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ORIGINAL ARTICLE

An anatomical investigation of the carotid canal
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Background: The carotid canal (CC) located in the petrous temporal bone trans-
mits the internal carotid artery, internal carotid venous plexus and sympathetic
nerve plexus from the neck into the cranial cavity. It is an accessible passage into
the cranial cavity and is considered an important anatomical landmark for neurosur-
geons. The aim of this study was to investigate the topographical, morphometric
and morphological parameters of the CC.

Materials and methods: An examination of the CC and related adjacent structures
in 81 dry skull specimens was performed. Distribution of sample by sex was 34
females and 47 males, and by race 77 African and 4 Caucasian. The mean age
was 50 years (range: 14-100 years).

Results: The external opening of the CC was found to be round-shaped, oval-
-shaped and tear-drop-shaped in 28.4%, 49.4% and 22.2% of the specimens,
respectively. (1) Mean diameters [mm]: (a) medio-lateral 7.52 mm and (b) antero-
-posterior 5.41mm. Statistically significant difference in the vertical diameter was
recorded in the race groups and laterality of the samples. (2) Mean distances [mm]
between: (a) medial margins of external opening of CC was 50.03 mm, (b) lateral
margins of external opening of CC was 62.73 mm and (c) external openings of CC
and foramen lacerum was 15.6 mm. There was a statistically significant correlation
between race and location of the opening of external CC in relation to foramen
lacerum (viz. postero-lateral, lateral and diagonal, and lateral).

Conclusions: The present study corroborated previous reports on the CC; how-
ever, the tear-drop shaped external CC opening was a unique finding. The know-
ledge of the reference measurements pertaining to the CC and its relationship
to adjacent structures may postulate a suitable surgical “safe-zone” range within
the CC area. (Folia Morphol 2017; 76, 2: 289-294)
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INTRODUCTION

The carotid canal (CC) is located within the mid-
dle cranial fossa at the apex of the petrous temporal
bone [23, 24]. It is delimited by the posterior margin
of the greater wing of the sphenoid bone anteriorly
and the basilar aspect of occipital bone postero-
medially [24]. Teufel [26] and Berlis et al. [4] divided

the CC into three characteristic parts, viz. ascending
petrous, transverse petrous and ascending cavernous.
The internal and external apertures, which constitute
the CC, are situated in relation to other foramina,
grooves and impressions containing a number of
neurovascular and labyrinthine structures in close
proximity [11].
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The internal opening of the CCis situated diagonal
and lateral to the foramen lacerum [18, 24]. Although
the jugular foramen and CC are situated in the poste-
rior and middle cranial fossae, respectively, the former
is found posterior to the internal opening of the CC
[15, 24]. The external opening of the CC lies anterior
to the jugular foramen and is bound by the external
opening of the foramen lacerum antero-medially
[5, 15, 18, 23].

The CC transmits the internal carotid artery (ICA)
which is the major arterial supply to the brain and
other deeper regions of the head such as the eye,
accessory organs and the nose [14, 18, 25]. The CC
also transmits the sympathetic nerve plexus and the
internal carotid venous plexus, a venous network
around the ICA connecting with the cavernous sinus
and the internal jugular vein [9, 24].

Although skull-base anatomy is regarded as the
central determinant of sex in forensic medicine, the
role of foramina as neurovascular routes is espe-
cially important in the surgical environment [4, 7, 8].
According to York et al. [30], ICA injury has been
recorded to occur in about 1% of patients who suf-
fer severe blunt trauma to the head. Furthermore,
patients with CC fractures appeared to present with
a greater prevalence of injury to the ICA as opposed
to those with other skull-base fractures [20, 30].

Since hypoplastic carotid canals are considered
to be indicative of Moyamoya disease, early detec-
tion of such changes may prevent ICA stenosis and
subsequent stenosis of the carotid canal itself [17].

In addition, there appears to be a lack in the
provision of cranio-metric and cranio-morphologic
parameters of the CC as stated by a number of au-
thors [6, 12, 13, 22, 23]. Due to the infiltration of
the contents of the CC during inflammatory and
pathological processes of adjacent structures, there
is much emphasis on the clinical need of the appre-
ciation of the topographical relationship between of
the CC and these adjacent structures [1, 28]. Since
the knowledge of the normal and variant anatomy of
the CC may be of significance in micro-surgical pro-
cedures, the purpose of this study was to determine
the topographical, morphometric and morphologic
parameters of the CC and related structures.

