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ABSTRACT
Introduction:
Carotico-Clinoid Foramen (CCF), as it forms a potential site for
compression of the internal carotid artery may be beneficial for
neurosurgeons and radiologists.

Knowledge about the ossification of the

Aim: To obtain a detailed knowledge of morphometry of Anterior
Clinoid Process (ACP) and Optic Strot (OS) and the type of ossification
of CCF which would be necessary to increase the success of
surgeries related to the cavernous sinus and internal carotid artery.

Materials and Methods: Parameters such as the length of ACP
from its base to the tip, the width at its base and the distance
between the tip of ACP to optic strut were measured in mm using
digital calipers. SPSS version 17 was used for the statistical
analysis. Paired t-test was applied to compare between right and

INTRODUCTION

Anterior Clinoid Process (ACP) is located on the medial end of the
lesser wing of the sphenoid bone. The Carotico-Clinoid Ligament
(CCL), joins ACP to the middle clinoid process (MCP) which is
sometimes ossified. Adural fold extending between the anterior
and middle clinoid processes or ossification of the CCL may result
in the formation of the Carotico Clinoid Foramen (CCF) [1].

The optic strut (OS) is a bony structure that is closely related to
the significant structures such as the cavernous sinus, the internal
carotid artery, the optic nerve and the pituitary gland [2].

In neurosurgical operations, the ACP is usually accessed to gain
entry into the clinoid space. Intracranial course of internal carotid
artery is related medially to the ACP. The presence of an ossified
CCL may form a potential site for compression of the internal
carotid artery. Variations in the ACP may pose a risk while it is
being removed in regional surgical procedures [3].

Knowledge about the ossification of the CCL would be essential
for neurosurgeons and radiologists in day-to-day clinical practice
[4]. During the surgical interventions on tumors and aneurysms
in the sellar region, mobilization of the ACP and the OS would
provide a better approach to the internal carotid artery and the
optic nerve. A massive ACP would pose difficulty during such
approach, which by removing can cause injury to optic nerve and
internal carotid artery [5,6].

According to Lang, CCF is formed by the ossification of the
carotico clinoid ligament during early childhood. The presence
of this foramen is of great importance to neurosurgeons since it
intervenes in the mobilization of the cavernous segment of the
internal carotid artery. A preoperative detection of CCF, by CT
imaging, has a huge clinical significance in surgical procedures
involving the cavernous segment of internal carotid artery [7].

Journal of Clinical and Diagnostic Research. 2016 Apr, Vol-10(4): AC05-AC07

left sides. Presence of carotico-clinoid foramen was observed
and was classified as incomplete, contact form or complete.

Results: The average length of ACP ranged from 12 to 15mm
on right side and 11 to 16mm on the left side. Paired t-test was
applied to compare the means between the right and left sides.
The width of ACP varied between right and left sides and this
difference was statistically significant (p<0.05). Out of 12 CCF
observed, the commonest type was incomplete (N=7) followed
by complete (N=3) and contact form (N=2).

Conclusion: Considering the immense anatomical surgical and
radiological importance of morphology of ACP, OS and CCEF, this
study highlighted the detailed morphometry of these structures.
The study also has explained the sexual dimorphism in their
morphology.
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AIM

Therefore, the present study was aimed to obtain a detailed
knowledge morphometry of ACP and OS and the type of
ossification of CCF which would be necessary to increase the
success of surgeries related to the cavernous sinus and internal
carotid artery.

MATERIALS AND METHODS

The present cross-sectional observational study was done in the
Department of Anatomy, Kasturba Medical College, Manipal during
the year 2014. A total of 27 skulls were included in the study.
Sexual dimorphism of the skulls was noted based on the criteria
given by Walrath et al., [8]. The skulls with damaged ACPs were
excluded from the study. Required parameters were measured in
mm using digital calipers.

The length of ACP was measured from its base to the tip and the
width at its base was noted. The distance between the tip of ACP
to optic strut (OS) was also measured. The measured parameters
are shown in [Table/Fig-1].

Presence of carotico-clinoid foramen was observed. If present,
its type was classified as incomplete, contact form or complete
according to the criteria given by Keyes, 1935 [9]. [Table/Fig-1,2].

STATISTICAL ANALYSIS

SPSS version 17 was used for the statistical analysis. Paired t-test
was applied to compare between right and left sides.

RESULTS

Out of 27 skulls included, 13 were males and 14 were females.
The average length of ACP ranged from 12 to 15mm on right side
and 11 to 16mm on the left side. Paired t-test was applied to
compare the means between the right and left sides. The width
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[Table/Fig-1]: The parameters measured.
ACP- Anterior clinoid process, OS- Optic strut
a- Length of ACP, b- Basal width of ACP and c- Distance from the tip of ACP to OS

&2/ &/

a: Incomplete (N=T) b: Contact form (N=2)

[Table/Fig-2]: Types of carotico-clinoid foramina.
a-Incomplete, b- Contact form and ¢c- Complete

Parameters Male (N=13) Female (N=14)
measured (in mm) Right Left Right Left
Length of ACP 12.07£1.77 12.46+1.39 12.21+1.69 12.28+1.62
Width of ACP 10.30+1.93 11.23+1.57 10.64+1.79 11.35+1.34
ACP-0OS 13.46+1.21 13.84+1.29 13.28+0.95 12.85+1.30

[Table/Fig-3]: Descriptive statistics of the sample studied.

Type of carotico- Male (N=13) Female (N=14)
clinoid foramen Right Left Right Left
Incomplete 2 1 1 3
Contact form 0 2 0 0
Complete 1 1 0 1

[Table/Fig-4]: Frequency distribution of presence of carotico-clinoid foramina.

of ACP varied between right and left sides and this difference
was statistically significant (p<0.05). The other dimensions did not
show any difference between two sides.

