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Abstract

Introduct ion:  Middle clinoid process (MCP) is a very important structure in 
surgeries performed on the parasellar and sellar regions. MCP is a bony eminence 
located on the body of the sphenoid, posteriorly to the anterior clinoid process 
and anteriorly to the posterior clinoid process. It becomes clinically important 
when it reaches the height of at least 1.5 mm. It can form many variations, the 
most common is the caroticoclinoid foramen.

Aim:  To evaluate detailed knowledge, profound understanding of MCP and its 
role during parasellar region operations.

Case  s tudy:  During studies at Department of Anatomy, a dry skull specimen 
projecting bilaterally clinically important MCP was found. This skull belonged 
to a 60 years old Caucasian male.

Resu l t s  and  d i scuss ion:  It becomes clinically important when it reaches 
the height of at least 1.5 mm. The mean height measures 2.59 mm. MCP occurs 
in about 40% of the population. It can project either unilaterally or bilaterally. No 
significant differences between age or sex were observed.

Conclus ions :  Recognition of MCP or its variations on preoperative imaging 
is crucial for planning endonasal approach in treatment of paraclinoidal ICA 
aneurysm, pituitary adenomas or clinoidectomies.
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1. INTRODUCTION

Presence of the middle clinoid process (MCP) and proper un-
derstanding of its localization is of great importance in numer-
ous surgeries being performed with transsphenoidal approach, 
in which it can be used as a landmark to navigate through 
cranial structures or it could hinder proper positioning of in-
struments.1 If so, an endonasal middle clinoidectomy can be 
performed in order to enhance access to parasellar region.2,3 
Thus, knowledge about MCP is crucial to physicians, especially 
radiologists, doing preoperative diagnostics, and to surgeons. 
Its clinical relevance starts when the MCP reaches 1.5 mm or 
more. It can be observed in 37%–42% of a world population.1,2,4,5 
The middle clinoid process is a bony eminence, of a conical, 
pointy shape, projecting, in 60% bilaterally, from an anterior 
part of a body of sphenoid bone, located posteriorly and lightly 
inferiorly to an anterior clinoid process (ACP) and anteriorly 
to posterior clinoid process (PCP). The MCP is situated on an 
anterolateral margin of sellar region, medially to carotid sulcus 
and internal carotid artery (ICA). It separates parasellar inter-
cavernous ICA from its paraclinoidal part and also bespread 
part of cavernous sinus’ roof anteromedially.2 

Embryological formation of MCP is the same as of 
the whole sphenoid bone and sella turcica since it is part 
of sphenoid.3 During first four weeks of gestation, mesen-
chyme of the head emerges from two sources – primarily 
from paraxial mesoderm, but also from the neural crest. 
Sphenoid forms from mesenchymal cells derived from the 
latter. Eight weeks later, hypophysial cartilage forms – it 
makes up the body of the sphenoid bone. At precisely 12 
weeks and 4 days of gestation, the process of transforming 
cartilage into the bone (an ossification) begins.6,7 

2. AIM

Our goal is to present a variability of the sellar region of 
sphenoid bone, which is the presence of the middle clinoid 
process and its variations. We would also like to discuss 
their surgical importance, as prior to the surgeries on the 
sellar region, the knowledge of presence of these bony for-
mations is extremely important.

3. CASE STUDY

In the course of reviewing anatomical dry skull specimens 
kept in the Department of Anatomy, a skull presenting mid-
dle clinoid process bilaterally was found (MCPs are shown 
with arrows on Figure 1). This specimen derived from a 60 
years old Caucasian male donor.

4. RESULTS

Morphometric evaluation of mentioned specimen was car-
ried out. Left MCP (white arrow on Figure 1) measured 

4 mm in length and had diameter of 2 mm on both sides. 
Right MCP (black arrow on Figure 1), however, was 2.5 
mm in length. MCPs of both sides point straightly, with-
out any curving’s. Base of the left MCP in axial plane 
measured 4 mm, in sagittal 2.5 mm. However, diameters 
of base of right MCP were 5 mm and 4 mm, respectively. 
Distances from sagittal midline totaled 12 mm from left 
and 10 mm from right MCP. Lengths from ACP to the apex 
of MCP measured 7 mm o the right side, what is roughly 
1/3 of lateral bone window (LBW) which was 20 mm. On 
the left side, measurements of LBW were not possible to 
be taken, due to damaged ACP. Length of intercarotid dis-
tance was 25 mm.

5. DISCUSSION

Knowledge of three dimensional sellar region with empha-
sis on the MCP is extremely significant for physicians such 
as radiologists or surgeons in order to improve patients’ 
safety.8,9 It is of a great importance while conducting surgi-
cal procedures, especially in endonasal transsphenoidal ap-
proaches to ICA aneurysms or pituitary gland tumors. Anat-
omy and variations of ACP and PCP is well described in 
literature, but MCP is often overlooked.1,10,11 Its occurrence 
could make surgery more challenging, impede proper visu-
alization of surgical field and lesions, and extend chances 
of complications such as intercavernous sinus haemorrhage 

Figure 1. Examples of anthropogenic sources of EMR.
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or ICA laceration.8 This research aims to evaluate detailed 
knowledge and understanding of the middle clinoid process.

