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Abstract T he clivus is one of the most central parts of the 
skull base. As diseases of the clivus evade clinical evalua-
tion imaging plays a pivotal role in establishing a diagno-
sis. This article combines the description of anatomy and 
pathology with an extensive pictorial essay. Starting with 
the development and normal macroscopic anatomy of the 
clivus the reader is then introduced to a large variety of 
normal variations and developmental disorders some of 
them with clinical significance. Typical examples of non-
neoplastic and neoplastic masses of the clivus and their 
differential diagnoses are provided. The article concludes 
with a review of inflammatory disease and trauma.

Keywords  Clivus · Skull base · Sphenoid bone · 
Computed tomography · Magnetic resonance imaging

Introduction

The clivus (Blumenbachii) forms the central part of the 
base of the skull and is therefore an important structure. 
This osseous region is of great clinical importance because 
typical pathology, such as chordomas, metastatic tumors, 
inflammation and fibrous dysplasia, can occur there. The cli-
vus is also involved in fractures and ultimately anatomical 
variations present important differential diagnostic issues. 

The key to explaining these anatomical variations is having 
knowledge of their developmental history.

Development of the Clivus

During early development the axial sclerotomes of the first 
somites are integrated into the skull base (Fig. 1) and form 
the basioccipital part [1]. Different opinions exist as to the 
number of axial sclerotomes incorporated into the skull base 
but it is now accepted that it consists of four elements [2, 3].  
Because vertebral material is incorporated into the skull 
base the notochord or chorda dorsalis is an important deve-
lopmental structure. It terminates just below the dorsum 
sellae and therefore the border between the spinal part and 
the chordal part of the skull base lies in front of the sphe-
nooccipital fissure. The notochord describes a complicated 
course. First, it develops from the vertebral anlage, runs to 
the dorsal side of the primitive skull base and then perfora-
tes it in an oblique direction. It then emerges rostrally from 
the skull base to lie at the ventral (outer) side of the future 
clivus where irregular processes are formed. The notochord 
then enters the basisphenoid and ends directly under the dor-
sum sellae. In considering this topographical development it 
must be stated that the crista transversa of the adult skull 
does not mark the anterior end of the notochord but marks 
the location of the former sphenooccipital fissure.

Other important embryological structures that relate to 
the skull base are the hypochordal blastemas lying in front 
of the future vertebral bodies. Only the hypochordal blas-
tema of the atlas is important as the anterior arch of the 
atlas is formed from this blastema. It is important that in 
regular development the hypochordal blastema of the proat-
las is absorbed as well as that of the other vertebral levels. 
In cases of total or partial persistence of the hypochordal 
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blastema of the proatlas, typical osseous variations at the 
caudal end of the clivus are formed [4]. If the central part 
persists, whereas the lateral parts diminish in size, a third 
condyle appears. If the lateral parts persist, whereas the cen-
tral part diminishes, the basilar processes become evident. If 
the whole hypochordal blastema of the proatlas persists, the 
rare prebasioccipital arch is manifest. Within the basilar part 
of the occipital bone the ossification center occurs between 
11 and 12 weeks of fetal life [5]. As a rule only one ossifi-
cation center is present but in rare cases it is possible that 
two centers, an anterior (basiotic sive prebasioccipital) and 

a posterior (basioccipital), occur. The prechondral anlage 
of the basioccipital part is expressed bilaterally. The rare 
segmentations of the clivus (transverse segmentation and 
sagittal clefts) can be explained according to these embryo-
logical conditions [6].

The clivus topographically ends at the sphenooccipital 
fissure just behind the dorsum sellae (Fig. 2a). This fissure 
must be regarded as an important central growth zone where 
the longitudinal growth of the skull base takes place. Ossifi-
cation of this important zone takes place at an age of about 
13–18 years (average 16 years) in boys and of about 12–16 
years (average 14 years) in girls [7]. The sphenooccipital 
fissure or synchondrosis or cleft should not be mistaken for 
a fracture (Fig. 2b).