MATERIALS AND METHODS
The sample series comprised of 81 randomly se-
lected dry human skulls obtained from the osteology
bank of the Department of Clinical Anatomy, School
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of Laboratory Medicine and Medical Sciences, Univer-
sity of KwaZulu-Natal. The distribution of the sample
series by sex was 34 females and 47 males. Racial
distribution was 77 African and 4 Caucasian, while the
mean age was 50 years (range: 14-100 years). Ethical
clearance was obtained from the University’s Ethic
Committee (Ethics number: BE035/14). The morphol-
ogy of the CC was documented and morphometric
measurements were done with the aid of a digi-
tal calliper (Mitutoyo Digimatic Calliper, Model No.
CD-8" ). Each morphometric parameter was evaluated
three times in order to minimise intra-observer errors.
All skulls with distortion of the macro- and/or mi-
cro-anatomy, i.e. congenital malformations, temporal
fractures and otosclerosis were excluded. The levels
of significance with regard to laterality and certain
demographic factors such age, sex and race, was
determined. The data obtained was analysed using
SPSS version 21.0 (SPSS Inc., Chicago, lllinois, USA).
A p value of < 0.05 was considered to be statistically
significant. Since age was also considered a continu-
ous variable, the Pearson Product Moment Correlation
Coefficient (r) values describing the strength and
direction of the respective correlations with age were
also determined (strength: < 0.5 = weak, > 0.5 =
strong; direction: + [positive] or — [negative]).

RESULTS

Morphology

The external opening of the CC was observed to be
round, oval-shaped and tear-drop-shaped in 28.4%,
49.4% and 22.2% of specimens, respectively (Fig. 1A-C).
The CC was directed infero-medially and inferiorly
in 77.8% and 22.2% of cases, respectively (Table 1).
In addition, the comparison of the direction of the
CC between right and left sides yielded a p value of
0.000 which was characteristic of the predominant
infero-medial direction on the left side (Table 1).

Relations

The external opening of the CC in relation to the
foramen lacerum was postero-lateral in 93.8%, lat-
eral and diagonal in 3.1% and lateral in 3.1% of
specimens, respectively (Table 1). The internal open-
ing of the CC in relation to the foramen lacerum
was situated lateral in 40.7%, lateral and diagonal
in 48.8%, postero-lateral and diagonal in 9.3% and
postero-lateral in 1.2% of specimens, respectively
(Table 1). There was a significant correlation between
race and the position of the external CCin relation to
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Figure 1. Shape of external opening of carotid canal; A. Round; B. Oval; C. Tear-drop; A — anterior; L — lateral; M — medial; P — posterior.

the foramen lacerum (p = 0.001) (Table 1). This was
reflective of the high frequency in the postero-lateral
position of the external CC in relation to the foramen
lacerum (93.8%) predominantly observed within the
African race group.

The relation of the external opening of the CC
to the jugular foramen was observed to be antero-
medial in 12.3%, antero-lateral in 11.7% and anterior
in 75.9% (Table 1). The internal opening of the CC was
found to be anterior, antero-medial and antero-lateral

Table 1. Morphology and relations of the carotid canal

to the jugular foramen in 71.6%, 13.6% and 14.8%
of specimens, respectively (Table 1).

Morphometry

The mean distance between the medial margins
of the external CC was 50.03 mm, the lateral margins
of external CC was 62.73 mm, the external openings
of the CC and the foramen lacerum was 15.58 mm,
and external margins of the CC and the summit of
mastoid process was 27.94 mm. The medio-lateral

Morphology Shape of Direction of Position of carotid canal in relation Position of carotid canal in relation
and relations external carotid external to foramen lacerum to jugular foramen
canal carotid canal External Internal External Internal
Round (28.4%); Infero-medial Postero-lateral Lateral (40.7%); Antero-medial  Anterior (71.6%);
oval-shaped (49.4%); (77.8%); (93.8%); lateral and (12.3%); antero-medial
tear-drop inferior (22.2%) lateral and diagonal (48.8%); antero-lateral (13.6%);
shaped (22.2%) diagonal (3.1%); postero-lateral (11.7%); antero-lateral
lateral (3.1%) and diagonal anterior (14.8%)
(9.3%); postero- (75.9%)
lateral (1.2%)
p Side 0.775 0.000* 0.808 0.374 0.643 0.101
Sex 0.304 0.115 0.595 0.219 0.938 0.430
Race 0.710 0.498 0.001* 0.233 0.189 0.997
Age 0.534 0.922 0.056 0.729 0.173 0.663
r Age -0.049 0.008 -0.150 -0.027 0.034 -0.108
*Significant p value
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Table 2. Morphometric parameters of the carotid canal

Morphometric Distance between [mm] Diameter [mm)]
parameters Medial margins Lateral margins  External openings External margins Medio- Antero-
of external of external of carotid canal of carotid canal ateral -posterior
carotid canal carotid canal and foramen and summit of mastoid
lacerum process
Mean values 50.03 62.73 15.58 21.94 1.52 5.41
p Side - - 0.355 0.192 0.177 0.000*
Sex 0.696 0.328 0.416 0.347 0.470 0.228
Race 0.117 0.098 0.636 0.503 0.266 0.034*
Age 0.934 0.655 0.019* 0.064 0.888 0.748
r Age -0.009 -0.049 -0.184 0.146 -0.01 -0.025
*Significant p value

diameter was 7.52 mm, while the antero-posterior
diameter was 5.41 mm (Table 2). There was a sta-
tistically significant difference between the antero-
posterior diameter on both sides (p = 0.000) and race
groups (p = 0.034) (Table 2). The antero-posterior
diameter was thus marginally longer on the left side
in the Caucasian population. Furthermore, the com-
parison of age and the distance between the external
openings of the CC and foramen lacerum yielded
a p value of 0.019 (Table 2).

