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Abstract

This study investigates the linear
morphometry of the brain and the
neurocranium which houses it, in
the Nigerian local dog. A total of
twenty-five dogs (11 males, 14 fe-
males) were used for this study. The
males recorded a heavier body
weight, weight of head and brain.
The females recorded higher values
for the length of brain, height and
length of cerebellum, and the whole
skull height and length relative to
the males, although no statistically
significant differences were ob-
served (P>0.05). Values obtained
for the neurocranial volume was
similar between the sexes, while the
neurocranial height and length was
higher in the males, even though no
statistically significant differences
were observed (P>0.05). Pearson’s
correlation analysis showed a nega-
tive correlation between the weight
of the animal and length of brain
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and the height and length of cere-
bellum, showing that values for
these parameters were likely to rela-
tively higher in younger animals.
This study shows correlation rela-
tionship between neurometric and
neurocraniometric parameters, data
obtained may find application in
veterinary clinical neuroanatomy of
dolichocephalic-type dogs.
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Introduction

The cranium serves as a means of
protection for the encephalon and
the organs of the special senses
(vision, smell, audition, balance and
gustation) (Getty, 1986). It consists
of a mosaic of many bones that are
perfectly fitted together to form a
single rigid structure. The cranium is
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divided into two portions, the caudal
part (neurocranium) housing the en-
cephalon, while the rostral part sus-
tains the face. In most domestic
animals, the face has been ob-
served to be larger than the neural
part (Dyce et al., 2000). The interior
of the neurocranium presents con-
tours that correspond to the gyri and
sulci of the brain; it also corre-
sponds to the space filled by the
brain, the meninges and the cere-
brospinal fluid in the cranial cavity
(Dyce et al., 2000). The bones mak-
ing up the neurocranium include the
occipital, parietal, interparietal, ba-
sisphenoid, pterygoid, temporal,
frontal, ethmoid and the vomer
(Getty, 1986). The shapes of the
skull in dogs show considerable
variation in breed and size, and so
is the most important criterion in de-
termining the standard breed of
dogs (Onar et al., 2002).

The Nigerian local dogs (NLD) are a
breed indigenous to Nigeria; they
are popularly referred to as ‘mon-
grels’ by indigenes. They are doli-
chocephalic (long-headed) dogs
and are highly domesticated, with
their feeding pattern being majorly
omnivorous due to the high level of
domestication. A lot of data has
been generated on the haemato-
logical, biochemical and parasi-
tological profile of this breed of dog
(Awah and Nottidge, 1998; Ariyibi et
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al., 2002; Olayemi et al., 2009), but
there is presently a dearth of infor-
mation on the gross morphological
appearance of this breed of dog.
This study aims to determine the
linear neurometry and neurocra-
niometry of this breed relative to
other species of dogs studied.

Materials and Methods

Ethical approval for this study was
obtained from the Ethical Commit-
tee of the Faculty of Veterinary
Medicine, University of Ibadan, Ni-
geria, Ethical code  number
‘ethic/05/11/01°. All procedures fol-
lowed the Guide for the care and
use of experimental animals (Fac-
ulty of Veterinary Medicine, Univer-
sity of Ibadan, Nigeria).

