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MORPHOLOGICAL VARIATION OF ANTERIOR 
CLINOID PROCESS IN DRY HUMAN SKULLS

ABSTRACT

1* 2 2 2Dhakal A , Mehta U , Chaudhary R , Sah S   

Introduc�on

The anatomical rela�onship of the Anterior Clinoid Process 

(ACP) with its neighboring structures in the base of the skull 

is complex with different varia�ons. Thus, study of its 

morphology is essen�al in defining and direc�ng surgery.

Objec�ve

This study aims to inves�gate the anatomy of the anterior 

clinoid process and prevalence of Caro�coclinoid foramen 

(CCF) to highlight its varia�ons.

Methodology

The measurements were performed in 31 dry human skulls 

to define the structure of ACP, the presence of CCF and other 

relevant landmarks using digital Vernier Calipers. 

Result

The mean length, basal width and thickness of the right ACP 

was 9.88+/- 1.36 mm, 8.72+/-1.50 mm, and 5.21+/-1.83 mm 

respec�vely and that of the le� was 10.30+/-1.47, 8.73+/-

1.71, and 5.33+/-1.60 mm respec�vely.  Paired t-test was 

used to compare the mean of these sides. Type III was the 

most common form of ACP for both the sides. Out of 31 

skulls, CCF was observed in 12 (38.7%) skulls with 7 (22.6%) 

in right and 5 (16.13%) in le� side. Distances between 

neighboring ACP's, between Posterior Clinoid process (PCP), 

between ACP to Crista Galli (CG) and ACP to PCP were 

24.41+/-2.32, 20.01+/-3.23, 31.6+/-2.20, and 8.30+/-3.10 

mm respec�vely.

Conclusion

The base width, length and thickness of ACP in our study 

have findings comparable to some white dissimilar to a few 

studies found in the literature. There was 38.7% unilaterally 

iden�fy CCF without side differences and 0% Sella Turcica 

Biridge. The parasellar boundary was assessed in rela�on to 

the �p of ACP's posi�on without significant difference 

between the sides.
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INTRODUCTION

ACP is the medial end of the lesser wing of the sphenoid 
1bone.  Middle Clinoid Process (MCP) may be connected to 

the ACP by a thin osseous bar, formed by ossifica�on of the 
caro�coclinoid ligament. The ensuing CCF surrounds the 

2 paraclinoidal segment of the internal caro�d artery (ICA).
This forma�on can hinder the exposure of ICA and cause 

3damage to it.  Topographically, ACP is related medially to the 
op�c nerve, infero-medially to ICA and its ophthalmic 
branch, and infero-laterally to the oculomotor nerve. 

Considering this complex rela�on of ACP in the base of the 
skull, the knowledge of its anatomy and topographical 
posi�on is paramount, specially during anterior clinoidectomy 
which facilitates approach to enter the anterior cavernous 
sinus, expose aneurysms of the ICA, resect dural a�achment, 

4 osseous ring of CCF and cavernous sinus meningiomas. It is 
also reported that clinoidectomy enhances mobiliza�on of 
the intracranial ICA and op�c nerve with less brain 

5retrac�on.  For safer surgical exposure the parasellar region is 
also cri�cal in terms of lesions involving jugum sphenoidale, 
meningiomas, paraclinoidal aneurysms and tumors. Further 
more, one of the most common regions affected by many 
neoplas�c and vascular neurosurgical lesions also falls in this 

6 area.

There are many ar�cles devoted to assessing the dimensions 
3,4,6-11of ACP,  with limited study conducted in the Nepalese 

12skulls.  Therefore, our study aims to document the morphology 
and anatomical varia�on of ACP, assess parasellar 
landmarks in rela�on to ACP and evaluate the prevalence of 
CCF in Nepalese dry skulls.

METHODOLOGY

This study was carried out on 31 dry human skulls (n=62 

ACP) of unknown age and sex obtained from Department of 

anatomy of Birat Medical college and Maharajgunj Medical 

Campus from February to July of 2019. Damaged, diseased, 

and skulls having unilateral/bilateral clinoid and paraclinoid 

bony erosions were excluded (skulls with damaged unilateral 

clinoid processes were excluded so as to achieve consistency 

while measuring the distance between neighboring ACP's). 

Skulls with erupted third molars and without deformi�es and 

damage were included. All the measurements were done 

using digital Vernier Calipers of 0.1 mm caliber. Metrical 

parameters for ACP were defined as that of the study 
13 conducted by Lee et al. The width was measured at the base 

while the length was measured from the base to its �p 

(Figure 1 and 2). The presence of CCF was observed as a 

presence of a bony connec�on of ACP with the MCP (Figure 2). 
8 Classifica�on of ACP is performed as described by Cecen et al.

Classifica�on of ACP is as follows: Type I [length (<10.5mm), 

width (>8.14mm)], Type II [length (>10.55mm), width (<8.14 

mm)], Type III (length of <10.5mm and width of <8.14mm or 

length of >10.5 mm and width of > 8.14 mm). 

