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Morphometry of the posterior clinoid process 
and dorsum sel lae

Morfometrie proces sus clinoideus posterior 

a dorsum sel lae

Abstract 
Aims: The posterior clinoid process (PCP) is a paired anatomic structure located in the middle 

cranial fos sa on the superior surface of the sphenoid bone where it forms a bony eminence that 

is the lateral boundary of the dorsum sel lae (DS). The aim of the study was to analyse PCP and 

DS morphometry in CT. Materials and methods: The study was based on 100 CT investigations of 

54 women and 46 men aged 18– 88 years (mean age 52.49 years). The PCP and DS morphometry 

was studied in coronal and sagittal planes. Data were analysed statistical ly in relation to patients’ 

gender and age (group 1: up to 45 years, group 2: over 45 years). Results: The average width of the 

right and left PCP was 10.2 mm and 9.85 m m, resp., while the average height of the right and left 

PCP was 2.32 mm and 2.04 m m, resp. The thickness of the DS superior edge was 3.29 m m, and of 

the right and left PCP 4.28 mm and 4.31 m m, resp. Statistical calculations led to the conclusion 

that the right PCP was wider and thicker in men. Moreover, the DS superior edge is also thicker in 

men, and the left PCP is wider and higher in people over 45 years of age. Conclusions: The PCP and 

DS are diff  erent in men and women: 1. The right PCP is wider and thicker in men than in women; 

2. The superior edge of the DS is thicker in men than in women; 3. The width and height of the left 

PCP reach higher values in patients over 45 years of age compared to those below 45 years of age.

Souhrn 
Cíle: Proces sus clinoideus posterior (PCP) je párová anatomická struktura situovaná ve střední jámě 

lební na horní straně klínové kosti, kde tvoří kostní výběžek, který představuje laterální hranici 

dorsum sel lae (DS). Cílem studie bylo analyzovat morfometrii PCP a DS pomocí CT. Materiály 
a metody: Studie byla provedena na základě analýzy sta snímků pořízených CT u 54 žen a 46 mužů 

ve věku 18– 88 let (průměrný věk 52,49 let). Na snímcích byla analyzována morfometrie PCP a DS 

v koronální a sagitální rovině. Získaná data byla statisticky analyzována ve vztahu k pohlaví a věku 

pa cientů (skupina 1: pa cienti do 45 let, skupina 2: pa cienti starší 45 let). Výsledky: Průměrná šířka 

byla 10,2 mm u pravého PCP a 9,85 mm u levého PCP. Průměrná výška pravého PCP byla 2,32 mm 

a průměrná výška levého PCP 2,04 m m. Tloušťka horního okraje DS byla 3,29 mm a tloušťka 

pravého a levého PCP byla 4,28 mm a 4,31 m m. Statistické výpočty ukázaly, že pravý PCP je u mužů 

širší a silnější. Stejně tak horní okraj DS byl silnější u mužů a levý PCP byl širší a vyšší u osob starších 

45 let. Závěry: Mezi PCP a DS mužů a žen existují rozdíly: 1. Pravý PCP je širší a silnější u mužů než 

u žen; 2. Horní okraj DS je silnější u mužů než u žen; 3. Šířka a výška levého PCP dosahovala vyšších 

hodnot u pa cientů starších 45 let oproti skupině pa cientů ve věku do 45 let.
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Introduction
The posterior clinoid process (PCP) is 

a paired anatomic structure located in the 

middle cranial fos sa on the superior surface 

of the sphenoid bone where it forms a bony 

eminence that is the lateral boundary of the 

dorsum sel lae (DS) [1].

As with the entire base of the skul l, the 

embryogenesis of the PCP and DS is based 

on endochondral bone formation. These 

structures are not ful ly developed and os-

sified in neonates. Their secondary os-

sifi cation occurs at approximately 4 years of 

age. The shape and size of the PCP and DS do 

not change signifi cantly after puberty [2– 4].

The PCP gives attachment for the petro-

sphenoidal ligament (ligament of Gruber) and 

interclinoid ligament. Moreover, to gether with 

the DS, it forms the posterior wall of the sel la 

turcica which holds the pituitary gland [5– 7].

