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Introduction

The carotid canal (CC) is a large, almost circular foramen
through the petrous part of the temporal bone, through
which the large vessel internal carotid artery (ICA), along
with accompanying plexuses of veins and some autonomic
nerves are transmitted. The external aperture of the carotid
canal (EACC) is seen on the undersurface of the petrous part
of the temporal bone, posterolateral to the foramen lacerum
and anterolateral to the jugular foramen.1,2 Starting from the
EACC, the CC runs up for a distance of 1 cm and then bends at

around 90°. The CC turns forward and toward the medial
side, up to the apex of the petrous part of the temporal bone
for about 2 to 3 cm and then ends, forming the internal
aperture of the carotid canal (IACC). This opening is found in
front of the foramen lacerum, and the ICA enters the cranial
cavity. The ICA is separated from the walls of the CC by the
internal carotid venous plexus and by some perivascular
tissue.3

Measurements of the base of the skull in adults have been
performed by very few investigators. Some previous
researchers have studied the IACC, while some have also
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Abstract Background and Objective The carotid canal (CC) is a bent passage in the petrous
temporal bone from where the internal carotid artery (ICA) goes inside the skull. The
shape, location and measurements of the CC are clinically very important in cases of
skull base surgery, since the ICA has to be identified and isolated throughout its petrous
course. Therefore, the present study was performed tomeasure and locate the CC from
various important anatomical landmarks.
Materials andMethod The present study was conducted on 68 dry skulls of unknown
gender. Various measurements and distances of the CC from various important
landmarks were taken. The shape of the CC was also noted. Measurements were taken
with the help of a screw-adjusted compass and of digital Vernier calipers. From the
above measurements, mean and standard deviation (mean � SD), median, range, and
mode were calculated. Data analysis was done with IBM SPSS Statistics for Windows,
Version 19.0 (IBM Corp, Armonk, NY, USA).
Results The mean length of the CC on the right and left sides was 7.76 and 7.89 mm,
respectively. The mean breadth of the CC on the right and left sides was 5.81 and
6.32 mm, respectively. The most common shape of the CC was round both on the right
and left sides in 49.20% and in 53.12% of the cases.
Conclusion The results of the present study will be useful in the performance of
neurosurgical procedures, thereby preventing unpleasant complications.
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measured the size of the CC in adults along with measure-
ments of the angles of the internal bend of the CC. Normal
and abnormal findings regarding the foramina of the skull
can be revealed by investigations such as computed tomo-
graphy (CT) and magnetic resonance tomography (MRT).
Precise information about the anatomy of the base of the
skull has become critical as variousmicrosurgeries havebeen
employed for certain tumors and aneurysms.4 The present
study can provide data to neuroradiologists and neurosur-
geons about the comparison of themeasurements of thebase
of the skull. The CC was selected as the landmark as it is the
most important and easily identifiable structures on MRT
and on digital subtraction angiography (DSA) exams. There-
fore, regarding the ICA and its associated anomalies, we
intend to give population-specific details of the CC which
would assist neurosurgeons to improve different surgical
approaches to the second part of the ICA i.e petrous part.

Materials and Methods

A total of 68 dry skulls of unknown gender were used for the
present study. Skulls which were damaged, fractured or
deformed at the surroundings of the CC were eliminated
from the study. The following parameters were measured:
(►Figs. 1 and 2)

1. Anteroposterior diameter of the CC (L)
2. Transverse diameter of the CC (B)
3. Shortest distance from the CC to the external acoustic

meatus (EAM).
4. Shortest distance from the tubercle of root of zygoma (ZA)

to the CC
5. Shortest distance from the tip of themastoid process (MP)

to the CC
6. Shortest distance from foramen magnum (FM) to the CC
7. Shortest distance from the occipital condyle (OC) to the CC
8. Shortest distance from the midline of the base of the skull

(Mid) to the CC

The shape of the CC was also noted. All of the measure-
ments were taken on both sides. The measurements were
taken with the help of a screw-adjusted compass and of
digital Vernier calipers. All of the measurements were taken
three times by the same person in order to increase the
accuracy of the measurements.