Distances between the ACP and selected skull base 
structures were measured to es�mate the clinoidal border 

of the parasellar region. This has implica�on in planning for a 
safe and effec�ve approach to the parasellar region. 
Following distances were measured (Figure 1):

· A= Height of ACP

· B= Base of ACP

· C= Between the posterior edge of the crista galli (CG) 
and the apex of the ACP

· D= Between the apex of ACP and �p of the lateral-most 
projec�on of the PCP

· E= Between the apexes of the ACP

· F= Between the �ps of the lateral-most extension of the 
PCPs

An Excel (Microso� Corp.) spreadsheet was used for data 
entry with sta�s�cal analysis done using SPSS so�ware 
(version 16.1, SPSS, Inc.). Means and standard devia�ons 
were obtained. Paired Student's (t) test was used to 
calculate significant differences (p value < 0.05).

RESULT

Metrical analysis (length, width, and thickness) was performed 
in the ACP of 31 skulls (n=62). The mean length, basal width 
and thickness of the right ACP was 9.88+/- 1.36 mm, 8.72+/-
1.50 mm, and 5.21+/-1.83 mm respec�vely and that of the 
le� was 10.30+/-1.47, 8.73+/-1.71, and 5.33+/-1.60 mm 
respec�vely (Table 1).  Paired student's t-test was used to 
determine the significant difference. None of the parameters 
showed sta�s�cally significant differences between the 
right and the le� sides. The most common type of ACP was 
type III [13 (41.9%) right and 16 (51.6%) le�] followed by 
Type I [10 (32.3%) right and 8(25.8%)] and Type II [8 (25.8%) 
right and 7(22.6%) le�] (Table 2). 

Out of 31 skulls 12 (38.7%) had unilateral CCF [7 (22.6%) 
right and 5 (16.13%) le�]. None had bilaterally present CCF 
while 19 (61.3%) skulls were devoid of it.

Measurements performed as detailed in the materials and 
methods sec�on is illustrated in Table 3. Distances between 
neighboring ACP's, between Posterior Clinoid process (PCP), 
between ACP to Crista Galli (CG) and ACP to PCP were 
24.41+/-2.32, 20.01+/-3.23, 31.6+/-2.20, and 8.30+/-3.10 mm 
respec�vely.

Table 1: Dimensions of Anterior Clinoid Process (mean 
+/-SD, mm)

Table 2: Types of Anterior Clinoid Process

P-value of <0.05 is considered significant

n= number of sample, Narrow= <8.14mm, Wide= >8.14mm, 
Short= <10.5mm, Long= >10.5mm

Birat Journal of Health Sciences 



ISSN: 2542-2758  (Print) 2542-2804 (Online)
815

Birat Journal of Health Sciences 
Vol.4/No.3/Issue 10/ Sep-Dec, 2019

Original Research Ar�cle Dhakal A et al

Table 3: Distances between the Anterior Clinoid Process 
and related landmarks (mm)

CG= Crista Galli, PCP= Posterior Clinoid Process, P-value of 
<0.05 is considered significant

Figure 1: Photograph shows how the measurements were 
taken. (A) Height of ACP, (B) Base of ACP, (C) Distance 
between the posterior edge of the crista galli (CG) and the 
apex of the ACP, (D) Distance between the apex of ACP and 
�p of the lateral-most projec�on of the PCP, (E) Distance 
between the apexes of the ACP, (F) Distance between the 
�ps of the lateral-most extension of the PCPs

Figure 2: Photograph depicts the measurement of base of 
the right ACP. Arrow shows le� CCF and BC (Bony connec�on 
between the �p of le� ACP and MCP)

DISCUSSION

The sellar and the parasellar region have important anatomical 

rela�on with the pituitary gland and cavernous sinus with its 

content. Safe surgical resec�on of lesions involving the sellar, 

suprasellar and parasellar region via adequate surgical 

exposure is very crucial. Bony prominences in the region 

obscure visualiza�on of vital neurovascular structures and 

can cause difficulty for safe exposure. ACP is the most 

significant prominences of the region as it directly overlies and 
6 obscures the op�c nerve and ICA. Hence comprehending 

morphological feature of ACP and prevalence of CCF is 

crucial for a successful surgical outcome.

In our study of dry skulls, the base width, length, and 

thickness of ACP were comparable to various popula�on 
3,6,7 studies, and at the same �me different from others. It was 

larger than the study conducted by Kim et al. who found the 

average length and width to be  7.7 mm (range, 3–8 mm) and 

4 mm (range, 4–7 mm) respec�vely and smaller than that of 

the study by Hunnargi et al. repor�ng length, basal width and 

thickness of ACP as 10.68+/-1.90mm, 12.40+/-2.58mm and 
4,11 6.88+/-1.09mm respec�vely. There was no significant 

symmetry disagreement between the ACP dimensions of the 

right and le� side in the present study unlike that reported by 

Lee et al. where all the measured parameters between both 
13the sides were significantly different.  In contrast to this, the 

study by Souza et al. only had the width of ACP significantly 
9different between the right and le� sides.  The observed 

difference in the sizes of ACP could be due to factors 

a�ributable to methodology, age, gender, racial or gene�c 

factors.