Physiological synostosis regularly starts at the upper 
parts of the sphenooccipital cleft. Only in some cases does 
an enchondral ossification center occur within the sphe-
nooccipital cartilage. The anterior aspect of the basilar part 
of the occipital bone presents a typical morphology (Fig. 2c) 
and is D-shaped with the straight edge on the intracranial 
surface [5]. After closure of the sphenooccipital fissure the 
sphenoid bone and the occipital bone cannot be separated so 
that a new osseous unit is present. This central unit of the 
skull base should be termed as os tribasilare according to 
Rudolf Virchow [8].

According to this rudimentary discussion of development 
two points are important in explaining anatomical variati-
ons, malformations and pathological conditions:

1. �I f too much vertebral material is incorporated into the 
skull base, assimilation of the atlas occurs. If too little 
material is incorporated or if persistence of hypochor-
dal material of the proatlas occurs, an occipital vertebra 
will be manifest. Manifestation of an occipital vertebra, 
a term introduced by Kollmann in 1905 [9], occurs in the 
region of the clivus in terms of the basilar processes, the 
third condyle and the prebasioccipital arch. Moreover, 

Fig. 2  Fetal stage of the different components of the clivus (a). 1 Ba-
silar part of the os occipitale, 2 os sphenoidale with its basisphenoidal 
part, 3 sphenooccipital synchondrosis, 4 anterior intraoccipital syn-
chondroses. Note the small pits which are a characteristic feature of the 

endocranial surface of the foetal clivus. Sphenooccipital synchondro-
sis (arrow) in the CT of a child (b). Anterior aspect of the pars basilaris 
ossis occipitalis (c). Notice the straight endocranial edge (arrow) and 
the irregular anterior surface presenting clefts and holes

            

Fig. 1  Schematic drawing of the early development of the skull base. 
Notice the four hypoglossal sclerotomes which are incorporated into 
the skull base forming the spinal part. The last incorporated hypoglos-
sal sclerotome is designated as the proatlas
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different isolated ossicles may be present at the anterior 
margin of the foramen magnum [10].

2. �T he material of the chorda diminishes in size during 
further development. In some cases islands of chordoid 
material can persist within the clivus and begin to pro-
liferate in later years. These proliferations were descri-
bed by Virchow [8] as ecchondrosis physaliphora and 
constitute the matrix for typical tumors of the clivus, the 
chordomas. The term ecchordosis physaliphora is used 
nowadays for these non-neoplastic relations of clivus 
chordomas.

Anatomy

Cranial View

The osseous slope of the clivus (Blumenbachii) can be seen 
behind the dorsum sellae as it forms the anterior margin of 
the occipital foramen (Fig. 3a). The midsagittal section of 
the clivus (Fig. 3b) clearly presents a wedge-shaped appea-
rance with a thin posterior and thick anterior part. A spongy 
structure can be easily identified which contains bone mar-

row. The clivus is separated laterally from the petrous part 
of the temporal bone by the petrooccipital fissure (sive 
petrobasilar fissure). This fissure is filled with cartilaginous 
tissue in adolescence so that a petroccipital synchondrosis is 
formed in the nonmacerated skull. This synchondrosis ossi-
fies during aging and in some cases small ossicles may be 
intercalated. These ossicles (Fig. 3c) are termed as Riolan’s 
ossicles or ossa raphogeminantes ossis petrosi. According 
to Gruber [11], who described these ossicles in detail, these 
bones must be seen as sutural bones and not as epiphyses. 
There are many different forms, locations and entities of 
these ossicles, which explains the confusion in the literature. 
The ossa raphogeminantes are visible from the endocranium 
or the outside and in some cases they are hidden in the depth 
of the fissure. In some cases an additional foramen (Fig. 3d) 
may be present in the petrooccipital fissure which usually 
contains the inferior petrous sinus. This foramen is known 
as the foramen pro sinu petroso inf. sive foramen anoma-
lum suturae petro-basilaris Gruber and can be seen in about 
12% of cases. Cranially, the inferior petrous sinus rests on 
the petrooccipital fissure and creates the sulcus sinus petrosi 
inferioris. The clivus is not a plane but a dorsally concave 
structure. This concave depression is termed “Clivusdelle” 

