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Background: The dural fold between anterior and middle clinoid processes on 
mineralisation leads to the formation of caroticoclinoid foramen (CCF). Different 
morphology of this foramen presents with different clinical features. The present 
study reports the frequency of CCF in the population of Bihar, while providing 
an account of assimilated information from previous literature regarding the 
association of caroticoclinoid ligament ossification with age and human genetics.
Materials and methods: The study was conducted on 100 adult dry human skulls 
of unknown age and sex, and 50 lateral view radiographs of the head. 
Results: Of the 100 dry skull bones, 9 presented with different forms of CCF. Bilat-
eral complete foramina were noticed in 2 (2%) skull bones, while the incomplete 
foramina were observed bilaterally in 3 (3%) and unilaterally in 4 (4%) skulls. The 
lateral view radiograph data (n = 50) presented with a bilateral foramen in one 
subject and unilateral complete CCF in two different subjects. On measurements 
of the diameters of the complete CCF the mean values observed were 4.06 mm 
and 4.51 mm on the right side, while that on the left side were 5.15 mm and 
4.14 mm. For the incomplete foramina, the mean values for the vertical diameter 
were 4.48 mm on the right and 4.19 mm on the left side, respectively. 
Conclusions: The frequency of CCF in the present study population of Bihar was 
much lesser than that of previously studied populations. However, the variation in 
frequency of different morphological types of CCF was observed to be the same 
across populations. The variations in CCF’s metric data could help in predicting the 
morphological changes it causes to the clinoidal segment of the internal carotid 
artery, as well as in distinguishing its varieties. (Folia Morphol 2023; 82, 1: 108–118)
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INTRODUCTION
Henle [see 20] was the first to describe the caroti-

coclinoid foramen (CCF) formed by the presence of 
an osseous bridge between the tip of the middle 
and anterior clinoid processes (Fig. 1A). The anterior 

clinoid process (ACP) is prolongation of medial end 
of lesser wing of sphenoid, whereas the middle cli-
noid process (MCP) is present on either side of the 
tuberculum sellae. The dural fold between ACP and 
MCP (also called as caroticoclinoid ligament [CCL]) 
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on ossification leads to the formation of CCF, while 
the ossified fold between ACP and posterior clinoid 
process (PCP) (also known as interclinoid ligament 
[ICL]) is termed as the “sella turcica bridge” (STB) and 
forms the interclinoid foramen (ICF) [5, 47].

The literature mentions multiple classification by 
different authors regarding the morphology (com-
plete, contact, and incomplete [with or without 
spicules] types) of CCF. Different morphological pat-
terns of the foramen present with different clinical 
features. The complete foramen (Fig. 1A) can present 
with severe headache due to compression and spon-
taneous rupture of the clinoidal segment of internal 
carotid artery (ICA) [47]. Incomplete CCF (Fig. 1B) can 
further be classified into contact type and one with 
spicules on ACP or MCP. The latter can cause rupture 
of ICA and may lead to the formation of carotico-cav-
ernous sinus fistula, a direct communication between 
the ICA and cavernous sinus [5, 21]. The varied clinical 
presentations raise the query related to the aetio-
pathogenesis of the foramen, which indeed is related 
to the ossification of the dural fold or the ligament.

Mineralisation or ossification physiologically oc-
curs in two types of human tissue, the bone, and 
tooth. Occurrence of ossification in other tissues is 
referred to as ectopic calcification. Touska et al. [55] 
mentioned that ectopic calcification or mineralisation 
of skull base ligaments occurs later in life as a result of 
interaction between many factors, including genetic, 

mechanical stress, and metabolic [55]. Ossified skull 
base ligaments have been reported in different age 
groups, but when observed in children without any 
evident stimuli as mentioned above may explain the 
embryological basis, termed as atavistic (i.e., repre-
senting evolutionary remnants), on account of the 
presence of similar ossified structures in non-human 
species [11]. 

Since being explained by Henle [see 20], numerous 
populations based radiographic, autopsy and dry 
skull bone studies have reported the frequency of 
CCF, while trying to explain few aetiological associa-
tions with age and diseases. None of these findings 
were reproduced in following studies till date. The 
present study while reporting the frequency of CCF 
in the population of Bihar, also provides an account 
of assimilated information from previous literature 
regarding the association of frequency of CCF with 
age and human genetics.