DISCUSSION

The skull is regarded as the most valuable and
common skeletal part for the determination of sex
of unclaimed bodies in the medico-legal industry [7,
19]. Asymmetry regarding the base of the skull and
the respective canals and foramina is considered to
be the “variant-normal” [2]. It may be indicative of
underlying congenital, acquired or hereditary diseases
[21]. Despite the apparent symmetric nature of the
skull-base, there appears to be distinct differences
between the right and left sides [21]. In light of the
reported asymmetry index of 66% and the constant
central and variant lateral skull-base regions, it is plau-
sible that the CC is subjected to both morphological
and morphometric differences [16, 21, 27].

The external opening of the CC was found to
be rounded, oval-shaped and tear-drop-shaped in
28.4%, 49.4% and 22.2% of cases in the present
study, respectively. Aoun et al. [2] and Somesh et al.
[23] reported the presence of round and oval-shaped
external openings of the CC; however, the tear-drop-
shaped opening observed in the present study has not
been reported in the previous literature. In addition,
Aoun et al. [2] reported that there is variation in the
direction of the external opening of the CC between
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right and left sides. This was also corroborated by the
present study as a statistically significant difference
was found in the direction of the CC between right
and left sides. It is postulated that the left side gen-
erally presents with an infero-medially directed CC.

This study identified the internal opening of the
CC to be situated lateral, lateral and diagonal, pos-
tero-lateral and diagonal, and postero-lateral to the
foramen lacerum. The foramen lacerum was postero-
laterally related to the external aperture of the CC
in 93.8% of the specimens which corroborated the
findings of Standring [24], Netter [18] and Somesh
et al. [23]. Furthermore, the external opening of the
CC appeared lateral and diagonal, and lateral to the
foramen lacerum, both of which were not reported in
the literature reviewed. A statistically significant rela-
tionship between race and the position of the external
opening of the CCin relation to the foramen lacerum
was recorded (p = 0.001). As a result, it is proposed
that the postero-lateral position of the external CC
in relation to the foramen lacerum is a characteristic
topographical feature of the African race group.

Standring [24] and Moore et al. [15] described
that the internal opening of the CC was located ante-
rior to the jugular foramen; this was found in 71.6%
of cases in the present study. Moore et al. [15] found
the external opening of the CC to lie just anterior to
that of the jugular foramen. However, the CC was also
noted to be located antero-medial and antero-lateral
to the jugular foramen in this study, the former of
which was reported by Somesh et al. [23].

The medio-lateral diameter of the CCin the cur-
rent study was 7.52 mm which was greater than
that recorded by Yamamoto et al. [29] (5.00 mm),
Berlis et al. [4] (5.69 mm) and Arata et al. [3]
(5.27 mm). Although the antero-posterior diameter
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of the CC (5.41 mm) appeared to be larger than
that reported by Lang and Schreiber [12] (5.14
mm) and Yamamoto et al. [29] (4.9 mm), Berlis et
al. [4], Calguner et al. [6] and Somesh et al. [23]
recorded relatively increased values of 7.81 mm,
6.75 mm and 8.14 mm, respectively. Subsequently,
the results of the current study suggest that the
antero-posterior diameter is typically longer on
the left side. In the computed tomographic study
conducted by Motoshima et al. [17], patients with
Moyamoya disease presented with distinctively
narrowed CCs than those of the control/asymp-
tomatic group. As a result, the diameter of the
CC is ultimately dependent on the embryological
development of the ICA [10, 23]. During weeks 3
and 4 of embryonic development, the ICA arises
from the arteries of the third aortic arch and the
distal segment of the dorsal aorta [10]. Since the
base of the skull only develops during week 5, the
prior development of the internal carotid artery will
determine the morphometric and morphological
presence of the CC [10]. Despite the rare occur-
rence of ICA hypoplasia or agenesis, it may often
result in the formation of collateral circulations and
subsequent intracranial haemorrhage [10].

In the present study the mean distance of 27.94 mm
recorded between the external margins of the
CC and the summit of mastoid process was compara-
tively less than that reported by Cicekcibasi et al. [8]
(31.08 mm). Despite the fact that the comparison of
age and the distance between the external openings
of the CC and foramen lacerum yielded a statistically
significant p value of 0.019, the r value of —-0.184
indicated a negative weak correlation (Table 2).

Although Motoshima et al. [17] discussed the un-
known adverse effects of laterality and certain demo-
graphic factors on the dimensions and morphology
of the CC, it may be postulated that the statistically
significant differences regarding race, age and lateral-
ity yielded in this study are reflective of asymmetry,
variation and/or possible underlying pathology.

CONCLUSIONS

The topographical relationships of the CC to
the adjacent structures examined in this study may
be of importance for accurate examination during
imaging of the cranial base. Morphometric and
morphological data on the CC may be of great
significance to the field of forensic pathology for
the determination of sex and race of unknown or
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unclaimed human remains. Anatomic knowledge
of the CC topography and morphometry may be
indispensable to the anatomist, radiologist, neu-
rosurgeon and otorhinolaryngologist with regard
to the surgical approach as this may lead to the
development of refined procedures.
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