Fig. 3 C livus in the view from 
above (a). 1 Tuberculum jugulare, 
2 fissura petrooccipitalis, 3 sulcus 
sinus petrosi inferioris, 4 dorsum 
sellae. Midsagittal section of 
the clivus (b). Note the typical 
wedge-shaped aspect of the 
clivus and the coarse spongiosa. 
1 Dorsum sellae, 2 sella turcica, 
3 sinus sphenoidalis, 4 condylus 
occipitalis. Os raphogeminans 
ossis petrosi (arrow c). This 
ossicle is intercalated into the 
fissura petrooccipitalis such that 
it is not able to fall out. Left-sided 
foramen suturae petrobasilaris an-
omalum Gruber (d white arrow) 
which is separated by an osseous 
bridge (asterisk) from the jugular 
foramen
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(clivus dent) by Lang [12] or sulcus medullae oblongatae by 
von Spee [13].

The cranial surface is covered by dura mater which is 
perforated by the abducens nerves in the central part of the 
clivus. The abducens nerve then runs extradurally to the 
lateral margin of the dorsum sellae where it passes over the 
petrous apex and enters the cavernous sinus. At this point 
mention should be made of Dorello’s canal with an expla-
nation. Of several ligaments traversing the gap between the 
petrous apex and the lateral margin of the dorsum sellae, 

the ligamentum petrosphenoideum (sive sphenopetrosum) 
superius, investigated with great precision by Gruber in 
1859 [14], is important for the course of the abducens nerve. 
Microdissections of this region reveal the easily prepared 
petrosphenoidal or Gruber’s ligament lying below the dura 
mater (Fig. 4). The ligament originates at the superior bor-
der of the pyramid and inserts at the posterior inferior cli-
noid process (sive processus petrosus posterior) and at the 
lateral margin of the dorsum sellae. It often splits into two or 
more bundles, some fading into the dura mater which covers 
the dural surface of the dorsum sellae. Several osseous 
situations may be observed depending on the degree of 
ossification of this ligament. The normal situation presents 
no ossification within the ligament at all (Fig. 5a), the liga-
ment may be partially ossified at the superior crest of the 
petrous pyramid forming a processus sphenoidalis posterior 
(Fig. 5b) or ossification of the insertion at the lateral margin 
of the dorsum sellae produces a processus clinoideus poste-
rior inferior (Fig. 5c). It is rare to see complete ossification 
so that an additional osseous foramen occurs (Fig. 5d). This 
foramen should be termed foramen sphenopetrosum osseum 
anomalum Gruber. In contrast, the cross-sectional anatomy 
at microdissection (Fig. 6) of this region presents a more 
complicated situation: the abducens nerve is enclosed wit-
hin a thin sheath of the cerebral dural layer and the trabecu-
lated cavernous sinus extends around the abducens nerve. 
This venous space was termed the petroclival confluence 

Fig. 4  Abducens nerve lying under the superior sphenopetrosal liga-
ment. 1 Lig. sphenopetrosum superius (Gruber), 2 nervus abducens, 3 
apex partis petrosae, 4 dorsum sellae

Fig. 5  Normal situation at the 
petrous apex (a). Processus sphe-
noidalis posterior (b, arrow) at 
the superior margin of the petrous 
pyramid. Processus clinoideus 
posterior inferior (c, white arrow). 
Small processus sphenoidalis 
posterior (black arrowhead). 
Foramen sphenopetrosum osseum 
anomalum (Gruber) cannulated 
with a red probe (d). The arrow 
points towards the osseous bridge
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by Destrieux et al. [15]. The inferior petrous sinus begins 
directly below the abducens nerve so that the nerve lies as a 
roof above the orifice of this sinus.

The abducens nerve passes through the foramen spheno-
petrosum (fibrosum or osseum) and is fixed with its dural 
sheath at the superior margin of the petrous pyramid. The 
nerve may be compressed or stretched in this narrow pass-
age especially during traumatic events. In the literature this 
conduit for the abducens nerve is also known as Dorello’s 
canal but it should be noted that the concept of Dorello’s 
canal, which is not a real canal, is no longer convincing as 
has already been described in the literature [15, 16]. On 
high-resolution magnetic resonance imaging (MRI) the 
abducens nerve can be followed from its cisternal portion 
up to the point where it crosses under Gruber’s ligament 
(Fig. 7; [17]). A histologically proven arachnoid envelope 
around the petroclival segment of the nerve is shown as 
cerebrospinal fluid (CSF) evagination into Dorello’s canal 
[18] on T2-weighted images.