Akshay Sharma et al. after analysing 2726 skulls, found 
out that 42% of them presented clinically important MCP. 
In total, 60% of those presented the structure bilaterally. In 
unilateral cases, 57% were on the right side and 43% on the 
left side. In total, 69% of all MCPs were incomplete – they 
didn’t form the caroticoclinoid foramen. The rest was divid-
ed into contact and these, which formed full caroticoclinoid 
foramen. Incomplete MCPs had mean height of 2.59 mm 
and the diameter at its base of 4.59 mm. Almost all (99%) of 
MCPs were located in the anterior 1/3 of LBW.4 Superior part 
of the base of MCP was located 6.25 mm posteromedially to 
the optic strut, whilst width of the optic strut was 4.09 mm.4 

According to Sharma et al., no significant difference in oc-
currence of MCP between sexes was noticed.4 Nonetheless, 
according to another study, women presented MCP more 
frequently (42.7% among women vs 30.7% among men), al-
though the outcome was not statistically relevant.1 White 
donors presented MCP in 52% of the cases, whereas black 
donors in 30% (in both 57% bilateral).4 The results corre-
spond with the research conducted by Miller et al. (white 
ethnicity – 41.3%, black ethnicity – 19.4%).1 Sharma et al. 
stated that age of 50 or more indicates higher percentage of 
incomplete MCP.4 On the other hand, Miller et al. reported 
that there is no significant difference related to age.1 

With regard to Miller et al.’s research 41.8% of MCPs were 
ring forming, 76.4% were pneumatized. Females had insig-
nificantly higher rate of ring forming (46.9% in females op-
posed to 34.8% in males).1 Base diameter of the MCP in the 
axial plane was 4.6 mm with variation of 1.4 mm.1 For sagittal 
plain, the diameter reached 5.0 ± 1.8 mm while the average 
maximum length of the MCP was 4.7 ± 1.7 mm.1 

MCPs were located 5.9 ± 2.3 mm laterally to the axial 
midline.1 It was greater in males (7.0 ± 1.6 mm) than in fe-
males (5.2 ± 2.1 mm).1 The reason for it was not the fact, that 
male skulls are commonly bigger, since other distances (like 
sellar-clival junction distance) did not vary significantly.1 

MCP can form 3 shapes: spinous, protruding and cylin-
drical. The cylindrical type has height equal to maximal lon-
gitudinal diameter of LBW.12 Wang et al. observed MCP in 
36.79% of cases, where 16.04% of the subjects had MCP on 
the left and 20.75% had MCP on the right side).12 Vast major-
ity of MCPs were situated in the area corresponding with the 
anterior third of the lower LBW.12 In some cases, MCP was lo-
cated in middle third of lower LBW.12 Yet, in none of the cases 
was the MCP found in the posterior third of the lower LBW.12 

Taking mentioned studies into consideration, our speci-
men had quite short middle clinoid processes, nevertheless 
both of them were clinically important. Base diameters were 
more or less average. What is interesting, the structures were 
located far more laterally than those shown in the research.4

A major significance to microsurgery and neurosurgery 
of parasellar region also proves presence of MCP variabili-
ties and its inclination for forming caroticoclinoid rings 
(CCr), caused by ossification of caroticoclinoid ligament 
(CCl).3,5,13–15 This variation was registered not only amongst 

adults, but also in fetuses and infants.16 CCr (also known 
as caroticoclinoid bridge) forms when ligament connecting 
apexes of MCP and APC ossifies, what can be categorized 
into 3 types: complete, incomplete and contact.3,13 Presence 
of such structure can hamper access to ICA and cavernous 
sinus, enhancing risks during treatment of paraclinoidal 
ICA aneurysms, pituitary adenomas or anterior clinoidec-
tomy. Such risks contain lacerating ICA leading to hemor-
rhage or even brain damage. Existence of the MCP might 
also limit the extension of parasellar adenoma. This limita-
tion raises for taller MCPs.12 

In some cases, when CCr is formed, interference with this 
structure is more challenging, due to proximity to the II, III 
and IV cranial nerves, opthalmic artery, ICA and cavernous 
sinus. In order not to damage those structures, a combined 
extradural and intradural clinoidectomy is advised.17 In other 
cases, the clue is to rule out the CCr.2 The endonasal endo-
scopic middle clinoidectomy may improve visibility of proxi-
mal structures, expand surgical field and provide wider range 
of movement for the surgeon. A proper technique consist of 
5 detachments with precise high-speed drilling and removal 
with small Kerrison roungers.2 Although, when CCr is pre-
sent, it is advised only to reduce MCP.

5. CONCLUSIONS

(1)	Middle clinoid process is a variation of sellar region of 
sphenoid bone, in accordance to its localization, prox-
imity to ICA and cavernous sinus, it becomes extremely 
important.

(2)	This case report describes morphometry of sellar region, 
with emphasis on the MCP of reviewed specimen.

(3)	 It also highlights necessity of recognition of middle clinoid 
process or its variations preoperatively is crucial, because it 
might create a challenge even for the best surgeons. 

