.0
7 Foramen magnum width (cm) 1.3 0.2 1.9 1.1
8 Cranial capacity (cc) 25.2 3.8 31.6 14.5
9 Facial length (cm) 1.9 0.3 2.8 1.5
10 | Facial width (cm) 54 0.6 6.8 4.4
11 Orbital height (cm) 24 0.3 2.8 1.9
12 | Orbital width (cm) 2.2 0.2 2.5 1.9
13 Inter-orbital distance (rostral) (cm) 2.2 0.3 2.5 1.6
14 | Inter-orbital distance (middle) (cm) 1.7 0.2 1.9 1.4
15 Inter-orbital distance (caudal) (cm) 2.9 0.7 4.5 2.3
16 | Infra-orbital foramen distance 23 0.3 2.8 1.9
(cm)
17 Infra-orbital to canine root (cm) 1.0 0.2 1.4 0.8
18 Infra-orbital to premolar | (cm) 0.7 0.2 1.1 0.3
19 | Orbital capacity (gm.) 5.0 1.6 8.5 3
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Table (3): Measurements of the flat-headed cat mandible.

Saber et al.,

No Parameters (cm) Mean DS Max Min
1 Mand. Length 6 0.6 7 5
2 Mand. Wt. (gm.) 9,6 3.1 15 4
3 Ment. F - C Mand B 4.3 1.3 5.5 0.5
4 Ros. Ment. F — C Ment. F 0.5 0.1 0.7 0.4
5 Ros. Ment. F — Incisive A 0.9 0.1 1.1 0.7
6 Mand F — Mand CB 1.3 0.4 1.8 0.1
7 Mand F — Angle Mand 1.5 0.2 1.7 1.2
8 Mand F — Ven. Bor Man 0.7 0.2 0.9 0.4
9 Mand Height 2.9 0.3 3.5 2.4
10 Cond. Proc — Ven Bor. Man 1.5 0.2 1.8 1.2
11 Cron. Proc — Cond. Proc 1.6 0.2 1.7 1.2
12 Diastema 0.9 0.3 14 0.6
13 Inter. Mand. Dis. 2.9 0.4 3.8 2.4
Table (4): Measurements of the round-headed cat mandible.
No Parameters (cm) Mean DS Max Min
1 Mand. Length 4.4 0.6 5.5 3.7
2 Mand. Wt. (gm.) 4 1.6 8 2
3 Ment. F - C Mand B 3.6 0.4 4.3 2.9
4 Ros. Ment. F — C Ment. F 0.4 0.1 0.5 0.2
5 Ros. Ment. F — Incisive A 0.7 0.2 1 04
6 Mand F — Mand CB 0.9 0.2 1.2 0.6
7 Mand F — Angle Mand 0.9 0.3 1.6 0.1
8 Mand F — Ven. Bor Man 0.4 0.1 0.7 0.3
9 Mand Height 2.2 0.3 2.6 1.8
10 Cond. Proc — Ven Bor. Man 1.1 0.2 1.6 0.8
1 Cron. Proc — Cond. Proc 1.1 0.2 1.7 0.7
12 Diastema 0.7 0.2 1.1 0.5
13 Inter. Mand. Dis. 2.0 0.6 2.8 0.7
Table (5, A): Flat-headed skull average indices.
Indices Mean SD Max Min
Skull index 71.1 4.4 80.80 64.96
Cranial index 56.0 4.0 63.08 46.07
Facial index 2981 34.0 347.37 228.57
Orbital index 86.2 9.1 104.35 76.67
Foramen magnum index 128.5 30 216.66 90.9
Table (5, B): Round-headed skull average indices.
Indices Mean SD Max Min
Skull index 71.3 2.4 75.6 67.8
Cranial index 66.6 4.9 73.9 59.2
Facial index 279.8 31.9 326.3 2071
Orbital index 92.5 7.1 115 85.7
Foramen magnum index 128.3 18.8 190 110
J. Vet. Anat. 17 Vol. 9, No. 1, (2016) 1 - 24
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Table (6): Measurements between the mandibular foramen (Mand. For.) and caudal bor-
der of the mandible and between mandibular foramen and ventral border (base) of the
mandible in some animal species.