The sphenoid sinus if well pneumatized extends to the 
clivus with a posterior recess. In rare cases the sphenoid 
sinus can pneumatize the whole clivus and terminate at the 
anterior margin of the occipital foramen. It is essential for 
the ear, nose and throat (ENT) surgeon to recognize that the 
dorsal (superior) lamella of such a posterior recess of the 
sphenoid sinus is usually very thin or even dehiscent (Fig. 8) 
so that iatrogenic perforation can easily occur. A perforation 
of this thin lamella would be very dangerous for the basilar 
artery or the brain stem lying directly above the clivus.

Caudal View

If the clivus is considered from the caudal aspect it can be 
seen that it lies at the center of the skull base (Fig. 9) and at 
the anterior it is bordered by the vomer with its alae. Late-
rally it is separated from the petrous part of the temporal 
bone by the petrooccipital fissure in the posterior section 
and from the petrous apex by the foramen lacerum in the 
anterior part. Dorsally it forms the anterior margin of the 
foramen occipitale magnum. The anterior part of the cli-
vus is smaller than the posterior one which merges with the 
lateral parts of the occipital bone. The outer surface of the 
clivus is covered in thick fibrous tissue which is a conti-
nuation of the fibrocartilago basalis of the foramen lacerum. 
It presents a complicated and variable relief [13, 19]. The 
terminology for the description of these osseous surface 
structures is not clearly defined and is often neglected in 
anatomy textbooks. The normally small pharyngeal tubercle 
is visible at a distance of about 1 cm from the anterior mar-
gin of the foramen magnum. This tubercle is the osseous 
fixing point for the raphe pharyngis and the anterior longitu-
dinal ligament of the vertebral column. Therefore, topogra-
phically it marks the posterior extension of the pharyngeal 
roof. In some cases a small osseous elevation is present 
between the pharyngeal tubercle and the anterior margin of 
the foramen magnum. This ridge is called the crista pharyn-

Fig. 6  Section through the region of the petrous apex. 1 Dura mater, 
2 lig. sphenopetrosum superius Gruber, 3 nervus abducens, 4 sinus 
petrosus inferior, 5 arteria carotis interna

            

Fig. 7 T 2-weighted magnetic resonance imaging (a) at the level of ent-
rance of the abducens nerve into “Dorello’s canal” depicts evagination 
of cerebrospinal fluid. T1-weighted magnetic resonance imaging after 
contrast (b, c) shows the course of the abducens nerve (white arrow) 

through the venous plexus of the clivus with the abducens nerve (white 
arrow) crossing under Gruber’s ligament (black arrow). All magnetic 
resonance images in this article were obtained from 1.5T scanners at 
the first author’s institution
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gea. The osseous surface is characterized by two osseous 
ridges laterally to the pharyngeal tubercle. The anterior one 
is called the crista synostotica (Mingazzini), whereas the 
posterior one is termed the crista muscularis. Mingazzini’s 
crista marks the border between the basioccipital and the 
prebasioccipital parts whereas the crista muscularis is due 
to the insertion of the rectus capitis anterior muscle. Often 
the crista muscularis borders the variable precondylar fossa 
(sive sulcus praecondylicus according to Jeschke [20]). A 
slight round or elliptical depression, the navicular fossa, 
may be observed in front of the pharyngeal tubercle.

Craniometry

As the basiocciput or the basilar part of the occipital bone 
is part of the clivus, the clivus is integrated in the craniocer-
vical junction which comprises the occiput, atlas and axis 
[21]. With regard to basic craniometry the reader is referred 
to the relevant textbooks and review articles [21, 22]. Of 
the many lines and angles described, at least two should be 
remembered: the McRae line and the Boogaard angle. The 
McRae line or basion-opisthion line extends from the ante-
rior margin of the foramen magnum (basion) to its posterior 
margin (opisthion). The odontoid tip commonly lies below 
this line. The Boogaard angle is described by the clivus plane 
(dorsum sellae to basion) and the McRae line. This angle 
should fall between 119° and 135° (mean 122°; Fig. 10). 
Most anomalies are associated with a reduced angle and a 
decreased skull base height.