Statistical Analysis
From the abovemeasurements,mean and standard deviation
(mean � SD), median, range, and mode were calculated. The
data analysis was performed with IBM SPSS Statistics for
Windows, Version 19.0 (IBM Corp, Armonk, NY, USA), and
p < 0.05 was considered statistically significant.

Results

A total of 68 skulls were examined. Five skulls were not
examined on the right side, and four were not examined on
the left side due to destruction. Therefore, the total number
of sides examined was 127.

The results of the measurements of the CC are shown
in ►Table 1.

Themean, median, and range of the distances from the CC
to various important anatomical landmarks were tabulated
as shown in ►Table 2.

The various shapes of the CC were noted down and
tabulated in ►Table 3. (►Fig. 3)

Discussion

The ICA arises from the common carotid as a bifurcation at
the superior border of the thyroid cartilage opposite to the
disc between the C3 and C4 vertebrae. Each artery passes
upward through the neck within the carotid sheath, toward
the brain. The artery is divided into four parts along its
course: the cervical, petrous, cavernous, and cerebral parts.

Fig. 1 Measurements done on the carotid canal (CC). (A) Anteroposterior
diameter of the CC; (B) transverse diameter of the CC; (C) shortest distance
fromthetipof themastoidprocess (MP) to theCC; and (D)shortestdistance
from the occipital condyle (OC) to the CC.

Fig. 2 Measurements done on the carotid canal (CC). (A) Shortest
distance from the tubercle of root of zygoma (ZA) to the CC; (B)
shortest distance from the CC to the external acoustic meatus (EAM);
(C) shortest distance from the foramen magnum (FM) to the CC; and
(D) shortest distance from the midline of the base of the skull (Mid) to
the CC.
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The ICA traverses the petrous part of the temporal bone in
the CC, inwhich it first passes upward along the anterior wall
of the middle ear cavity and the cochlea of the internal ear,
and then curves forward and medially below the auditory

tube and the trigeminal ganglion. It enters the cranial cavity
through the apex of the petrous temporal bone in the poster-
ior wall of the foramen lacerum.5

Fractures of the base of the skull are commonly associated
with carotid artery injuries, and vascular complications are
more frequently observedwhen the CC is involved. Fractures
at the petrous part of the CC are associated with a relatively
high incidence of injury to the carotid artery, and patients
suffer more severe head injuries.6 In < 0.01% of the popula-
tion, rare congenital anomalies like a non-formed or a poorly
formed ICA can be seen. However, agenesis of the ICA is
usually asymptomatic and is usually found as an incidental
finding or after a cerebrovascular accident, such as

Table 1 Measurements of the carotid canal

Dimension Mean � SD p-value Median Range Mode

Right Left Right Left Right Left Right Left

Length (mm) 7.76 � 0.88 7.89 � 0.88 0.395 7.9 8.0 6.0–10.0 5.5–10.5 8.0 8.0

Breadth (mm) 5.81 � 0.71 6.32 � 0.80 0.002 6.0 6.0 4.5–7.5 4.5–8.0 6.0 6.0

Abbreviations: SD, standard deviation.