Due to the location of the PCP and DS 

almost in the centre of the base of the 

skull and in the vicinity of vital anatomic 

structures, such as the brain stem, cavernous 

sinus, pituitary gland or basilar artery tip, 

these structures are a signifi cant landmark 

used in both transcranial and endoscopic 

approaches in the treatment of pathologies 

located in this region, e. g. aneurysms of the 

distal segment of the basilar artery [8] (Fig. 1).

There are no precise data on the location 

of the border between the PCP and DS, and 

there are no morphometric characteristics 

of the PCP.

The aim of this study was to develop 

a clear morphometry-based defi nition of the 

PCP and indicate reproducible and useful 

measurement methods to evaluate the 

anatomy of the DS and PCP for preoperative 

plan ning.

Materials and methods
The study material comprised 100 ano ny-

mized CTA images of the head of 54 women 

and 46 men aged 18– 88 years (mean age 

52.49 years, standard deviation [SD] 18.64) 

dia gnosed for headache. CT parameters: 16-

row helical CT scan ner GE BrightSpeed (GE 

medical Systems, Milwaukee, WI, USA), col-

limation of 1 m m, slice thickness of 0.625 m m, 

pitch 1.0., voltage 120 kV. Non-ionic contrast 

material (Omnipaque 350, GE Healthcare AS, 

Oslo) was injected into the median cubital 

vein at a rate of 3.5– 4.5 mL/ sec to the total 

volume of 80– 100 mL us  ing a power injector.

The study involved a retrospective analysis 

of scans without motion artefacts or foreign 

bodies, e. g. vascular clamps, without bony 

Fig. 1. The anatomy in the area of the right posterior clinoid process (the right pterional 
approach to basilar tip aneurysm).
Obr. 1. Anatomie v oblasti pravého processus clinoideus posterior (pterionální přístup 
zprava k aneuryzmatu vycházejícímu z vrcholu bazilární artérie).

Fig. 2. Determination of the lowest DS point. The distance between the MP and DSP ex press ed 
in mm: the distance between the lowest DS point and the MP. Negative values were used 
when this point was located on the right, and positive values were used when it was loca-
ted on the left of the MP. In the case of its medial location in the MP, the 0 value was assumed.
DS – dorsum sellae; DSP – dorsum sellae plane; MP – midline plane

Obr. 2. Určení nejnižšího bodu DS. Vzdálenost mezi MP a DSP vyjádřená v mm: vzdálenost 
mezi nejnižším bodem DS a MP. Pokud se tento bod nacházel vpravo, byly použity zá-
porné hodnoty, pokud se nacházel vlevo MP, je hodnota kladná. V případě mediální po-
zice v MP byla použita hodnota 0.
DS – dorsum sellae; DSP – rovina dorsum sellae; MP – středová rovina

A.C.P – anterior clinoid process; Optic. N – optic nerve; I.C.A – internal carotid artery; A.C.A – 

anterior cerebral artery; M.C.A – middle cerebral artery; P.Co.A – posterior communicating ar-

tery; P.C.A – posterior cerebral artery; III – oculomotor nerve; S.C.A – superior cerebellar artery; 

Bas. A. – basilar artery; P.C.P – posterior clinoid process.

MP DSP
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bridges between the clinoid proces ses and 

without any intracranial pathology.

The measurements were taken us  ing the 

bone window (W = 1500, L = 300) of CTA 

after multiplanar reconstruction based on 

methods presented in the fol low  ing images.

Determination of the lowest DS point

In coronal sections, the fol low  ing mutual ly 

paral lel planes were selected: sagittal 

midline plane (MP) and sagittal dorsum 

sel lae plane (DSP) that encompas sed the 

lowest DS point (Fig. 2).

Width of the PCP

The fol low  ing mutual ly paral lel planes were 

selected in coronal sections: MP, sRPCP(w) 

(right sagittal posterior clinoid plane at 

the greatest width of the right PCP) and 

sLPCP(w) (left sagittal posterior clinoid plane 

at the greatest width of the left PCP) (Fig. 3).

Height of the PCP

The fol low  ing mutual ly paral lel transverse 

planes were selected in coronal sections: 

transverse plane (TP) encompas s  ing the 

lowest DS point, tRPCP(h) (right transverse 

posterior clinoid plane at the greatest height 

of the right PCP) and tLPCP(h) (left transverse 

posterior clinoid plane at the greatest height 

of the left PCP) (Fig. 4).