MATERIALS AND METHODS
The multicentric retrospective study was conduct-

ed on 100 adult dry human skulls of unknown age and 
sex, and 50 lateral view radiographs of the head. The 
present study was done in Department of Anatomy 
at All India Institute of Medical Sciences, Patna while 
dry skull bone data were also collected from other 
major medical institutes of Bihar. The radiological 
data of those patients whose lateral view of head 

Figure 1. A. Specimen of skull base showing sella turcica and bilateral complete caroticoclinoid foramen (CCF) formed between anterior  
clinoid process (ACP) and middle clinoid process (MCP). Red coloured polyvinyl chloride wire inserted in the CCFs used to measure the  
diameter of the foramen; B. Specimen of skull base showing sella turcica and bilateral incomplete CCF with spicules extending from ACP. 

A B
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was taken for non-cranial pathologies were collected 
from archives of Department of Radiodiagnosis at 
All India Institute of Medical Sciences, Patna. Prior 
approval from ethics committee of the above men-
tioned institute was taken to conduct the study, and 
the requirement of the informed patient consent for 
utilising stored radiographic data from the depart-
mental archives was waived off.

The following parameters were observed:
 — presence or absence of CCF;
 — type of foramen (complete/incomplete, unilateral/ 
/bilateral);

 — shape of the CCF, if present;
 — antero-posterior diameter and vertical diameter 
of CCF, if present.
All the above parameters were observed in dry 

skull bones, while in the radiographs only the first two 
parameters were noted. In addition, the frequency 
of the coexisted ossified variants of the ICF (foramen 
formed by ossification of STB between ACP-PCP and 
that formed by ossification of interclinoid ligament 
between MCP-PCP) were also observed on the dry skull 
and radiographic specimens. In the radiological data, 
age, and gender wise frequency for CCF was observed.

The present study comprised of skulls in which 
the vaults were removed so that the upper surface of 
sphenoid bone could be visualised. Skulls with broken 

sphenoid bone were excluded. The dry skull speci-
mens without any visible deformity in upper surface 
of sphenoid bone were included. All observations and 
measurements were taken twice, independently by 
two observers. Mean value of the measurements by 
the two observers were taken as the accurate value 
for each parameter. 

Probes of known dimensions (Polyvinylchloride 
Wire of known calibrated diameter of 5.5 mm) were 
used to measure the diameter of the CCF. Measure-
ments were also recorded in millimetres (mm) using 
Mitutoyo digital vernier callipers (precision 0.01 mm; 
Kawasaki, Japan). 

RESULTS
Of the 100 dry skull bones, 9 presented with differ-

ent forms of CCF. Bilateral complete foramina (Fig. 1A) 
were noticed in two skull bones, while the incomplete 
foramina (Fig. 1B) were observed bilaterally in 3, and 
unilaterally in 4 skulls of which 3 were on the left and 
one was on the right side. 

One of the skulls with bilateral CCF also presented 
with the “sella turcica bridge” joining the ACP, MCP, 
and PCP bilaterally (Fig. 2A, B). On the left side, the 
bridge formed the CCF between the ACP and MCP, 
while a contact type ICF was formed between MCP 
and PCP having a thin gap between the extensions 

A B

Figure 2. A. Specimen of skull base showing left side of the sella turcica. Sella turcica bridge (STB) is formed by the ossified connection 
between anterior clinoid process (ACP), middle clinoid process (MCP), and posterior clinoid process (PCP). Caroticoclinoid foramen (CCF) 
formed underneath the ossified segment connecting ACP and MCP, housing the internal carotid artery. Interclinoid foramen (ICF) formed  
underneath the segment connecting MCP and PCP; B. Right side of the sella turcica in a skull base specimen showing STB, ACP, MCP, PCP,  
CCF, and ICF. The unique feature of a low lying osseous bar connecting MCP and right lateral border of dorsum sella, theoretically, forming  
a foramen around the inferior intercavernous sinus; L — left; R — right.
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of the two processes towards each other respectively 
(Fig. 2A). On the right side of the sella turcica, the 
bridge forms a CCF and the ICF. The ICF was divided 
into two foramina by an osseous bar between the 
MCP and the midpoint of the right lateral border 
of the dorsum sella (Fig. 2B). The right lateral radio-
graphic view of the concerned skull also confirmed the 
ossification of the bridge and the osseous bar (Fig. 3).  
The second specimen presenting with bilateral CCF 
had no “sella turcica bridge”; therefore, the ICF was 
also absent (Fig. 1A). 