Table 2 Mean, median and range of the distances from the carotid canal to various important anatomical landmarks

Dimension Mean � SD p-value Median Range Mode

Right Left Right Left Right Left Right Left

CC-EAM 20.24 � 2.47 20.50 � 4.05 0.602 20.5 20.5 14.5–26.0 15.1–45.0 21.0 21.0

CC-ZA 44.91 � 3.17 44.64 � 3.67 0.621 45.0 45.0 38.0–53.0 35.0–53.0 45.0 45.0

CC-MP 30.04 � 3.10 30.41 � 3.57 0.578 30.0 31.0 24.0–36.5 23.5–38.0 30.0 32.0

CC-FM 27.16 � 2.92 27.08 � 2.72 0.927 27.0 27.0 22.0–37.0 21.0–36.5 27.0 27.0

CC-OC 22.15 � 2.57 22.461 � 2.60 0.482 22.0 23.0 17.0–29.0 20.0–30.0 25.0 27.0

CC-Midline 26.41 � 2.72 25.93 � 2.33 0.242 26.0 26.0 21.0–33.2 20.0–30.0 25.0 27.0

Abbreviations: CC, carotid canal; EAM, external acoustic meatus; FM, foramen magnum; MP, mastoid process; OC, occipital condyle; SD, standard
deviation; ZA, tubercle of root of zygoma.

Table 3 Various shapes of the carotid canal

Shape Right
(n ¼ 63)

Left
(n ¼ 64)

Total
(n ¼ 127)

Round 31 (49.206%) 34 (53.125%) 65 (51.181%)

Oval 20 (31.746%) 17 (26.563%) 37 (29.134%)

Almond 12 (19.048%) 12 (18.75%) 24 (18.898%)

Fig. 3 Shapes of the carotid canal. (A) Oval-shaped; (B) round-shaped; and (C) almond-shaped.
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subarachnoid hemorrhage after a coincidental rupture of an
aneurysm, or cerebral infarction.7,8 This is commonly seen
unilaterally; however, bilateral absence has been reported.
Also, the estimated prevalence of cerebral aneurysms in
association with agenesis of ICA is of between 24 and 34%
in the general population, and recognizing this anomaly is of
great value in thromboembolic cases.7 Although the exact
cause of these developmental anomalies is not known, the
evaluation of the base of the skull for the absence or presence
of the CC is required to differentiate agenesis and aplasia, as
the prerequisite for the development of the CC is the pre-
sence of a precursor of the ICA or of the ICA itself at a
gestational age of 5 to 6weeks. This development of the bony
CC represents the development of the ICA, which may end as
the stenosis of the ICA begins and poorly formed bonycarotid
canal can be seen in adult onsetmoyamoya disease patients.9

During the intrauterine development, before the
mesenchymal condensation starts to initiate to form the
cranial cartilages, the major cranial blood vessels and nerves
are already formed. Therefore, the foramina of the skull are
specifically placed even before the formation of bones.
Mesenchymal chondrogenesis around the carotid artery
joins each hypophysial cartilage to the otic capsule, to
form the CC.

Congenital agenesis of one or both ICAs has a very high
association with aneurysm formation in the circle of Willis,
and since the CCs in the skull base form after the formation of
the embryonic ICA, agenesis, aplasia or hypoplasia of a CC on
a computed tomography (CT) scan of the base of the skull
would suggest a congenital abnormality in the ICA and hint
at an investigation for any other associated intracranial
vascular abnormalities, even in a young or asymptomatic
patient.10 Therefore, the present study was conducted to
provide some data on the differences in the morphology of
the bilateral vascular opening for the ICA, which is the CC.
Regarding the ICA, the importance of measurements of the
CC has been previously estimated by various authors with
the aim to improve various surgical approaches to this part of
the ICA.11 There is a rapid development of the bony structure
of the CC before around the age of twoyears old, and after the
bony suture fuses, the development slows down. Also, the
inexistence of the anteroinferior wall of the CC bilaterally
was first reported in 1896. The absence or the deficiency of
the inferior wall of the CC is a vital disparitywhich can lead to
complications in surgeries of the base of the skull.12 Previous
studies have reported the absence of the inferior wall of the
CC, which had an incidence of only 1 in 325 cases, while in
other studies, 5 cases were found in 307 skulls.13,14