Thickness of the PCP and DS

In the MP in sagittal sections, the fol low  ing 

planes were selected: 1DS(t) (fi rst oblique 

coronal plane in the Wackenheim clivus 

baseline) and its paral lel 2DS(t) (second 

oblique coronal plane that encompas sed 

the anterior-most point of the superior DS 

edge) (Fig. 5A, C).

Cor respond  ing measurements were also 

taken in sagittal sections on both sides of the 

MP. On the right, in the sRPCP(h) (right sagittal 

posterior clinoid plane at the greatest height 

of the right PCP), mutual ly paral lel coronal 

oblique planes were selected: R1PCP(t) (fi rst 

sagittal right posterior clinoid plane in the 

Wackenheim clivus baseline) and its paral lel 

plane R2PCP(t) (second sagittal right clinoid 

plane that encompas sed the anterior-most 

point of the superior right PCP edge). On the 

left, however, in the sLPCP(h) (left sagittal 

posterior clinoid plane at the greatest height 

of the left PCP), mutual ly paral lel coronal 

oblique planes were selected: L1PCP(t) (fi rst 

sagittal left posterior clinoid plane in the 

Wackenheim clivus baseline) and its paral-

lel plane L2PCP(t) (second sagittal right 

Fig. 3. Determination of the PCP width. The distance between the MP and sRPCP(w) 
expressed in mm: width of the right PCP. The distance between the MP and sLPCP(w) 
expressed in mm: width of the left PCP.
MP – midline plane; PCP – posterior clinoid process; sLPCP(w) – left sagittal posterior clinoid 

plane at the greatest width of the left PCP; sRPCP(w) – right sagittal posterior clinoid plane at 

the greatest width of the right PCP

Obr. 3. Určení šířky PCP. Vzdálenost mezi MP a sRPCP(w) vyjádřená v mm: výška pravého
PCP. Vzdálenost mezi MP a sLPCP(w) vyjádřená v mm: šířka levého PCP.
MP – středová rovina; PCP – processus clinoideus posterior; sLPCP(w) – levá sagitální zadní 

klinoidní rovina na největší šířce levého PCP; sRPCP(w) – pravá sagitální zadní klinoidová 

rovina na největší šířce pravého PCP

Fig. 4. Determination of the PCP height. The distance between the TP and tRPCP(h) 
expressed in mm: height of the right PCP. Distance between the TP and tLPCP(h) 
expressed in mm: height of the left PCP.
PCP – posterior clinoid process; tLPCP(h) – left transverse posterior clinoid plane at the grea-

test height of the left PCP; TP – transverse plane; tRPCP(h) – right transverse posterior clinoid 

plane at the greatest height of the right PCP

Obr. 4. Určení výšky PCP. Vzdálenost mezi TP a tRPCP(h) vyjádřená v mm: výška pravého 
PCP. Vzdálenost mezi TP a tLPCP(h) vyjádřená v mm: výška levého PCP.
PCP – processus clinoideus posterior; tLPCP(h) – levá příčná zadní klinoidová rovina v nej-

větší výšce levého PCP;  TP – příčná rovina; tRPCP(h) – pravá příčná zadní klinoidová rovina 

v největší výšce pravého PCP

sRPCP(w)
sLPCP(w)

MP

tRPCP(h)

TP
tLPCP(h)
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Fig. 5. Determination of the thickness of the PCP and DS.
A – CTA of the head; coronal section with marked planes [MP, sRPCP(h), sLPCP(h)] in which the thickness of the upper edge of the DS, 
the thickness of the right PCP and the thickness of the left PCP were measured, respectively.
B – Head CT angiography, sagittal section. Distance between the R1PCP(t) and R2PCP(t) expressed in mm: thickness of the right PCP.
C – Head CT angiography, sagittal section. Distance between the 1DS(t) and 2DS(t) expressed in mm: thickness of the superior edge of the DS.
D – Head CT angiography, sagittal section. Distance between the L1PCP(t) and L2PCP(t) planes expressed in mm: thickness of the left PCP.
1DS(t) – fi rst oblique coronal plane in the Wackenheim clivus baseline; 2DS(t) – second oblique coronal plane that encompassed the anterior-