Fig. 8  Posterior recess of the sphenoid sinus. The very thin, partially 
dehiscent structure of the superior wall is easily recognized. Arrow: 
dehiscence

            

Fig. 9 C audal view of the clivus with the typical osseous relief. Black 
asterisk tuberculum pharyngeum, white asterisk fossa navicularis, 
red asterisk sulcus praecondylicus, black arrow crista muscularis, 
white arrow crista synostotica (Mingazzini), white arrowhead fissura 
sphenooccipitalis

            

Fig. 10  Basic craniometry of the clivus (T2-weighted midsagittal ma-
gnetic resonance image) showing the McRae line (BC) and the Boo-
gaard angle (ABC)
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Anatomical Variations

Basilar Transverse Fissure (Sauser’s Fissure)

The extraordinarily rare basilar transverse fissure is a unila-
terally or bilaterally incomplete or complete cleft or groove 
in the pars basilaris ossis occipitalis at the level of the pha-
ryngeal tubercle (Fig. 11). This trait can be seen occasio-
nally on x-rays of the paranasal sinuses [23]. Depending on 
the development of the basilar part of the occipital bone the 
basilar fissure marks the border between the basioticum and 
the basioccipital bone. For the various types of segmenta-
tion of the basioccipital bone see Le Double [6]. Confusion 
with the synchondrosis sphenooccipitalis which is normal in 
children and adolescents should be avoided. Radiologically, 
Sauser’s fissure was first described in a case of atlas assimi-
lation by List [24].

Processus Basilares

Basilar processes are small bony bumps located at the 
anterior margin of the foramen magnum (Fig. 12). These 
excrescences may occur unilaterally or bilaterally, be firmly 
attached or form accessory ossicles [10, 25–27] and can be 
observed in approximately 4% of individuals [28]. Etiologi-
cally the basilar processes are derived from the hypochordal 
blastema of the proatlas which persists in its lateral parts. If 
excessive basilar processes fuse in the midline they could be 
confused with a third condyle. The osseous mass resulting 
from the fusion of the basilar processes is usually perforated 
by an osseous canal termed the canalis intrabasilaris Koll-
manni. This canal does not exist in third condyles. The basi-
lar processes do not seem to have any clinical significance 
besides differential diagnostic aspects. The articulation of 
a large basilar process with the anterior arch of the atlas is 

a rare event (Fig. 13a, b) and may lead to a serious distur-
bance of the mechanics of the atlantooccipital joint.

Condylus Tertius

The condylus tertius (third condyle, Fig. 14a) results from 
persistence of hypochordal blastema of the proatlas in its 
medial part while the lateral parts diminish in size. The 
typical third condyle is an osseous process positioned in 
the mediosagittal plane at the anterior margin of the fora-
men magnum [10, 25–27] and was first described by Johann 
Friedrich Meckel jr. in 1815 [29]. In some cases an articula-
tion occurs with the tip of the dens axis or the anterior arch 
of the atlas [25, 30, 31]. The third condyle may be of clinical 
significance because it may cause serious disturbances in 
skull mobility [22]. In rare cases a third condyle may be 
misinterpreted clinically as a nasopharyngeal tumor [32].

Arcus Praebasioccipitalis

A horseshoe-like osseous mass at the anterior margin of 
the foramen occipitale magnum is referred to as prebasioc-
cipital arch (Fig. 14b). This manifestation of the occipital 
vertebra may occur as isolated ossicles or a fixed element. 
The radiological appearance was studied in detail by one of 
us [26, 27]. The first typical radiological observation was 
published by Lombardi [33], who calculated a frequency 

            

Fig. 11  Sauser’s fissure in an incomplete form (arrows). Asterisk tu-
berculum pharyngeum, arrowhead crista pharyngea

Fig. 12 C livus seen from below. 1 Tuberculum pharyngeum, 2 mini-
mally expressed basilar processes, 3 sulcus praecondylicus, 4 small 
os raphogeminans ossis petrosi. Note additional pharyngeal foveola 
(arrow)
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of about 0.03%. The prebasioccipital arch can disturb the 
mechanics of the craniovertebral joints and the isolated ele-
ment in particular may be dislocated into the spinal canal, 
due to traumatic events.