Among the dry bone specimens having incomplete 
foramina (n = 7), an extension from the ACP was 
observed which was distant from the prominent MCP. 
In three of these specimens, the extensions from the 
ACP were in the form of pointed spicule, which can 
be classified as type III (dangerous type) CCF, based 
on Keyes classification.

On measurements of the antero-posterior and ver-
tical diameter of the complete CCF, the mean values 
observed were 4.06 mm and 4.51 mm on the right 
side while that on the left side were 5.15 mm and  
4.14 mm. For the incomplete foramina, the mean 
values for the vertical diameter were 4.48 mm on 
the right and 4.19 mm on the left side, respectively.

The lateral view radiograph data (n = 50) present-
ed with one bilateral and two unilateral complete 

CCF. The sample comprised of 25 radiographs from 
each gender with an age range of 12 to 73 years. The 
bilateral complete CCF was observed in a 43-year-
old male, while the unilateral incomplete ones were 
observed on the right lateral view radiograph of  
a 27-year-old male, and a 17-year-old female.

DISCUSSION
The dural folds or the ligamentous structures (CCL) 

extending between the ACP and MCP on ossification 
leads to the formation of CCF. The total frequency of 
CCF in the present study population of Bihar (9%) 
though varies differently with individual reports of 
certain population, but when compared to the total 
reported values of those populations, it is on the 
lesser side to that of the Caucasian (25.9%), Turkish 
(20.51%), South Indian (21.06%) and Gujrat region 
(12.5%) populations (Table 1) [1, 4–7, 9, 15, 18–20, 
31, 33, 35, 37, 45, 48–51, 53]. The frequency of 
CCF is more in Caucasian and Turkish population as 
compared to the oriental population, which could 
be explained on the basis of racial differences. Sim-
ilar patterns were observed when the frequency of 
CCF was observed in the present study based on 
the morphological classification given by Keyes [31] 
(Complete, Contact, Incomplete types) and then was 
compared with those reported in the previous liter-
ature (Table 2) [1, 4, 5, 7, 10, 16, 20, 22, 28–31, 35, 
45, 47, 49–51].

Radiographical data reporting the morphologi-
cal presentation of CCF based on their laterality are 
collected from the CT scans/angiograms and lateral 
view radiographs. The CCF observed in present study 
radiographs had only complete morphological forms 
with a bilateral frequency of 2% and a unilateral fre-
quency of 4% specimens, respectively. This frequency 
observed in the present study was slightly higher than 
that reported for unilateral complete CCF in United 
Kingdom population (Table 3) [3, 8, 14, 22, 25, 34, 
36, 40–42, 46, 54, 55]. 

The data on morphological types of CCF as per 
the classification given by Keyes [31] varies similarly 
in different types of populations being reported over 
nine decades. Of the three types, the incomplete 
variety (type III) or the dangerous type is the most 
common followed by the complete (type I), and then 
the contact type (type II) (Table 2). Keyes [31] report-
ed the frequency of incomplete CCF to be 19.1% in 
Caucasian Americans, while the same was observed 
to be as high as 36.6% by Natsis et al. [45] in the Cau-

Figure 3. Radiograph of right lateral view of the skull base speci-
men presenting with sella turcica bridge (STB), anterior clinoid pro-
cess (ACP), middle clinoid process (MCP), posterior clinoid process 
(PCP), caroticoclinoid foramen (CCF), interclinoid foramen (ICF), 
and a foramen around the inferior intercavernous sinus formed by 
a low-lying osseous bar connecting MCP and right lateral border of 
dorsum sella; IICS — inferior inter-cavernous sinus.
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casian population of Greece. Though the frequency 
of incomplete variety was presented to be 46.6% in 
Hamann-Todd Osteological Collection by Sharma et 
al. [50], but the ethnicity of the collection cannot be 
fixed. Whenever this common variety presents with 
a pointed spicule it is then referred to as the danger-
ous type because of its ability to puncture the ICA. 
The next common variety, the complete CCF, can be 

considered as a bony distal dural ring [46]. The con-
tact-type CCFs are rarely reported. The Hamann-Todd 
Osteological Collection study for CCFs by Sharma et 
al. [50] reported its frequency in 2.75% samples. 
Becktor et al. [8] in their cephalometric radiograph 
study had presented the contact and incomplete STB 
as a common variety (type B in the study), the STB 
is responsible for converting the space between the 