A total of twenty-five clinically
healthy adult Nigerian local dogs
(11 males, 14 females) were used
for this study. All animals were aged
2 years or more. Age was obtained
from vendors and confirmed using
the dental formula according to
Dyce et al., (2002). The animals
were weighed with a standard bath-
room scale and euthanized by intra-
venous injection of pentobarbitone.
The heads were severed at the at-
lanto-occipital junction and weighed.
The brain was removed by the fol-
lowing procedure: a sharp scalpel
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blade was used to cut the skin dor-
sally, in a mid-sagittal plane, from
the nasal region to the base of the
skull, at the region of the foramen
magnum. The skin was reflected to
expose the bone. An industrial saw
(band-saw: Startrite 24-S-5, Eng.
Co. Ltd, England) was used to cut
the skull in a mid-sagittal plane,
thereby exposing the brain. Linear
measurements were taken on the
brain in-situ, after which all brain
material were removed and weighed
with a digital weighing scale. The
skull was de-fleshed with a scalpel
blade as much as possible, and
subsequently subjected to a modifi-
cation of the hot water maceration
technique as previously described
by Onar (1999). Briefly, the heads
were tagged and labelled for ease
of identification, then placed in wa-
ter containing polycarboxylate and
anionic surfactant (detergent), with
soap chips (sodium carbonate),
heated to 100°C for one hour. Fur-
ther removal of muscle and ligament
was done, and the skulls were
rinsed with clean water and thereaf-
ter transferred to a water solution
containing detergent, 0.3% sodium
hypochlorite and 6% hydrogen per-
oxide solution for 18 hours. The
skulls were again rinsed in clean
water and then left in the sun to dry.

A total of 20 parameters were de-
termined on the brain and skull,
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some illustrated in figures 1-2. Lin-
ear measurements were made to
the nearest 0.01mm, and deter-
mined with the aid of vernier calli-
pers. Parameters measured and
their landmarks are defined below:

Weight of animal (WOA): This was
determined using a standard bath-
room scale. Measurements were
recorded in kilograms.

Weight of head (WOH): Measured
with the aid of a “Five goat” spring
scale®. Measurements were re-
corded in kilograms.

Weight of brain (WOB): this was
determined with the aid of digital
weighing scale (Microwa swiss bal-
ance®, Mettler-Toledo, Switzerland)
and recorded in grams.

Length of Brain (LOB): Measured
from the most rostral point of the
olfactory bulb to the medulla oblon-
gata.

Height of Brain (HOB): Distance
from the dorsal aspect of the cere-
brum to the ventral aspect of the
brainstem.

Height of Cerebrum (HOC): From
the dorsal aspect of the cerebrum to
the dorsal aspect of the brainstem.
Length of Cerebrum (LOC): Dis-
tance from the rostral pole of the
cerebrum to its most caudal pole.
Height of Cerebellum (HOCB):
Measured from the highest point of
the median vermis to the roof of the
fourth ventricle.
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Length of Cerebellum (LOCB):
Measured from the most rostral end
of the cerebellum as the cerebellum
makes contact with the cerebrum, to
the most caudal point or far extrem-
ity, rostral to the medulla oblongata.
Neurocranial volume (NCV): this
was achieved by using cotton wool
to block all the foramina of the intact
skull, fine grains was then poured
into the neurocranium via the fora-
men magnum until filled up. The
grains were then emptied into a
measuring cylinder and the volume
was determined.

Neurocranial Height (NCH): this
was the distance, measured as a
straight line, from the roof of the
neurocranium (frontal bone) to the
floor (sella turcica of the sphenoid
bone). (Fig 1).

Neurocranial Length (NCL): dis-
tance from the deepest indentation
of the fronto-ethmoidal bone, to the
caudal aspect of the cerebral sur-
face of the occipital bone, at the
level of the external occipital protu-
berance.

Neurocranial Index (NCI): this was
calculated as NCH/NCL x 100
Whole Skull Height (WSH): the
height of the skull with the mandible,
taken as the distance from the most
dorsal aspect of the frontal bone, to
the most ventral aspect of the man-
dible. (Fig 2).

Whole Skull Length (WSL): this
was taken as the length of the skull,
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from the most rostral aspect of the
incisive bone to the most caudal as-
pect of the occipital bone. Figure 2.
Whole Skull Index: this was calcu-
lated as WSH/WSL x 100.

Statistical analysis: All data were
analysed using Graphpad prism soft
ware (V4). Students t’ test was car-
ried out at p<0.05 level of signifi-
cance.

Results

Results are presented in Tables 1-2;
absolute values as Mean = Stan-
dard deviation in Table (1) and
Pearson’s correlation coefficient
values in Table (2).