-most point of the superior dorsum sellae edge; DS – dorsum sellae; L1PCP(t) – fi rst sagittal left posterior clinoid plane in the Wackenheim cli-

vus baseline; L2PCP(t) – second sagittal right posterior clinoid plane that encompassed the anterior-most point of the superior left PCP edge; 

MP – midline plane; PCP – posterior clinoid process ; R1PCP(t) – fi rst sagittal right posterior clinoid plane in the Wackenheim clivus baseline; 

R2PCP(t) – second sagittal right clinoid plane that encompassed the anterior-most point of the superior right PCP edge; sLPCP(h) – left sagittal 

posterior clinoid plane at the greatest height of the left PCP; sRPCP(h) – right sagittal posterior clinoid plane at the greatest height of the right PCP

Obr. 5. Určení tloušťky PCP a DS.
A – CT angiografi e hlavy; koronální řez s vyznačenými rovinami [MP, sRPCP(h), sLPCP(h)], ve kterých byla měřena tloušťka horního okraje DS, 
tloušťka pravého PCP a tloušťka levého PCP.
B – CT angiografi e hlavy, sagitální řez. Vzdálenost mezi R1PCP(t) a R2PCP(t) vyjádřená v mm: tloušťka pravého PCP.
C – CT angiografi e hlavy, sagitální řez. Vzdálenost mezi 1DS(t) a 2DS(t) vyjádřená v mm: tloušťka horního okraje DS.
D – CT angiografi e hlavy, sagitální řez. Vzdálenost mezi rovinami L1PCP(t) a L2PCP(t) vyjádřená v mm: tloušťka levého PCP.
1DS(t) – první šikmá korunní rovina v základní lince Wackenheim clivus; 2DS(t) – druhá šikmá korunní rovina, která obklopovala přední část nej-

vyššího okraje hřbetního svazku; DS – dorsum sellae; L1PCP(t) – první sagitální levá posteriorní klinoidní rovina v základní hodnotě Wacken-

heim clivus; L2PCP(t) – druhá sagitální pravá posteriorní klinoidní rovina, která obklopovala přední část nejvyšší levé hrany PCP; MP – středová 

rovina; PCP – processus clinoideus posterior; R1PCP(t) – první sagitální pravá posteriorní klinoidová rovina v základní hodnotě Wackenheim cli-

vus; R2PCP(t) – druhá sagitální pravá klinoidová rovina, která zahrnovala přední část nejvyšší pravé hrany PCP; sLPCP(h) – levá sagitální zadní kli-

noidní rovina v největší výšce levého PCP; sRPCP(h) – pravá sagitální zadní klinoidová rovina v největší výšce pravého PCP

A

B C D

sRPCP(h)
sLPCP(h)

MP

L2PCP(t)R2PCP(t) 2DS(t) 1DS(t)
R1PCP(t)

L1PCP(t)
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posterior clinoid plane that encompas sed 

the anterior-most point of the superior left 

PCP edge) (Fig. 5B, D).

Statistical analysis

Statistical calculations were performed in the 

PQStat version 1.6.2.901 (PQStat Software, 

Poznań/ Plewiska, Poland).

The PCP and DS morphometric results 

were compared between women and men 

us  ing the Student’s t-test. The sym metry of 

the lowest DS point in relation to the MP 

was analysed with the chi-squared test. The 

PCP and DS morphometry relative to age 

was analysed with the Student’s t-test for 

independent samples.

The tested probability was deemed sig -

n i  fi cant at p < 0.05, and highly signifi cant at 

p < 0.01.

Results
Sym metry of the lowest DS point 

in relation to the MP

In the studied group (N = 100), the analysis 

of the lowest DS point sym metry in relation 

to the MP revealed the right position 

most frequently (48 cases; 26 women, 

22 men). Detailed results are presented in 

Tab. 1.

There were no significant cor relations 

(p > 0.05) between the analysed sym metry 

and gender.

Location of the lowest DS point 

in relation to the MP

In our set (N = 100), the average distance 

between the lowest DS point and the MP 

plane was −0.35 m m. The average distance 

between the lowest DS point and the MP 

plane was −0.37 mm in women (N = 54) and 

−0.33 mm in men (N = 46). Detailed results 

are presented in Tab. 2.

Negative values were as sumed when the 

lowest DS point was located on the right of 

the MP, and positive values were used when 

this point was located on the left of the MP. 