Table 1. Comparing the prevalence of caroticoclinoid foramen based on their laterality of occurrence observed in present study with 
those reported in literature

Study Population/Region Number 
of skulls

Caroticoclinoid foramen [n (%)] Sella turcica 
bridgeUnilateral Bilateral Total

Keyes (1935) [31] Caucasian American 2187 — — 600 (27.46%) 189 (8.68%)

Azeredo et al. (1988) [6] Portuguese 270 6 (2.22%) 11 (4.05%) 17 (6.27%) 9 (3.04%)

Inoue et al. (1990) [28] Caucasian American 50 11 (22%) 7 (14%) 18 (36%) 2 (4%)

Cireli et al. (1990) [15] Turkish 50 3 (6%) — 3 (6%) 1 (2%)

Deda et al. (1992) [18] Turkish 88 6 (6.82%) 7 (7.95%) 13 (14.77%) 4 (4.54%)

Gurun et al. (1994) [26] Turkish 198 16 (8.08%) 11 (5.55%) 27 (13.63%) 2 (1.01%)

Lee et al. (1997) [35] Korean 73 15.7% 1.4% 17.1% —

Erturk et al. (2004) [20] Turkish 171 41 (23.98%) 20 (11.69%) 61 (35.67%) 14 (8.18%)

Peker et al. (2006) [48] Turkish 80 — — — 21 (26.6%)

Skrzat et al. (2006) [53] Polish 80 7 (8.75%) 6 (7.5%) 13 (16.25%) 11 (13.7%)

Archana et al. (2010) [4] Indian 250 23 (9.2%) 7 (2.8%) 30 (12%) 55 (22%)

Desai et al. (2010) [19] South India region 223 53 (23.74%) 30 (13.45%) 83 (37.19%) —

Boyan et al. (2011) [9] Turkish 34 — — 4 (11.8%) —

Kolagi et al. (2011) [33] South India region 112 6 (5.35%) 3 — 9 (8.04%)

Aggarwal et al. (2011) [1] Western India 70 — — 15.72% —

Freire et al. (2011) [23] Brazilian 80 7 (8.75%) 2 (2.5%) 5 (6.25%) —

Fernandez-Miranda et al. (2012) [22] Caucasian American 50 10 (20%) 3 (6%) 13 (26%) —

Kanjiya et al. (2012) [29] Gujarat region 200 11 (6.5%) 18 (9%) 29 (14.5%) 15 (7.5%)

Kapur et al. (2012) [30] Bosnian 200 19 (9.25%) 15 (7.5%) 33 (16.5%) 13 (6.5%)

Magadum et al. (2012) [37] South India region 50 3 (6%) — 3 (6%) —

Shaikh et al. (2013) [51] Western India 100 10 (10%) 14 (14%) 24 (24%) —

Archana et al. (2013) [5] South India region 50 1 (2%) 1 (2%) 2 (4%) —

Bansode et al. (2017) [7] South India region 35 2 (5.75%) 5 (14.2%) 7 (20%) —

Purohit and Singh (2018) [49] Gujarat region 200 15 (7.5%) 6 (3%) 21 (10.5%) 4 (2%)

Natsis et al. (2018) [45] Greece 123 39 (31.7%) 35 (28.4%) 74 (60.1%) 24 (19.5%)

Sharma et al. (2018) [50] Hamann-Todd Osteological collection 2726 — — 1854 (68%) 224 (8%)

Caucasian* 2960 92 (3.1%) 77 (2.6%) 768 (25.9%) 248 (8.5%)

Turkish population** 621 66 (10.6%) 38 (6.1%) 145 (23.3%) 42 (6.7%)