Mand. For. To Mand. For, to
Animals Authors Caudal border | ventral border
of mandible of mandible
(cm) (cm)
Caspian Miniature Monfared (2013a) 4.4+0.03 5.79+0.57
horse
Iranian native cattle Monfared (2013b) 2.9+0.72 5.2+0.37
One-humped camel Monfared (2013c) 3.7+£0.11 3.88+0.37
Native sheep Monfared (2013d) 0.86+0.03 2.99+0.03
Native horse Monfared (2013e) 4.8+0.62 6.3+1.34
Iranian buffalo Monfared (2013f) 2.97+0.26 5.5+0.31
Dog Monfared (20139g) 1.1+0.09 0.96+0.57
Rabbit Monfared (2013h) 1.5+0.23 0.87+0.09
Golden Jackal Monfared (2013i) 1.05+0.02 1.2+0.04
Persian cat Monfared (2013)) 0.65+0.36 0.8+0.66
Native donkey Monfared (2013k) 3.5+0.02 4.741.22
West African dwarf Olopade et al. (2010) 1.5710.44 -
goat
Pig Olopade&Okandely(2010) 2.83+0.34 9.34+0.95
Black Bengal goat Uddin et al. (2009) 0.9+0.15 3.64+023
Goat Samuel et al. (2013) 2.54+0.56 4.17+£1.03
Koala Saber (2014) 1.3£0.75 2.6+1.84
Wombat Saber (2014) 2.1£1.48 2.25+1.50
Wallaby Saber (2014) 2.7+1.45 0.87+0.57
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Fig (1): Lateral view of the Australian domestic round-headed cat skull, X-ray image right,
and skull left upper tier (A) and the Australian domestic flat-headed cat skull, right and left
respectively, lower tier (B) showing the well developed external sagittal crest (yellow and
red arrows), Black arrows point out to the complete fusion of the zygomatic process of the
frontal bone with the zygomatic arch in flat-headed skull.
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Nucal crest

Sagittal crest
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Fig (2): Dorsal view of the Australian domestic round-headed cat (A) and the Australian
domestic flat-headed cat skull (B) showing the morphological differences: 1 Postorbital
constriction, 2 fusion of the zygomatic process of the frontal bone with the zygomatic
arch, the prominent external sagittal crest arising from the nuchal crest and lengthening
of the cranium.
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Fig (3): A-C different stages of the ossification of the orbital ligament in the flat-headed
cat skull (complete closure of the orbit in C)

Fig (4): Dorsal view of the skull of the Australian domestic, flat-headed cat skull showing
the measurements: 1-1 skull length, 2-2 skull width, 4-4 cranial length, 5-5 cranial width.
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Fig (5): Ventro-caudal view of the Australian domestic flat-headed cat skull base showing
the measurements: 6-6 foramen magnum height, 7-7 foramen magnum width.

Fig (6): Rostral view of the Australian domestic flat-headed cat skull (A) and the domestic
round-headed cat (B) showing the measurements: 9-9 facial length, 10-10 facial width,
13-13 rostral inter-orbital length, 14-14 middle inter-orbital length, 15-15 caudal inter-
orbital length, 16-16 distance between the infra-orbital foramina. The arrows point out to
the bony closure of the orbital rim in the Australian flat-headed cat skull and the normal
incomplete rim in the round-headed house cat. Note the double infra-orbital foramina on

the left side of image (A).
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Fig (7): Rostro-lateral view of the Australian flat-headed domestic cat skull showing the
measurements: 17-17 distance between infra-orbital foramen and the canine tooth, 18-18
distance between infra-orbital foramen and the first upper premolar (P1).
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Fig (8): Lateral view of the left ramus of the mandible of the Australian flat-headed do-
mestic cat showing the measurements: 1-1 mandibular length.
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Fig (9): Lateral view of the Australian flat-headed domestic cat skull showing the meas-
urements: 3 caudal mental foramen to caudal border of the mandible, 4 distance between
caudal and rostral mental foramina. 5 rostral mental foramen to canine alveolus, 6 man-
dibular foramen to caudal border of the mandible. 7 mandibular foramen to angle of the
mandible, 8 mandibular foramen to ventral border of the mandible, 9 mandibular height,
10 coronoid to condyloid process, 11 condyloid to ventral border of the mandible, 12 dia-
stema, 13 intermandibular distance at the level of the last mandibular teeth (M).

I‘

ng (10): Sowing the morphological variation of the foramen magnum in the Australian cat
skulls. A round shape, B oval shape, C triangle shape.
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