The measurements of the CC are noted in previous studies,
suchas theonebyWatanabeetal., and the transversediameter
in normal Japanese adults was of 5.27 � 0.62 mm, whereas it
was shorter (3.31 � 0.44 mm) in patients with adult-onset
moyamoya disease with ICA stenosis.9

The comparison of our parameters with the parameters of
other authors is shown in ►Tables 4, 5 and 6.5,15–17

Calguner et al have also obtained measurements of CCs
from 307 dry skulls, including 177 adult male and 130 adult
female skulls, and the values of the mean anteroposterior

diameter of the carotid canal were 6.82 � 1.56 and
6.50 � 1.46 (Mean � SEM) on the right and left sides of
male skulls, respectively. In the female skulls, these values
were 6.68 � 1.18 and 6.30 � 1.05 on the right and left side,

Table 4 Comparison of the mean transverse diameter of the
carotid canal

Study Right side Left side

Somesh et al5 6.310 � 0.641 6.195 � 0.804

Ahmed et al15 5.54 5.27

Shaikh
et al16

Male
(> 25 years
old)

5.33 � 0.8 5.46 � 0.8

Female
(< 25 years
old)

5.3 � 1.23 5.25 � 0.81

Abo
et al17

Male 5.7 � 0.69 5.58 � 0.67

Female 5.0 � 0.5 4.86 � 0.44

Present study 5.81 � 0.71 6.32 � 0.80

Table 5 Comparison of the mean anteroposterior diameter of
the carotid canal

Study Right side Left side

Somesh et al5 8.128 � 0.990 8.158 � 1.002

Ahmed et al15 6.795 6.285

Shaikh
et al16

Male
(> 25 years
old)

7.62 � 1.05 7.51 � 0.88

Female
(< 25 years
old)

7.0 � 0.65 7.26 � 1.03

Abo
et al17

Male 7.96 � 0.89 6.77 � 0.8

Female 7.0 � 0.65 6.77 � 0.6

Present study 7.76 � 0.88 7.89 � 0.88

Table 6 Comparison of mean distance between the center of
the carotid canal and the midsagittal plane

Study Right side Left side

Somesh et al (medial
edge)5

25.42 � 0.250 24.97 � 0.250

Ahmed et al15 26.14 26.02

Shaikh
et al16

Male
(> 25 years
old)

24.31 � 2.61 24.74 � 3.08

Female
(> 25 years
old)

23.68 � 2.83 24.29 � 2.62

Abo
et al17

Male 28.78 � 2.15 28.19 � 1.97

Female 26.4 � 1.4 25.99 � 1.5

Present study 26.41 � 2.72 25.93 � 2.33
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respectively. The mean transverse diameter on the right and
left side of male skulls were 4.86 � 2.34 and 4.60 � 1.05,
respectively. In the female skulls, these values were
4.59 � 0.87 and 4.33 � 0.91 on the right and left side,
respectively.13 In another study by Lang et al, the mean
anteroposterior diameter of the CC was 5.08 � 0.20 and
5.20 � 0.34 on the right and left sides of the skulls, respec-
tively. However, in both of these previous studies, the
measurements of the anteroposterior (long) diameter and
of the transverse (short) diameter of the internal opening of
the CC were taken, while in the present study the measure-
ments of the external aperture of the CC were taken.18

In a previous study by Calguner et al, the values of the
distance from the medial end of the external opening of the
CC to themidsagittal plane are 2.50 � 3.59 and 24.92 � 2.45
on the left and right sides for females, respectively, and
25.63 � 3.60 and 25.67 � 2.88 on the left and right sides
formales, respectively.13 In another study by Lang et al, these
values were 20.50 � 0.50 and 24.25 � 0.75 on the left and
right sides, respectively.12

Conclusion

Our study provides important information about the site of
the CC using various anatomical landmarks surrounding it in
the bases of the skulls of adult Indians. These linear dimen-
sions will facilitate neurosurgical procedures, thereby pre-
venting unpleasant complications.
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