South India region*** 470 65 (13.89%) 39 (8.3%) 99 (21.06%) 9 (1.91%)

Gujrat region**** 400 26 (6.5%) 24 (6%) 50 (12.5%) 21 (5.25%)

Present study Bihar region 100 7 (7%) 2 (2%) 9 (9%) 1 (1%)

*Average results presented for the Caucasian population from Keyes (1935), Azeredo et al. (1988), Inoue et al. (1990), Kapur et al. (2012), Skrzat et al. (2012), and Natsis et al. (2018)
**Average results presented for Turkish population from Cireli et al. (1990), Deda et al. (1992), Gurun et al. (1994), Erturk et al. (2002), Peker et al. (2006), Bopyan et al. (2011)
***Average results presented for South Indian population from Desai et al. (2010), Kolagi et al. (2011), Magadum et al. (2012), Archana et al. (2013), and Bansode et al. (2017)
****Average results for Gujrat region from Kanjiya et al. (2012), and Purohit and Singh (2018)
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clinoid processes into a foramen. Ota et al. [46] men-
tioned that it is difficult to distinguish between the 
contact and incomplete variety of CCF intraoperatively 
and on preoperative computed tomography (CT), 
forcing them to classify the CCFs into two varieties 
only. Such reasons add to the limited reporting of 
the contact type CCF. Though Suprasanna et al. [54] 
reported the frequency of the contact variety CCF 
as 9.2% in a CT angiography study of south Indian 
population. The report included 1.8% frequency for 
bilateral contact variety CCF and 5.5% frequency for 
unilateral presence of contact variety CCF (Table 3). 

The unilateral CCF are more frequently observed 
than the bilateral ones in dry skull data reported in 
literature from different populations (Table 1). The 
present study too observed a three times higher fre-
quency of the unilateral CCF. Radiographic data from 

lateral view cephalometric studies, CT angiograms, 
and scans of head region presented with observations 
similar to the dry skull data regarding laterality of CCF, 
with the exception of the tomographic study data by 
Touska et al. [55]. They reported higher proportions 
of bilateral CCF (10.1%) in Caucasians of United King-
dom (Table 3). 

Many of the radiological studies based on the 
ossification of the ICL or CCL have analysed the asso-
ciation of the ligamentous ossification with age and 
sex [14, 25, 36, 54, 55]. Most of these studies have 
reported no significant association for the ossification 
of ICL or CCL in either of the genders [14, 25, 36, 
54, 55]. A positive correlation between age and ICL 
or CCL ossification was reported by Cederberg et al. 
[14] and Leonardi et al. [36], whereas Suprasanna 
et al. [54], Gibelli et al. [25], and Touska et al. [55] 

Table 2. Comparing the prevalence of caroticoclinoid foramen based on their morphology as observed in present study with those 
reported in literature

Study Population/Region Number 
of skulls

Caroticoclinoid foramen [n (%)]

Incomplete Contact Complete

Keyes (1935) [31] Caucasian American 2187 418 (19.15%) 0 155 (7.08%)

Inoue T et al. (1990) [28] Caucasian American 50 16 (32%) 0 1 (2%)

Lee et al. (1997) [35] Korean 73 8 (11.60%) 0 3 (4.10%)

Erturk et al. (2004) [20] Turkish 171 25 (14.91%) 0 6 (4.09%)

Ozdugmus et al. (2003) [47] Turkish 50 0 0 3 (6%)

Archana et al. (2010) [4] Indian 250 17 (6.8%) 0 9 (3.6%)

Aggarwal et al. (2011) [1] Western India 70 9 (12.8%) 0 2 (2.8%)

Kanjiya et al. (2012) [29] Gujarat region 200 5 (2.5%) 0 16 (8%)

Fernandez-Miranda et al. (2012) [22] Caucasian American 50 — — 16 (32%)

Kapur et al. (2012) [30] Bosnian 200 19 (9.5%) 0 9 (4.5%)

Shaikh et al. (2013) [51] Western India 100 16 (16%) 0 4 (4%)

Archana et al. (2013) [5] South India region 50 1 (2%) 0 1 (2%)

Dagtekin et al. (2014) [16] Turkish 40 0 0 2 (5%)