Conflict of interest
None declared.

Funding
None declared.

References
1	 Miller C, Chamoun R, Beahm D. Morphometric Analy-

sis of the Middle Clinoid Process Using Maxillofacial 
Computed Tomography Scans. Oper Neurosurg (Hag-
erstown). 2017;13(1):124–130. https://doi.org/10.1227/
neu.0000000000001310.

2	 Fernandez-Miranda JC, Tormenti M, Latorre F, Gard-
ner P, Snyderman C. Endoscopic endonasal middle cli-
noidectomy: anatomic, radiological, and technical note. 
Oper Neurosurg. 2012;71(2 Suppl):233–239. https://doi.
org/10.1227/neu.0b013e3182690b6b.



4 Pol Ann Med. [in press]

 

3	 Skandalakis GP, Koutsarnakis C, Pantazis N, et al. 
Caroticoclinoid Bar: A Systematic Review and Meta-
Analysis of Its Prevalence and Potential Implications 
in Cerebrovascular and Skull Base Surgery. World Neu-
rosurg. 2019;124:267–276. https://doi.org/10.1016/j.
wneu.2019.01.017.

4	 Sharma A, Rieth GE, Tanenbaum JE, et al. A morpho-
metric survey of the parasellar region in more than 2700 
skulls: Emphasis on the middle clinoid process variants 
and implications in endoscopic and microsurgical ap-
proaches. J Neurosurg. 2018;129(1):60–70. https://doi.
org/10.3171/2017.2.jns162114.

5	 Priya A, Narayan RK, Ghosh SK, Kumar P. Morphom-
etry and morphological analysis of carotico-clinoid fora-
men: an anatomical study with clinical implications. Fo-
lia Morphol. 2023;82(1):108–111. https://doi.org/10.5603/
FM.a2021.0128.

6	 Jin SW, Sim KB, Kim SD. Development and growth 
of the normal cranial vault: An embryologic review. 
JKNS. 2016;59(3):192–196. https://doi.org/10.3340/
jkns.2016.59.3.192.

7	 Couldwell M, Chaiyamoon A, Cardona JJ, et al. Twenty 
Intracranial Skull Base Variations in the Same Speci-
men. Cureus. 2023;15(6): e40096. https://doi.org/10.7759/
cureus.40096.

8	 Arrambide-Garza FJ, Zarate-Garza PP, Aguilar-Morales 
K. Safety window for the transsphenoidal approach for 
pituitary tumours: A computed tomographic angiogra-
phy study. Folia Morphol. 2023;82(1):17–23. https://doi.
org/10.5603/FM.a2021.0125.

9	 Rejane-Heim TC, Silveira-Bertazzo G, Carrau RL, 
PrevedelloDM. Techniques and challenges of the ex-
panded endoscopic endonasal sellar and parasellar ap-
proaches to invasive pituitary tumors. Acta Neurochir. 
2021;163(6):1717–1723. https://doi.org/10.1007/s00701-
021-04805-3.

10	 Cheng Y, Chen Y, Zhou Z, et al. Anatomical study of 
posterior clinoid process (PCP) and its clinical mean-
ings. J Craniofac Surg. 2015;26(2):537–540. https://doi.
org/10.1097/scs.0000000000001517.

11	 Cheng Y, Wang C, Yang F, Zhu J, Feng Y, Zhao G. An-
terior clinoid process and the surrounding structures. 
J Craniofac Surg. 2013;24(6):2098–2102. doi:10.1097/
scs.0b013e31829ae3af.

12	 Wang J, Wang R, Lu Y, Yao Y, Qi S. Anatomical analysis 
on the lateral bone window of the Sella Turcica: A study 
on 530 adult dry skull base specimens. Int J Medical Sci. 
2014;11(2):134–141. https://doi.org/10.7150/ijms.7137.

13	 Piagkou M, Fiska A, Tsakotos G, et al. A morphological 
study on the sphenoid bone ligaments' ossification pat-
tern. Surg Radiol Anat. 2023;45(11):1405–1417. https://
doi.org/10.1007/s00276-023-03226-4.

14	 Das S, Suri R, Kapur V. Ossification of caroticoclinoid 
ligament and its clinical importance in skull-based sur-
gery. Sao Paulo Med J. 2007 ;125(6):351–353. https://doi.
org/10.1590/s1516-31802007000600009.

15	 Singh R. Carotico-clinoid foramen and associ-
ated clinical significance: Comprehensive review. 
Cureus. 2021;13(1):e12828. https://doi.org/10.7759/
cureus.12828.

16	 Zdilla MJ. The caroticoclinoid foramen in fetal and 
infantile orbitosphenoid, presphenoid, and sphenoid 
bones: developmental and neurosurgical considerations. 
J Neuosurg Pediatr. 2019;23(3):390–396. https://doi.
org/10.3171/2018.9.peds18481.

17	 Acioly MA, Hendricks BK, Cohen-Gadol A. Extradural 
clinoidectomy: An efficient technique for expanding the 
operative corridor toward the central skull base. World 
Neurosurg. 2021;145:557–566. https://doi.org/10.1016/j.
wneu.2020.09.173.