Of all the sixteen parameters meas-
ured, the females were observed to
record higher values in only five
(length of brain, height and length of
cerebellum, whole skull height and
length), although no statistically sig-
nificant difference was observed
(P>0.05). Statistically significant dif-
ference between the genders was
only observed in the height of the
cerebrum (P<0.05) (Table 1). The
males recorded heavier body, head
and brain weights (males 15.75
+6.19 kg, 1.05+0.24 kg and 53.50
+3.54 grams respectively; females
14.11+£4.26 kg, 0.95+0.28 kg, 49.64
+10.41 g respectively), but the rela-
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tive brain weight (0.004%) was ob-
served to be higher in the females
(0.004%) relative to the males
(0.003%). Correlative analysis of the
weight of the animal with the other
parameters measured gave positive
values (ranging from no correlation
to medium correlation) except the
length of brain, and the height and
length of the cerebellum (r = -0.048,
-0.537 and -0.132 respectively). The
neurocranial volume showed the
highest positive correlation to the
body weight (r = 0.587), followed by
the weight of the head (r = 0.553),
while the length of the brain showed
the lowest and most negligible
negative correlation (r = -0.048)
while the height of the cerebellum
showed the highest negative corre-
lation (r = -0.537) (Table 2).

Discussion

While there is information on the
measurement of the brain and skulls
of other breeds of dogs, adult and
puppy, there is presently a dearth
on information concerning the NLD.
For this purpose, neurometric and
neurocraniometric = measurements
were investigated. This study shows
the correlative relationship between
the brain and the neurocranium.

The higher body weight observed in
the males is in consonance with the
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observation of Campbell (1990) that
males usually have a higher body
weight relative to females of the
same age and species. The relative
brain weight of 0.004% (1:271) ob-
tained is similar to that obtained in
pigs (Olopade et al., 2011), lower
than the 1:100 and 1:125 obtained
in other dogs and cats respectively,
but higher than the 1:550, 1:560 and
1:600 obtained in the lion, elephant
and horse respectively (Kuhlenbeck,
1973).

In spite of the fact that the males
recorded higher values for the brain
weight and height, the females re-
corded slightly higher values for the
length of the brain. This difference
may be attributed to the longer
length of cerebellum in the females
and probably a longer olfactory
bulb. The heavier brain weight re-
corded in the males is similar to
what was obtained in pigs (Olopade
et al., 2011), although the male pigs
recorded higher values for brain
length while the females recorded
higher values for brain height; no
statistically significant differences
were observed (P>0.05). The cere-
bellar parameters were observed to
be higher in the females, although
no statistically significant difference
was observed (P>0.05). This obser-
vation is at variance with what ob-
tains in humans, using Korean
adults, where the males were ob-
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served to have a statistically signifi-
cant larger cerebellar volume (Rhyu
et al., 1999). This observation in the
NLD may indicate that the females
of this breed are more intelligent,
may have finer motor dexterity and
also possess better cognitive ability,
as cerebellar volume has been
shown to have a positive correlation
to general intelligence and fine mo-
tor dexterity; it also contributes to
several aspects of cognition (Para-
diso et al., 1997).

The neurocranial volume main-
tained a negligible to mild positive
correlation with all the parameters
determined except the height and
length of the cerebellum and the
neurocranial index (r = -0.242, -
0.502 and -0.123 respectively).
Since the neurocranial volume dis-
played a positive correlation to the
body weight, the negative correla-
tions observed between the neuro-
cranial volume and cerebellar length
may indicate that the younger ani-
mals (of smaller body weight) may
have a relatively larger cerebel-
lar/neurocranial volume ratio when
compared with adults. This negative
correlation between the weight of
the animal and height of the cere-
bellum is similar to a recent report in
the pig (Olopade et al., 2011). The
highest positive neurocranial vol-
ume correlations were observed
with the heights of the brain and
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cerebrum (r = 0.785 and 0.736 re-
spectively).