Ossification of the Ligamentum Apicis Dentis

The ligamentum apicis dentis (apical ligament of the odon-
toid process) is a developmental relic which can be derived 
from the notochord. This ligament has no mechanical pro-
perties, arises from the tip of the dens axis and inserts at the 
midsagittal point of the anterior margin of the foramen occi-
pitale magnum. In some cases ossification can occur at the 
osseous fixing points. At the clivus the ossification mostly 
looks like a small osseous spur (Fig. 15a) and in rare cases 
only the ensheathing material ossifies, whereas the central 
part remains ligamentous. In such cases a tube-like struc-
ture occurs at the anterior margin of the foramen occipitale 
magnum (Fig. 15b). These ossifications of the ligamentum 
apicis dentis are of no clinical relevance but may in some 
cases be important for differential diagnostics and should 

not be confused with the third condyle or the pseudocondy-
lus tertius.

Nearthroses at the Clivus

During aging arthrotic changes frequently occur at the 
median atlantoaxial joint. This osteoarthrosis leads to osteo-
phytes at the superior margin of the anterior arch of the atlas 
as well as at the anterior margin of the dens axis. In some 
cases these osteophytes come into contact with the medial 
part of the clivus where a typical nearthrosis is formed. 
These acquired conditions are to be differentiated from con-
genital entities which can also be modified by osteoarthrotic 
processes [25, 31, 34, 35].

Vessels

The clivus is covered by a venous plexus system which 
is in direct communication with the external and internal 

Fig. 13 L arge left-sided basilar 
process (a, arrow) showing the 
articular facet at the anterior arch 
of the atlas (asterisk) and the large 
basilar process articulating with 
the anterior arch of the atlas (b). 
The basilar process fits exactly 
into the fovea dentis

            

Fig. 14 C ondylus tertius (a, 
asterisk) with an articulation 
facet for the dens axis. Arcus 
praebasioccipitalis (b, asterisk) 
presenting as a horseshoe-like 
osseous mass at the anterior 
margin of the foramen occipita-
le magnum
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vertebral venous plexuses. Because developmentally the 
clivus belongs to the vertebral column, the basilar venous 
plexuses can be seen as a part of Batson’s plexus. Accor-
ding to these venous connections the clivus is often reached 
by metastatic tumors affecting the vertebral column. Breast 
carcinomas and prostatic cancer in particular often involve 
the clivus.

Developmental Disorders

The basiocciput which contributes to the lower part of the 
clivus is formed by four occipital sclerotomes. Nonfusion 
of these sclerotomes allows for a variety of gaps that can 
be seen by imaging. Bony canals, if present, are assumed 
to contain communicating veins between extracranial and 
intracranial venous plexuses [36] and such passages are a 
regular finding on high-resolution computed tomography 
(CT) (Fig. 16) but the prevalence and significance are bar-
ely known.

Basilar Canals

In some cases a canalis basilaris (Fig. 17) may be present 
in the basal part of the occipital bone. Usually this canal 
contains a vein or venous plexus which can be seen as for-
mer basivertebral veins of the vertebral material which was 
incorporated into the skull base. The vein within the basilar 
canal forms an anastomosis between the intracranial and 
extracranial venous systems. A frequency of 8% in adults 
may be calculated for the canalis basilaris [37]. Different 
subgroups have been described and are summarized by Lang 
[12]. If a pharyngeal foveola is present the basilar canal may 
open into this osseous depression.

Of the subgroups a median basilar canal is a well-defined 
channel originating on the intracranial surface of the basioc-
ciput in the midline close to the anterior rim of the foramen 
magnum (Fig. 18). Two theories have been proposed regar-
ding the embryogenesis: one is vascular and the second and 
more likely theory implies vestiges of the notochordal canal 
[38]. A median basilar canal has a fairly high prevalence of 
20% in the skulls of newborns and becomes increasingly 

Fig. 15  Osseous spur (a, arrow) 
in the midsagittal plane of the 
anterior margin of the foramen 
occipitale magnum. This spur 
develops as an ossification of the 
ligamentum apicis dentis. Small 
tubular osseous structure (b, 
arrow), also due to an ossification 
of the ligamentum apicis dentis

Fig. 16 T ransclival venous canal (white arrows) on sagittal computed 
tomography. Incidental finding in a patient with an invasive pituitary 
adenoma (arrow: erosion of sellar floor)

Fig. 17  Basilar canal, cannulated with a red probe opening in front of 
the pharyngeal tubercle (asterisk)
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rare in adult age where it is found in only 1% [39]. Contrary 
to previous assumptions of a basilar canal being a meaning-
less, innocent normal variation there is evidence that this 
anomaly may be a weak point in the skull base and has to be 
actively sought in patients with bacterial meningitis [40].