The parameters of ACP were compared between males and
females. The mean and standard deviations of these parameters
are shown in [Table/Fig-3].

Presence of bilateral carotico-clinoid foramina was observed in 5
skulls (3 males and 2 females). In one female and in one male
skull the carotico-clinoid foramen was observed only on left side.
Therefore a total of 12 carotico-clinod foramina were observed.
Out of these, the most common type was incomplete (N=7)
followed by complete (N=3) and contact form (N=2) [Table/Fig-4].
The frequency distribution of carotico-clinod foramina is given in
[Table/Fig-4].

DISCUSSION

The sella turcicais animportant area, due to its anatomical relations
with the cavernous sinus and its contents, sphenoid sinus and
pituitary gland. In the superior approach to the cavernous sinus,
radical removal of tumours amd paraclinoid aneurysms, complete
or partial removal of the ACP is an important step. Removing the
ACP in the presence of any abnormality in the anatomical structure
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of ACP combined with a completely ossified CCF, may have high
risk. The major risk is injury to the ICA. Therefore, understanding
the complex morphometric anatomy of ACP and knowledge of
the type of ossifications of the carotico-clinoid ligament can be
necessary to increase the success of surgery [8-10].

In a study done by Gupta et al., [11] the mean length of ACP on
right and left side were 11.1£1.49mm & 11.61+2.07mm. A study
done by Lee et al., [12] on Korean population, reported the average
length as 9.26+1.43 and 9.09+1.67mm & a study by Gupta et
al., [11] on Nepalese population reported 10.74+2.37mm, 9.91+
1.50mm on right and left side. A study by Kapur et al., [2] repored
the average length of the ACP in males 9.9+1.6mm on right and
9.3+1.4mm on left. The length in females was 9.3+1.6mm right
side and 8.9+2mm on left side. The present study reported higher
values when compared to the values in the literature.

Study done by Kapur et al., [2] reported the mean value of ACP
width in males on the right and left side as 9.4+1.4 and 9.1+1.7mm
respectively. In females it was 8.7+1.5mm on right and 8.3+2.1Tmm
onleft. Gupta et al., [11] reported the basal width of ACP 9.62+2.36
and 9.66+1.27mm on right and left side respectively. In a Korean
study by Lee et al., [12] the width of ACP was 9.97+1.58 and
9.29+1.39mm on right and left side respectively. The present
study reported higher values when compared to the values in the
literature. In the literature there are studies in which the thickness
of ACP was measured (Kapur et al., Gupta et al., [2,11]. But in the
present study the thickness was not considered.

The CCF s the result of ossification of caroticoclinoid ligament
or of a dural fold extending between anterior and middle clinoid
processes and ICA passes throughiit [1,13]. A study done by Gupta
et al., [11] out of total 50 sides in 25 skulls examined, CCF was
observedin 11 sides. Out of which complete foramen was observed
in 6%and incomplete in16%. In one skull bilateral complete CCF
was observed. It was absent in 78% cases. In previous studies
in the literature, occurrence of unilateral and incomplete CCF is
relatively more common (8 to 35%) than bilateral and complete
foramina (0.2 to 4%) [12,13]. The frequency of CCF has been
observed as 9.9% in Japanese,15.7% in Koreans, 17% in Alaskan
Eskimos, 23.4% in Sardinians, 34.84% in Caucasian Americans
and 35.67% in Turks [14]. These morphometric documentation is
helpful when dealing with vascular neoplastic or traumatic lesions
of the sellaturcica or skull base regions [11].

In a study by Ozdogmus et al., [15] out of 100 CCF examined,
in 27 sides, the carotico-clinoid ligament was completely ossified
in 18 sides, and was incompletely ossified and in 55 sides it was
a ligamentous structure. Deopujari et al., [3] studied 54 skulls, in
which ossification between clenoid processes were observed in
16 skulls. Complete CCF was seen in 15.74% and incomplete
in10.18%. Bilateral carotido-clenoid foramen was observed in
5 skulls (9.2%) and bilateral presence of osseous interclenoid
ligament was seen in single skull only.

Hochstetter [16] and Kier [17] postulated that an osseous CCF
was a developmental anomaly and showed its existence in the
fetal and infant skulls. Further, of 120 adult and 45 prepubescent
skulls examined by Lang [7], 12 had the completely ossified type
of CCF, of which 9 were adult and 3 were juvenile. In one female
and in one male skull the carotico-clinoid foramen was observed
only on left side. Therefore a total of 12 carotico-clinod foramina
were observed. Presence of bony CCF may cause compression,
tightening or stretching of ICA. Surgical procedures involving
cavernous sinus, ACP and optic canal become difficult in such
cases. Therefore anatomical knowledge about the CCF is important
for radiologist and surgeons.

Kapur et al., found that the optic strut was attached to the anterior
fifth of ACP in 11.6% cases on the right side, and in 14.5% on the
left. Its attachment to the anterior two fifths of the process was
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observed in 42% on the right side and 47.8% on the left side [2].
In the present study the distance was measured between the tip of
ACP and medial end of OS which did not vary significantly between
the sides and also did not show any significant gender differences.
These parameters would be of surgical importance in preventing
injury to ICA during the surgical procedures on cavernous sinus
and suprasellar region.

LIMITATION

The sample size of the study was too small, that would be a
hindering factor to generalize the hypothesis.

CONCLUSION

Considering the immense anatomical surgical and radiological
importance of morphology of ACP, OS and CCF, this study
highlighted the detailed morphometry of these structures.
The study also has explained the sexual dimorphism in their
morphology.
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