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Abstract

Objectives: The Carotid Canal is an important structure at the base of skull as it conveys the internal carotid artery,
along with a sympathetic nerve plexus and a venous plexus. Previous researches done on carotid canal suggest that
abnormalities to this canal, such as fractures of carotid canal and carotid sympathetic plexus schwannoma have their
effect on the internal carotid artery and the structures passing through it. Cases of absence of carotid canal have also
been reported, which causes variations of the internal carotid artery. The aim of this study is to determine the
morphometric variation which exists between male and female carotid canal taking parameter such as the external
opening into consideration.

Materials and Methods: A total of 130 dried skulls were obtained from three regions, 68 from Ilorin, 38 from Ibadan
and 24 from Ile-Ife, Nigeria that included 75 males and 55 females. The diameters of the external opening of the canal
were measured on both sides of the skull in the long and short diameters using a Vernier caliper.

Results: The long diameter of the external opening measured 6.58+0.50mm on the right side and 6.84+0.51mm on
the left side (in male skulls), while in the female skulls it measured 5.93+0.41mm on the right and 6.27+0.45mm on
the left side. The short diameter measured 5.65+0.432 mm on the right side and 5.64+0.45 mm on the left side in male
skulls while, in female skulls, it measured 5.20+0.41 mm on the right side and 5.27+0.48 mm on the left side. These
dimensions of the carotid canal showed highly significant differences among male and female skulls (P<0.001).
However, a significant difference was also found among the canals in the right and left sides of the skulls (P<0.001).
The DFA model when tested with the present data showed a model accuracy of 73.8% in right carotid canal and
75.4% in left.

Conclusion: This study shall be useful for Surgeons, Radiologists, Anatomists, Forensic Experts, Anthropologists,
etc.
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INTRODUCTION

Morphometry can be defined as the
quantitative measurement of the form especially
of living systems or their parts. Morphometry is
simply the quantitative method of addressing the
shape comparisons that are of interest (1). John
and Karl (2) defined Morphometry as the study of
variation in shape of organs or organisms and also
its variation with other relatable variables. In other
word morphometry is a process of study and
measuring the external shape and dimensions of
landforms, living organisms or other objects (3).
The production of morphometric field by
scientists has seen an upward surge over the last
few years and this had helped in the world of
anatomy to understand and appreciate for
structures in the human landmarks (4).

The skull is the skeletal part of the head; it

is rounded in shape. The skull is quite difficult to
study due to numerous named features on it, many
of which are quite hard to identify (5). The bone
that forms the lower jaw is referred to as the
mandible, other bones of the skull are united to one
another at joints known as sutures (6). The base of
the skull is a very complicated region and there are
vast openings in the base of the skull and are called
foramina (7). The foramina and canals of the adult
skull base were studied by few investigators and
they reported that knowledge of the normal and
variant positions of the canals and foramina of the
skull base are important for radiologists,
neurosurgeons and anatomists because of the
increasing refined techniques available (8). Berlis
et al. (9) stated that identification of the skull base
anatomy is of great importance in cases of
aneurysms and clivaltumours. Moreover, Gozilet
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al. (10) described numerous skull base
asymmetries concerning their foramina and
canals.

The carotid canal was described as a bony
canal directed antero-inferiorly, transmitting the
internal carotid artery within its internal curvature.
Rutz and Verlaufe (11), Gozil et al. (10) studied the
internal opening and the size of the canal and the
angular measurements of its internal bend. The
carotid canal has a rounded external opening lying
at the base of skull in the petrous part of the
temporal bone. It extends inside the bone forward
and medially to open into the middle of the
posterior wall of the foramen lacerum (12).
Calguneret al. (13) studied the carotid canal as a
landmark for neurosurgeons, who considered the
canal the most vital and easily visualized structure
on MRI angiography and digital subtraction
angiography. The carotid canal is associated with
the internal carotid artery, carotid nerve plexus,
sympathetic nerve plexus.

MATERIALSAND METHOD
Material: A digital Vernier caliper was used in the
process of this study with an accuracy of 0.01mm

(Fig. 1)

Research Design: The research was an analytical
one, involving the direct measurement of the right
and left carotid canal (the antero-posterio and
medio-lateral diameters) in comparison between
right and left together with the male and female
skulls obtained from Ilorin, Kwara state, Ibadan,
Oyo state, and Ile-ife, Osun state.

Sample Size: In total, 130 skulls were obtained
from the three regions, 68 from Ilorin, 38 from
Ibadan and 24 from Ile-Ife based on the
availability of the skulls. A sample size of 130
subjects were used (75 male and 55 female skulls).
Based on the availability of the skulls.