Brahmbhatt et al. (2015) [10] Gujrat region 50 0 0 1 (2%)

Bansode et al. (2017) [7] South India region 35 3 (8.5%) 0 2 (5.7%)

Purohit and Singh (2018) [49] Gujarat region 200 10 (5.0%) 0 11 (5.5%)

Natsis et al. (2018) [45] Greece 123 45 (36.6%) 0 29 (23.6%)

Sharma et al. (2018) [50] Hamann-Todd Osteological collection 2726 1275 (46.6%) 75 (2.75%) 504 (18.48%)

Caucasian* 2745 552 (20.4%) 0 226 (8.23%)

Turkish population** 261 25 (9.5%) 0 11 (4.2%)

South India region*** 85 4 (4.7%) 0 3 (3.5%)

Gujrat region**** 450 15 (3.3%) 0 28 (6.2%)

Present study (2021) Bihar region 100 7 (7%) 0 2 (2%)

*Average results presented for the Caucasian population from Keyes (1935), Inoue et al. (1990), Leonardi et al. (2006), Kapur et al. (2012), and Natsis et al. (2018)
**Average results presented for Turkish population from Erturk et al. (2002), Ozdogmus et al. (2003), and Dagtekin et al. (2014)
***Average results presented for South Indian population from Archana et al. (2013), and Bansode et al. (2017)
****Average results for Gujrat region from Kanjiya et al. (2012), Brahmbhatt et al. (2015), and Purohit and Singh (2018)
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mentioned that no significant correlation was found 
between the entities.

Most of the reported data on CCF is mainly con-
cerned with its frequency in different populations as 
well as the effects it possesses on the nearby neuro-
vascular structures. The dimensions of CCF are merely 
documented, and if so, that too only for the complete 
ones. The vertical diameter of the complete foramen 
on either side for the present study data is higher 
than that reported in the literature, while that for 
the antero-posterior (AP) diameter is lesser than that 
reported by Freire et al. [23] and Ozdugmus et al. [47] 
on either side. The vertical diameter measurements 
for incomplete foramina were not found in the litera-
ture, therefore couldn’t be compared with the present 
study findings (Table 4) [23, 38, 47]. The variation in 
dimensions of CCF could help in predicting the mor-

phological changes it causes to the clinoidal segment 
of the ICA [17]. Also, the CCF’s metric data could be 
used to advantage in cases where it becomes difficult 
to distinguish between the varieties of the CCF, as 
was explained by Ota et al. [46]. These could be vital 
for neurosurgeons as the measurements could be 
obtained preoperatively from the digital radiographs 
or CT scans.

The embryological development of sphenoid bone 
in mammal occurs from two components: first, the 
basi-post-sphenoid and the orbito-sphenoid, being 
derived from cephalic mesoderm, and second, the 
basi-pre-sphenoid and the ali-sphenoid from neural 
crest cells. The two primordia have different genetic 
control which adds to their heterogeneity [13]. The 
literature cites numerous evidences explaining the 
development of anomalous structure from the neural 

Table 3. Comparing the radiological prevalence of caroticoclinoid foramen based on their laterality and morphology as observed in 
present study with those reported in literature

Study Population/ 
/Region

Sample size (n) Age 
range 

[years]

Gender 
distribu-

tion

Caroticoclinoid foramen [n (%)]

Incomplete Complete Contact

Becktor et al. (2000) [8] Denmark 177 lateral view cepha-
lometric radiographs

— — — 33 (18.6%) —

Cederberg et al.  
(2003) [14]

Caucasian 
American

255 lateral view cepha-
lometric radiographs

8–76 M = 114
F = 141

185 (72.5%) 21 (8.2%) —

Leonardi et al.  
(2006) [36]

Italian 135 lateral view cepha-
lometric radiographs

8–16 — 54 (40%) 16 (11.9%) —

Alkofide (2007) [3] Saudi  
Arabian

180 cephalograms 10–26 M = 90
F = 90

— 2 (1.1%) —

Marsan and Oztas  
(2009) [40]

Turkish 118  cephalograms 21–32 F = 118 — 14 (11.86%) —

Meyer-Marcotty et al. 
(2010) [41]