Anterior clinoidectomy creates a space that does not exist 

with clinoid process in place. This space is a poten�al space 

enclosed by outer dural layer superiorly and inner dural layer 

inferiorly. This surgically created interdural, extra cavernous 
14space is referred to as the clinoid space.  Surgical techniques 

implied in anterior clinoidectomies are influenced by the 
8length and width of ACP.  Based on the dimensions of the 

ACP, Cecen et al. described the types of ACP which possibly 

may help surgeons predict space achievable a�er anterior 

clinoidectomies. Majority of the ACP in our study belonged 

to type III, a comparison similar to the result of Cecen et al. 

The MCP is a bony projec�on that arises from the lateral surface 

of the body of the sphenoid bone below the tuberculum 

sellae. A complete bony fusion between the ACP and MCP 

can exist forming a CCF.  An inter clinoid bony connec�on can 

form between the ACP and the PCP, also referred to as the 
7 STB (Sella Turcica Bridge). Observa�on by Keyes in a large 

sample study classified CCF which most of the studies 
3,4,6,9,12,15followed to define their findings.  Overall, we found 

38.7% CCF without side differences and 0% STB in 31 skulls. 

Lee et al. found CCF and STB in 15.7% and 5.5% of 73 skulls 
3 respec�vely. Kim et al. found CCF and STB in 37% and 5.5% of 

4 35 formalin fixed cadavers respec�vely.  Dagtekin et al. 

found CCF and STB in 25% and 5% of 15 formalin fixed 
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6cadaver heads and 25 dry skulls respec�vely.  Costa et al. 

found CCF and STB in 14.2% and 14.4% of 597 skull 
7respec�vely.  It follows that the prevalence of STB and CCF 

3,4,6,7ranges from 5% to 15% and 14% to 38% respec�vely.  

Keyes in his work found bilateral CCF in 23.41% and 
15 unilateral in 8.68% and STB in 8.68% of 2187 skulls. This 

finding is in contrast to our study with CCF only present 

unilaterally in 38.7% and absent STB which in turn is 

contrary to the work of Gupta et al. repor�ng CCF and STB in 
12 20% and 2.85% of 35 skulls respec�vely.  Regardless of our 

study conducted in similar popula�on as that of Gupta et 

al., the length and basal width of ACP did not match, while 

the thickness was comparable. This inconsistency could be 

due to selec�on criteria or small sample size of both the 

studies. Excluding skulls with unilateral bony erosion/ 

damage in our study may be another reason of differing 

findings in STB. Knowledge of CCF and STB  have clinical 

significance in assis�ng surgeons to adjust their approach 

to sella turcica or skull base regions preopera�vely and 

avoiding injury to ICA, cavernous sinus or the op�c nerve.

The ACP and PCP are the most prominent bony processes of 

the parasellar region. These are present in the superolateral 

aspect of the tuberculum sellae and the dorsum sellae 

respec�vely contribu�ng to the boundary of the sella 

turcica. Furthermore, these also occupy a unique posi�on 

in the centre of the skull base giving it a useful founda�on in 

construc�ng a sec�onal map of the skull base. Dimensions 

and varia�ons in the ACP and PCP together with the MCP, 

STB and CCF are crucial structures affec�ng the size and u�lity 

of the map. Table 3 and Figure 1 illustrate various measurements 

taken to quan�fy the dimension of the parasellar region 

limited by CG anteriorly, ACP anterolaterally and PCP 

posterior and posteriolaterally. The distances we measured 

gives a general idea of the extension of commonly used 

skull based approach in transnasal and transsphenoidal 
16,17approach.  The distances between neighboring ACP's and 

PCP's, between ACP to CG and ACP to PCP were 24.41+/-2.32, 

20.01+/-3.23, 31.6+/-2.20, and 8.30+/-3.10 mm respec�vely. 

Also, the differences between the sides were considered 

which were sta�s�cally insignificant. Comprehensive 

anatomy of the ACP and its rela�on to other skull base 

landmarks could enhance surgical point of reference in 

guiding proper approach to the skull base.

CONCLUSION

The base width, length, and thickness of ACP in our study 
have findings comparable to some while dissimilar to a few 
studies found in the literature. Majority of the ACP were of 
type III varia�on with no significant symmetry disagreement 
between the right and the le� side. There was 38.7% 
unilaterally iden�fied CCF without side differences and 0% 
STB. The distances between neighboring ACP and PCP, 
between ACP to CG and ACP to PCP were assessed to discern 
the parasellar boundary in rela�on to the �p of ACP's 
posi�on. Sta�s�cally there was no significant difference 
between the sides. 

RECOMMENDATION

This study recommends an increase in sample size and 
conduct radiological (CT based) study together with dry 
specimens for future work in the field.

 LIMITATION OF THE STUDY

The sample size of the study is small and hypothesis may not 
be generalized. 
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