Skull Landmarks: The following landmarks
were carefully observed on each skull to show that
they are of human.
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Selection Criteria
Inclusion: The skulls must have been in perfect
shape and not eroded.There must have been at
least 4 visible landmarks on the skull.

Exclusion: Damaged skulls were excluded
from the study. Skulls with limited landmarks
as listed were not used. Skulls which were not
properly fixed and defleshed were not included
in the study.

Precautions: In order to avoid inaccuracy in the
values, the readings were taken twice by the same
person and then averaged i.e. the mean of the
values. The caliper was properly checked and set
to record reading in millimeters (mm). The skulls
were marked properly and separated after taking
their reading in order not to lead to repetition of
subject.

Definition of Carotid Canal Parameters

SIDE: Right and left of the canal.

L-M distance: This is the maximum lateromedial
distance of the carotid canal (fig.2)

A-P distance: The anteroposterior distance of the
carotid canal (fig.2)

The determination of the sex of each skull was
carried out by observing the following landmarks
on the skull

1. The mastoid process is the part of the skull
basically for the attachment of muscle it is
found at the posterior part of the ear. It was
observed that the mastoid process was
more pronounced in males than in
females. (4)

2. Male skulls were observed tobe generally
larger and heavier than female skulls. (7)

3. The zygomatic bone in male skulls were
more pronounced and obvious than in
females.(14)

4. Female skulls have a sharp upper margin
of the eye orbit and smaller eye brows,
male skulls show a characteristic larger
eye brows and a curved upper margin of
the eye orbit. (15)

5. Male skulls have majorly a sloping
forechead while the forehead is rather
vertical in females. (15)

6. Themale skulls were observed to be much
rougher than the female skulls. (15)

The consideration of all the above given
characteristics led to a better and precise
determination of the sex of the skulls.
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Statistical Methods

The statistical analysis was done using
Statistical Package for Social Sciences (IBM)
Version 23.0; SPSS, Inc., Chicago, IL) and
XLSTAT (Version 2015) Statistical package.
Continuous Variables were presented in mean
(S.D). Paired sample t-test and Pearson's
correlation were used to compare the left and right
sides, while student t-test was used to determine
sex-differences. The sex categorization using the
measured carotid canal parameters was
determined using Discriminant Function Analysis
(DFA). All analyses were carried out at 95%
confidence level, with the significance of the
difference accepted at P<0.05.

RESULTS

The results presented were cranial
measurements of skulls from cadaveric samples
from Anatomy Department of Some Nigerian
Universities. The dimensions were expressed as
continuous variables (in mean=S.D), categorized
based on sex. The results were presented in tables
and graphs.

The paired sample t-test and Pearson's
correlation analysis in Table 1, showed that
themediolateral [ML] dimension of the carotid

The DFA was carried out using the left and right
measurement of the carotid canal. Test of equality
of means in Table 2 showed a significant
difference in mean values of both carotid canal of
male and female (P<0.01). The Box's M canonical
covariance analysis showed that the values meet
the expectation of non-covariance (CC,; P=0.133,
CC,; P=0.183); that is, the covariance matrices of
the dependent variables are equal across the
groups (Table 3). The within-groups canonical
correlations for right and left Carotid canal
parameters in Table 4 showed that the variables
entered into the model accounted for an average
grouping; R. Carotid canal (CC;) [Canonical
correlation=0.584] and L. Carotid canal (CC,)
[Canonical correlation=0.514); thus, suggesting

Table 3: Box's M statistic (test for homogeneity of covariance
matrices)

CDR CDL
Box's M 5.695 4.932
F Approx. 1.865 1.615
df1 3 3
df2 1347370.50 1347370.5
P-value 0.133 0.183

that the proportion of variance explained (R’) by

Table 1: Paired sample t-test of mean difference and correlation of the right and left dimensions of

the carotid canal

Test of mean difference and correlation

Pairs Mean£S.D  Paired Samples t-test Pearson’s Correlations
M.D (R-L) t-value P-value R P-value

R-AP(mm) 5.46+0.48 -0.02 -0.531 0.597 0.584  <0.001

L-AP(mm) 5.48+0.50

R-ML(mm) 6.30+0.56 -0.29 -7.621 <0.001 0.696  <0.001

L-ML(mm) 6.60+0.56

Note: M.D = mean difference, r = Pearson’s correlation,

M.D = Right A.P diameter — Left A.P diameter

canal [CC] exhibits dimensional asymmetry, with
left being significantly greater than the right
(t=0.531; P<0.001), while the right was
symmetrical; however, the correlation between
the dimensions of both sides were slightly above
average (CC,; r=58.4; P<0.001, CC,; r=69.6;
P<0.001). This observation informed the side-
specific discriminant function analysis (DFA).

the variables entered into the model was 34.1% for
CC,and 26.4% for the CC, (Table4).