In this study, the high positive corre-
lation observed between the neuro-
cranial volume and neurocranial
height, and a lesser one between
the volume and length is similar to
what was reported by Garcia-Real
et al. (2004) in a study conducted
on live dogs of different skull shapes
(brachycephalic, mesaticephalic and
dolichocephalic dogs), using the
computerised tomographic method.
A positive correlation between the
neurocranial volume and the height
and length has also been reported
in humans (Acer et al., 2006). Also,
Garcia-Real et al. (2004) in the pre-
viously mentioned study recorded a
significantly higher neurocranial vol-
ume in the males relative to the fe-
males. Rodrigues et al. (2010) also
recorded a higher value for the neu-
rocranial volume in male goats rela-
tive to females, although no statisti-
cally significant difference was ob-
served. This differs from what was
observed in this study where the
values obtained were very similar,
thereby showing no sexual dimor-
phism. This similarity between the
sexes is however not reflected in
the linear measurements deter-
mined. The similar neurocranial vol-
ume and differing linear measure-
ments between the genders can im-
ply that the males are more prone to
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increased intra-cranial pressure,
since they recorded higher values
for the brain height and weight. The
slight or mild positive correlation ob-
served between the whole skull
length and the neurocranial length
may be considered to be similar to
earlier reports in the Alsatian pup-
pies where positive correlations, al-
though high and significant, were
also reported (Onar, 1999). In addi-
tion, the neurocranial volume dis-
played a slightly negative corre-
lation with the neurocranial index.

In conclusion, the morphometric
analysis of the brain and its
comparison to the cranial cavity
parameters, as highlighted by this
study, will facilitate the detection of
pathologies such as cerebral atro-
phy (Onar et al., 2002). Data ob-
tained from this investigation may
be applicable in the field of vete-
rinary clinical neuroanatomy, com-
parative and regional anatomy; it
may also make it possible for future
researchers to better understand
the dolichocephalic breed of dogs,
using the NLD as a prototype.
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Fig (1): Mid-sagittal section of skull, showing the neurocranial height (NCH) and neuro-
cranial length (NCL).

Fig (2): Lateral view of skull showing the Whole Skull Height (WSH) and the Whole Skull
Length (WSL).
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Table (1): Neurometrical and neurocraniometrical values of the Nigerian

local dog
Parameters Total n=25 Male, n= 11 Femﬂe, n=
Weight of animal (kg) 1414 .44 15.75+6.19 14.11+4.26
Weight of head (kg) 0.94+0.25 1.05+0.24 0.95+0.28
Weight of brain (g) 51.75+7.33 53.50+3.54 | 49.64+10.41
Length of brain (cm) 7.204£0.43 7.174£0.19 7.25+0.64"
Height of brain (cm) 3.97+0.36 4.08+0.37 3.84+0.33
Height of cerebrum (cm) 3.2510.34 3.48+0.14* 2.98+0.30*
Length of cerebrum (cm) 4.61+0.35 4.73+0.05 4.47+0.51
Height of cerebellum (cm) 1.9+0.25 1.84+0.15 1.99+0.37"
Length of cerebellum (cm) 1.86+0.31 1.73+0.29 2.06+0.23"
Neurocranial volume (ml) 60+9.49 60+5.72 60+12.47
Neurocranial height (cm) 3.821+0.29 3.88+0.23 3.78+£0.33
Neurocranial length (cm) 7.161£0.64 7.1740.22 7.14+0.86
Neurocranial index (%) 54+3.24 54.11+£2.10 53.9+4.18
Whole skull height (cm) 8.13+0.85 7.88+0.62 8.31+0.99"
Whole skull length (cm) 16.39+1.77 15.8+1.1 16.76+2.07"
Whole skull index (%) 50.07+£1.55 50.77+£1.07 49.64+1.70

*Indicates statistically significant difference (P<0.05) between male and female values,
observed only in the height of the cerebrum.

* Indicates values which were observed to be higher in female dogs, although no statisti-
cally significant differences were observed (P>0.05).
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