The 0 value was as sumed for the lowest DS 

point located in the MP.

There were no significant cor relations 

(p > 0.05) between the location of the 

lowest DS point and gender.

Width of the PCP

The average width of the right and left 

PCP was 10.20 mm and 9.85 m m, resp. The 

average width of the right PCP was 9.71 mm 

in women (N = 54) and 10.78 mm in men 

(N = 46). Detailed results are presented in 

Tab. 3.

As for the width of the right PCP, the 

results dif  fered depend  ing on gender 

in a highly significant way (p < 0.01): 

higher measurements were obtained in 

men.

Height of the PCP

The average height of the right and left 

PCP was 2.32 mm and 2.04 m m, resp. The 

average height of the right PCP was 2.28 mm 

in women (N = 54) and 2.37 mm in men 

Tab. 1. Symmetry of the lowest DS 
point in relation to the MP.

symmetry 
of the lowest 
DS point in rela-
tion to the MP

women men

N % N

right 26 48.1 22

in the MP 13 24.1 11

left 15 27.8 13

chi square 0.0029

p 0.9986

DS – dorsum sellae; MP – midline plane

Tab. 2. Location of the lowest DS point in relation to the MP.

distance between
planes in mm

arithmetic 
mean

standard 
deviation min median max Student’s 

t-test

MP – DSP

N = 100
−0.35 1.74 −7.3 0 4.8

MP – DSP

N = 54 – women
−0.37 1.91 −7.3 0 4.8

p = 0.9227
MP – DSP

N = 46 – men
−0.33 1.52 −2.8 0 3.1

DS – dorsum sellae; DSP – dorsum sellae plane; MP – midline plane

Tab. 3. Width of the PCP.

distance between 
planes in mm

arithmetic 
mean

standard 
deviation min median max Student’s 

t-test

Width of the right PCP

MP – sRPCP(w)

N = 100
10.2 1.52 5.6 10 14.6

MP – sRPCP(w)

N = 54 – women
9.71 1.53 5.6 9.5 12.7

p = 0.0004
MP – sRPCP(w)

N = 46 – men
10.78 1.31 −8.1 10.95 14.6

Width of the left PCP

MP – sLPCP(w)

N = 100
9.85 1.63 6.4 10 13.4

MP – sLPCP(w)

N = 54 – women
9.74 1.67 6.4 9.95 13.4

p = 0.2983
MP – sLPCP(w)

N = 46 – men
9.99 1.61 6.9 10.2 12.4

MP – midline plane; PCP – posterior clinoid process; sLPCP(w) – left sagittal posterior clinoid 

plane at the greatest width of the left PCP; sRPCP(w) – right sagittal posterior clinoid plane 

at the greatest width of the right PCP.
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(group 1: up to 45 years of age, group 2: over 

45 years of age).

As for the width of the left PCP, the results 

dif  fered significantly between the age 

groups (p = 0.0449; Student’s t-test). The 

obtained values were higher in group 2

(average 10.10 m m) compared to group 1 

(average 9.41 m m).

As for the height of the left PCP, the results 

also diff  ered signifi cantly between the age 

groups (p = 0.0467; Student’s t-test). The 

obtained values were higher in group 2

(average 2.21 m m) compared to group 1 

(average 1.75 m m).

In the remain  ing analysed scales, the PCP 

and DS morphometry showed no signifi cant 

diff  erences (p > 0.05) depend  ing on age.

Discus sion
There are a number of pathologies that 

can develop in the region of the PCP and 

DS, includ  ing benign tumours, such as: 

meningioma, neuroma or adenoma, and 

malignant lesions, such as: chordoma, 

chondrosarcoma or metastatic tumours. 

Moreover, vascular pathologies, the most 

com mon of which is basilar tip aneurysm, 

can also occur in this region [1,9,10].

Accord  ing to Fernandez-Miranda et al, the 

morphometry of the PCP and DS determines 

conditions in the nar row and deep surgical 

fields. These bony structures might form 

an obstacle restrict  ing free access to 

pathologies located deeper, e. g. to basilar tip 

aneurysms [1,4]. For this reason, they might 

be reduced dur  ing the procedure us  ing 

a microdril l. In the case of PCP removal, this 

manoeuvre is cal led posterior clinoidectomy 

and has been considered useful in the 

treatment of basilar tip aneurysms by e. g. 