The group of predictor variables (CC, and
CC,) will make predictions that their outcomes are
statistically significant (Wilk's Lambda,;
[CCy=0.659, %’ .,.,=53.05, P<0.001], and
[CC,=0.736, ,;-,=38.91, P<0.001] (Table 5), as
all parameters of both R. Carotid canal (CC,) and

Table2: Descriptive characteristics and inter-predictability of the carotid canal (side)

Variable Groups Wilks' Lambda test of equality of
mean
Male Female Total A-value F-value p-value
R-AP(mm) 5.65+0.432  5.20+0.41  5.462+0.48  0.778 36.555 <0.001
R-ML(mm) 6.58+0.50 5.93+0.41  6.304+0.56  0.680 60.320 <0.001
L-AP(mm) 5.64+0.45 5.27£0.48  5.48+0.50 0.866 19.865 <0.001
L-ML(mm) 6.84+0.51 6.27£0.45  6.60+0.56 0.746 43.641 <0.001

Note: R=Right, L=Left, AP=Anteroposterior diameter, ML=Mediolateral diameter
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Table 4: Within-groups canonical correlations for right and
left carotid canal parameters

Parameter __Eigen value® Canonical Correlation
CCr 0.518* 0.584
CC. 0.358° 0.514

[nitial canonical discriminant functions were used in the analysis

accurate model in classifying the observations
increases.

In Table 8, the coefficients of linear
discriminant function are the classification
functions for the sexes using the carotid canal

Table 8: Linear discriminant (classification) function for groups

_ — ) VARIABLE* CCx CCy,
Table 5: Wilks Lamba test of predictability of variables entered Male Female Male Female
into the model R-AP(mm) 19988  18.787 15.368 14715
_ _ _ R-ML(mm) 21.297 18.879 22.015 19.897
Variable ~ Wilks' Chi- Df  P-value  Inf. (Constant) -127.063  -105.738  -119.132  -101.999
Lambda qu“al‘ € “Fisher's linear discriminant functions
X
CCr 0.659 53.05 2 <0.001 S
CCy, 0.736 38.91 2 <0.001 S

L. Carotid canal (CC,) produced predictions that
were above average; although mediolateral [ML]
had better prediction coefficients (R=0.953;
L=0.975) (Table 6).

parameters of either the left or the right side. The
DFA results explain how sex can be predicted
using predictor variables group means; the
original classification and the model cross-
validation are observed in Tables 9a & b. The right
Carotid canal parameters produced an accurate

Table 6: Within-groups correlations for CCr and CC}, and discriminant function coefficient

Structure Matrix Coefficients and Discriminant function coefficients®

CCr Function* Function® CC. Function® Function®
ML (mm) 0.953+ 1.672 ML (mm) 0.975¢ 1.762

AP (mm)  0.742% 0.830 AP (mm)  0.658% 0.543
Constant -15.071 Constant -14.599

“Variables arranged in order of the absolute size of correlation within the discriminant model.

7 Above Average prediction
“Box-M structured Matrix coefficient

*UnstandardisedDiscriminant function coefficient for group centroid

In Table 7, the DFA results of both groups

can additionally be defined by the group means of

Table 7: Functions at group centroids

Sex CCR CCL
Male* 0.612 0.509
Female’  -0.834 -0.694

*unstandardized canonical discriminant
functions evaluated at group means

the predictor variables using the unstandardized
canonical discriminant function coefficients in
table 6 and the outcome of the mathematical
evaluation produces group means; referred to as
centroids (Table 7). In this study, using the right
Carotid canal (CC,), the centroid value for males
is 0.612 while female is -0.834. While the left
Carotid canal (CC,) produced a centroid value of
0.509 for males and -0.694 for females. Upon
execution of the mathematical regression
equations in Table 6, observations with mean score
tending towards a particular centroid are predicted
as belonging to the classified group; however,
when the difference between the canonical group
means is larger, the possibility of attaining more

classification of 73.8% while the left produced
75.4 accurate classification after cross-validation.

Table 9a: Classification summary for predicted group membership
using the right carotid canal (CCr)mm dimensions

Group™ _ Original Cross-validated”
Male Female Male Female
% % % Y%

Male 62(82.7)  13(17.3) 62 (82.7) 13 (17.3)

Female 21(38.2)  34(61.8) 21(38.2) 34 (61.8)

*73.8% of original grouped cases correctly classified

"Cross validation is done only for those cases in the analysis. In cross
validation, each case is classified by the functions derived from all cases
other than that case

©73.8% of original grouped cases correctly classified

Table 9b: Classification summary for predicted group membership
using the left carotid canal (CCr) mm dimensions

Group™ _ Original Cross-validated”
Male Female Male Female
% % % %

Male 64(85.3) 11(14.7) 62(81.3) 13(18.7)

Female 18(32.7) 37(67.3) 18(32.7) 37(67.3)

*77.7% of original grouped cases correctly classified

PCross validation is done only for those cases in the analysis.