German 400 cephalograms 16 - 34 — — 56 (14%) —

Fernandez-Miranda et al. 
(2012) [22]

Caucasian 
American 

100 CT angiograms — — — U/L = 20 (20%); 
B/L = 6 (6%)

—

Kucia et al. (2014) [34] Polish 322 lateral view cepha-
lometric radiographs

9–16 — 22 (6.8%) 16 (4.9%) —

Ota et al. (2015) [46] Japan 72 CT angiograms for 
para-clinoid aneurysm

31–78 M = 8
F = 64

9 (6.25%) 9 (6.25%) —

Miller et al. (2017) [42] Caucasian 
American

150 maxillofacial CT 31–68 M = 75
F = 75

---- 63 (42%) —

Suprasanna et al.  
(2017) [54]

South India 54 CT cerebral angiog-
raphy studies showing 
para-clinoid aneurysms

18–70 M = 24
F = 30

11 (20.37%)
U/L = 7 (12.96%); 

B/L = 2 (3.7%)

8 (14.8%)
U/L = 4 (7.4%); 
B/L = 2 (3.7%)

5 (9.2%)
U/L = 3 (5.5%); 
B/L = 1 (1.8%)

Gibelli et al. (2018) [25] Italian 300 CT head scans 18–99 M = 150
F = 150

— 26 (8.7%) —

Touska et al. (2019) [55] United  
Kingdom

240 CT studies 6–80 M = 119
F = 121

10 (4.1%) 15 (6.2%) —

Present study (2021) Bihar 50 lateral view radio-
graphs of the head

12–73 M = 25
F = 25

2 (4%) [U/L] 1 (2%) [B/L] —

B/L — bileteral; CT — computed tomography; F — female; M — male; U/L — unilateral
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crest, such as cleft palate, palatal displacement of 
canines, and neck skeletal elements in cases of pontic-
ulus posticus [25]. This association of the neural crest 
cells with anomalies might also explain the ectopic 
ossification of CCL as a developmental anomaly. 

The ectopic calcification of the CCLs, which are 
soft tissue elements, can also be a part of genetic 
syndromes such as Gorlin-Goltz syndrome, clinical-
ly known as Nevoid basal cell carcinoma syndrome 
(NBCCS) [39] or can be caused due to mutations 
in genes preventing mineralisation (osteopontin or 
matrix Gla protein gene) [43, 52].

One of the protected structures underneath the 
dural fold or ligaments between the clinoid processes 
is ICA, which at the termination of carotid sulcus pass-
es through an osseo-ligamentous opening bounded 
superiorly by the ACP, postero-inferiorly by the MCP, 
anteriorly by the lateral edge of tuberculum sella, 
and postero-superiorly by the CCL between the two 
processes [21]. Clinically, the ossified CCL can pres-
ent with severe headache due to traction on the ICA 
[47], and radiographically it may be misdiagnosed as  
a para-posterior communicating arterial aneurysm on 
CT angiography [27]. In conditions requiring surgical 
exposure of ICA and cavernous sinuses, such as clinoi-
dal segment aneurysm or in removal of central skull 
base tumour (skull base meningiomas, craniopharyn-
giomas, supra-sellar extended pituitary adenomas), 
the ossified ligament could warrant excessive manip-
ulation and drilling during anterior clinoidectomy, 
thus may lead to damage or rupture of the ICA [50]. 
In endoscopic procedures, the endonasal approach 
to the pituitary gland can be complicated due to 
the ossified CCL as it obscures the MCP presentation 
which acts as a landmark for the anteromedial dome 
of cavernous sinus and for the progression of ICA 
from its clinoidal segment to its cavernous part [22]. 
To diagnose such clinical scenarios, or to clarify the 

radiographic confusion, and to foresee the surgical 
complications presented by the CCF, it is mandato-
ry to have the pertinent knowledge and awareness 
regarding the occurrence and frequency of the CCF 
formed due to the ossified CCL. 