Dolenc et al [11– 13].

Silva et al emphasises the signifi cance of 

posterior clinoidectomy performed with an 

endoscope for improved access to pathologies 

located in the region of the PCP [14]. By con-

trast with wel l-known anatomy of the 

anterior clinoid proces s, there are few 

reports that describe the morphometry 

of the PCP and DS based on reproducible 

methods [8,15,16].

Salma et al analysed the anatomy of the 

PCP region based on 3D reconstructions 

of 36 cadaveric head CT images. The study 

presents the distance between the PCP and 

the remain  ing anatomic structures that are 

crucial in surgery of the base of the skul l, 

such as the crista gal li, superior orbital fi s sure 

and foramen rotundum [7].

Thickness of the PCP

The average thickness of the right and left 

PCP was 4.28 mm and 4.31 m m, resp. The 

average thickness of the right PCP was 

4.01 mm in women (N = 54) and 4.60 mm in 

men (N = 46). Detailed results are presented 

in Tab. 6.

As for the right PCP thicknes s, the re-

sults dif fered depend  ing on gender in 

a highly signifi cant way (p < 0.01): higher 

measurements were obtained in men.

The PCP and DS morphometry 

depend  ing on age

The results were also analysed statistical ly 

in relation to age in two groups of patients 

(N = 46). Detailed results are presented in 

Tab. 4.

The results show no signifi cant diff  erences 

depend  ing on gender (p > 0.05).

Thickness of the superior 

DS edge

The average thickness of the superior DS 

edge was 3.29 m m. The average thickness 

of the superior DS edge was 3.04 mm 

in women (N = 54) and 3.58 mm in men 

(N = 46). Detailed results are presented in 

Tab. 5.

The results diff  ered signifi cantly de pend  -

ing on gender (p < 0.05): higher measure-

ments were obtained in men.

Tab. 4. Height of the PCP.

distance between 
planes in mm

arithmetic 
mean

standard 
deviation min median max Student’s 

t-test

Height of the right PCP

TP – tRPCP(h)

N = 100
2.32 1.13 0.2 2.05 6.2

TP – tRPCP(h)

N = 54 – women
2.28 0.99 0.5 2.05 5.9

p = 0.8119
TP – tRPCP(h)

N = 46 – men
2.37 1.29 0.2 2.15 6.2

Height of the left PCP

TP – tLPCP(h)

N = 100
2.04 1.11 0.4 1.8 6.9

TP – tLPCP(h)

N = 54 – women
2.07 0.97 0.8 1.85 6.1

p = 0.4506
TP – tLPCP(h)

N = 46 – men
2.01 1.25 0.4 1.6 6.9

PCP – posterior clinoid process; TP – transverse plane; tLPCP(h) – left transverse posterior 

clinoid plane at the greatest height of the left PCP; tRPCP(h) – right transverse posterior clinoid 

plane at the greatest height of the right PCP.

Tab. 5. Thickness of the superior DS edge.

distance between 
planes in mm

arithmetic 
mean

standard 
deviation min median max Student’s 

t-test

1DS(t) – 2DS(t)

N = 100
3.29 1.06 1.2 3.05 7

1DS(t) – 2DS(t)

N = 54 – women
3.04 0.99 1.2 2.9 6

p = 0.0106
1DS(t) – 2DS(t)

N = 46 – men
3.58 1.08 1.7 3.5 7

DS – dorsum sellae; 1DS(t) – fi rst oblique coronal plane in the Wackenheim clivus baseline; 

2DS(t) – second oblique coronal plane that encompassed the anterior-most point of the su-

perior DS edge.
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Tab. 6. Thickness of the PCP.

distance between 
planes in mm

arithmetic 
mean

standard 
deviation min median max Student’s 

t-test

Thickness of the right PCP 

R1PCP(t) – R2PCP(t)

N = 100
4.28 1.08 2.4 4.1 7.7

R1PCP(t) – R2PCP(t)

N = 54 – women
4.01 0.84 2.5 4 7.6

p = 0.0069
R1PCP(t) – R2PCP(t)
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right posterior clinoid plane in the Wackenheim clivus baseline; R2PCP(t) – second sagittal 

right clinoid plane that encompassed the anterior-most point of the superior right PCP 

edge
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