In cross validation, each case is classified by the functions derived
from all cases other than that case

“75.4% of cross-validated grouped cases correctly classified
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The discriminant model for sex categorization was
obtained as follows;

CC,:
e Male=-127.063 +19.988 (AP) +21.297
(ML)
e Female = -105.738 + 18.787 (AP) +
18.879 (ML)
CC;:
e Male=-119.132 +15.368 (AP) +22.015
(ML)
e Female = -101.999 + 14.715 (AP) +
19.897 (ML)

ML=Medio lateral diameter
AP=anteroposterior diameter
In this study, DFA was used to determine
the accuracy of the carotid canal in predicting sex.
The left and right dimensions of the carotid canal
were separately used for prediction into group
membership. The model produced the following
discriminant canonical function equation;
1. SeX g carotid canay = ~14.599 + 1.762(ML) +
0.543(AP)
2. SeX (en carotid canay = ~13.071 + 1.672(ML) +
0.830(AP)

Figure 1: Picture showing the Vernier caliper been used

Figure 2: Diagram showing the Anteroposterior (AP) and
Mediolateral distance (ML)

Alabi et al.,2019

DISCUSSION

The internal carotid artery originates in
the common carotid artery in the neck and ascends
toward the brain. It has cervical, petrous,
cavernous, and cerebral portions. The internal
carotid artery enters the carotid canal in the
petrous portion of the temporal bone and that the
cavernous port of the internal carotid artery lies
within the cavernous sinus. Congenital absence of
one or both internal carotid arteries (ICA) has a
high association with circle of Willis aneurysm
formation and since the carotid canals in the skull
base form secondary to the presence of the
embryonic ICA, absence or hypoplasia ofa carotid
canal on a computed tomographic (CT) scan
through the skull base should suggest a congenital
ICA abnormality and prompt a search for
associated intracranial vascular abnormalities
even in a young or asymptomatic patient (16)
which was not seen in this current study.

So this study was conducted to provide
information on the bilateral morphological
differences in the vascular opening for the internal
carotidartery i.e., carotid canal, in the floor of the
skull. In relevance to ICA, carotid canal
measurements and their importance have been
estimated by various
authors previously with intent to improve different
surgical approaches to the petrous part of the
internal carotid artery (17,18)

The bony carotid canal developed rapidly
before approximately 2 years of age and after
fusion of the bony suture, the bony carotid canal
developed slowly (19). Also, the bilateral absence
of the anteroinferior wall of CC was reported for
the first time in 1896 (19). The absent or deficient
inferior wall of CC is an important variation that
can give rise to complications through skull base
surgery (20). Previous studies have reported
absence of inferior wall of CC, which was only one
among 325 cases (21), while in another study, 5
cases of deficient inferior wall were found among
307 skulls (13). However, in this study, the inferior
wall of carotid canal was not deficient in any skull
seen.

Sexual Dimorphism

The measurements of the present study
showed highly significant differences among the
various dimensions of the carotid canal between
male and female skulls (P<0.001) likewise
Mohamed et al. (8) whose study in saudiarabia
showed highly significant differences among the
various dimensions of the carotid canal between
male and female skulls (P<0.001). These results
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were in contrast with Lang (22) series who
described non-significant sex differences among
all diameters of the carotid canal in German
population (P>0.05).

The model accuracy for discriminant
model for sex categorization in this study showed
that the right carotid canal parameters produced an
accurate classification of 73.8% while the left
produced 75.4% accurate classification, but
according to Alabiet al. (23), the strength of such
model is the ability to classify 80% of the
measured parameters into group (sex) with 95%
accuracy bench mark been established.

Bilateral Differences in the Carotid Canal

On the other hand, this study showed that
the Medio lateral (ML) dimension of the carotid
canal [CC] exhibits dimensional asymmetry, with
left being significantly greater than the right
(t=0.531; P<0.001), while the right was
symmetrical. This result is in contrast with
Mohamed et al. (8), Lang (22) and Calguner (13)
whose results described no significant differences
among the right and left sides in both sexes
(P>0.05).

CONCLUSION

This study was able to show differences in
sides of carotid canals in Male and Female skulls
and also, predictability of sex or sexual
dimorphism. This is very important in the
knowledge of human variation, personality
identification and as a guide to surgeons.
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