The clinical implications and intra-op surgical 
complications of CCF are mainly due to ossification 
of the CCL which renders the foramen unyielding to 
the underlying structures and hinders their surgical 
exposure [44]. Various researchers have tried to as-
sociate this ectopic ossification with endocrinological 
disorders [48], infectious diseases [12, 25], cranio-fa-
cial deviations [8], ageing [25, 45], and developmental 
anomaly [32]. While the literature nullifies the role 
of endocrinological disorders and infectious diseas-
es in the aetiology of the ossified ligament, it does 
provide contradicting evidence regarding the role 
played by ageing in the same where some authors 
have reported ectopic ossification of the CCL as an 
age-related change [14, 36] while others have refuted 
the same with evidence [25, 45, 54, 55]. Also, there 
have been a few logical scientific explanations (but 
no experimental proof) indicating that the complex 
embryology [13], and genetics [25, 43, 52] can play 
a crucial role in the aetiopathogenesis of CCF. 

The present study authors in one of their previous 
reports have mentioned the unique finding where the 
ICF was divided into two foramina by an osseous bar 
between the MCP and the midpoint of the right lat-
eral border of the dorsum sella (Figs. 2B; 3) [44]. The 
foramen beneath the osseous bar was supposed to be 
formed around inferior inter-cavernous sinus, which 
may pose same radiological and intra-op surgical 
complications as have been discussed for CCF. Similar 
finding had been previously reported by Galdames et 
al. [24] on the left side in an osteological case report 
but didn’t provide any theories about the finding. 
Localised compression of the inferior inter-cavernous 

Table 4. Comparing reported data of foraminal parameters with those of present study

  Measurements of caroticoclinoid foramen [mm]

RIGHT LEFT

Complete Incomplete Complete Incomplete

AP Vertical Vertical AP Vertical Vertical

Ozdogmus et al. (2003) [47] 5.14 — —
—
—
—

4.48

5.25 — —

Freire et al. (2011) [23] 5.23 — 5.23 — —
—Mallik and Sawant (2015) [38] 4.01 3.64 4.12 3.6

Present study (2021) 4.06 4.51 5.15 4.14 4.19

AP — antero-posterior
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sinus due to the unyielding foramen around it can be 
viewed as dilation on sagittal T1-weighted magnetic 
resonance imaging images, a false positive radiolog-
ical sign for intracranial hypotension [2]. 

CONCLUSIONS
Intricate knowledge of the CCF is of paramount 

importance in treatment of clinoidal segment an-
eurysm of ICA, arterio-venous malformation, and 
while approaching the central skull base tumours. 
Topographically, CCF is crucial because of its vicinity 
with sphenoidal sinus, cavernous sinus, and pituitary 
gland. The frequency of CCF in the present study pop-
ulation of Bihar was much lesser than that of the Cau-
casian, Turkish and other Asian populations. However, 
the variation in frequency of different morphological 
types of CCF was observed to be the same across 
populations. Where the incomplete type of CCF was 
the most common variety followed by the complete 
and contact type. The difficulty to distinguish the 
contact type from the incomplete type on the preop-
erative CT scans or during operative procedures and 
being classified together with the incomplete type are  
a few reasons for the meagre reporting of the contact 
type. The CCF was observed to be more prevalent as 
a unilateral entity in both the dry skull and radiolog-
ical data across populations. The variations in CCF’s 
metric data could help in predicting the morpho-
logical changes it causes to the clinoidal segment of 
the ICA, as well as in distinguishing its varieties. The 
frequency of CCF depends on various factors such 
as age, embryology, and genetics. The association of 
ageing with the ossification of CCL has contradictory 
evidence in literature, while the embryological theory 
of sphenoid bone formation from different primor-
dia does explain the ossification as a developmental 
anomaly. The pre-op radiological examination of the 
head helps in confirming the extent and morphol-
ogy of the ligamentous calcification which in turn 
prevents surgical complications, misinterpretation 
of para-posterior communicating arterial aneurysm 
on CT angiography, and intracranial hypotension on 
sagittal T1-weighted magnetic resonance imaging 
images. The present study in Bihar region needs more 
data for both the dry skull and radiological samples, 
to be compared comprehensively with populations 
having large data base. Data of different parameters 
of the CCF along with the points to measure them on 
radiological entities would help the neurosurgeons 
to better utilize the morphometric aspect of the fo-

ramina during surgical procedures. As the sensitivity 
of CT scans in distinguishing the varieties of CCF has 
emerged as an issue, it provides the scope of further 
studies on the entity. 
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