A median basilar canal may open in front of the pharyn-
geal tubercle at the level of the pharyngeal fossa or foveola 
on the inferior surface of the sphenoid.

Pharyngeal Fossa or Pharyngeal Foveola

A pharyngeal fossa or pharyngeal foveola may or may not 
be associated with a basilar canal and may be an isolated 
finding. It is a round or oval recess found occasionally in 
the base of an inconstant bony excavation, the fossa navi-
cularis, located in the midline in front of the pharyngeal 
tuberosity at the inferior surface of the clivus [41, 42]. 
Only in rare cases is a typical pharyngeal foveola (sive pha-
ryngeal fossa) present in this region presenting as a blind 

ending hole or funnel (see Fig. 11). The pharyngeal foveola 
was first described by Tourtual [43] and Pölchen [44] also 
investigated this blind ending hole and correlated it with 
the pharyngeal bursa. It is interesting that this bursa may 
extend into the foveola in cases of Tornwaldt’s cysts. Gruber 
[45] differentiated three different types of the pharyngeal 
foveola, the foveola pharyngea infundibuliformis posterior, 
foveola infundibuliformis media vera and foveola pharyn-
gea infundibuliformis anterior. A pharyngeal foveola may 
have clinical significance and apart from posing differential 
diagnostic problems for imaging it might play a role in ena-
bling ascending meningitis (Fig. 19).

Arachnoid Herniations

Nontraumatic osseous defects of the clivus with arach-
noid herniation can lead to spontaneous CSF leaks into 
the sphenoid sinus and ultimately to bacterial meningitis. 
Such defects are associated with intracranial hypertension 
and occur most frequently within the ethmoid and within 
the inferolateral recess of the sphenoid sinus, the midline 
sphenoid sinus ranking third in frequency [46]. In the clivus 
the defects penetrate the posterior wall of the sphenoid sinus 
allowing for small arachnoid pits to herniate into the sinus 
lumen (Fig. 20). Inexperience with this finding and their 
small size can cause such midsphenoid leaks to be easily 
overlooked.

Nonneoplastic Masses

Fibrous Dysplasia

Fibrous dysplasia is a developmental anomaly with the 
replacement of mature bone by structurally weak immature 
woven bone and fibrous tissue and is most often seen in 
the first decades of life. It occurs in two forms: polyostotic, 

Fig. 18  Axial CT of a median basilar canal (arrow) in a male teenager 
suffering from recurrent bacterial meningitis

            

Fig. 19  Pharyngeal foveola (arrow), axial (a) and sagittal (b) reform-
ation of computed tomography in an 8-year-old girl with meningitis. 
No other entrance for an infectious agent could be found. Association 

of pharyngeal foveola with a Tornwaldt cyst (c, arrow) on T2-weighted 
magnetic resonance imaging
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involving several bones and making up 30% of the cases 
and monostotic, which involves a single bone and consti-
tutes 70% of cases [47]. Polyostotic fibrous dysplasia, in 
addition to café au lait spots and endocrine disorders, con-
stitutes the McCune-Albright syndrome. Involvement of the 
sphenoid bone and clivus is not uncommon [48] in fibrous 
dysplasia of the skull base but involvement of the clivus in 
monostotic fibrous dysplasia is rare. Imaging findings are 
characteristic and CT shows thinning of cortical bone and 
expansion of the affected area with the typical ground-glass 
appearance (Fig. 21). Usually, the diagnosis is straightfor-
ward and should obviate the need for biopsy. The MRI fin-
dings are less specific and T1-weighted images invariably 
exhibit a low signal. The signal on T2-weighted images may 
vary from low in cellular, fibrous areas to high in areas of 
cyst formation.

Neurenteric Cysts

A neurenteric cyst of the clivus is an unusual cause for a cli-
val mass [49]. On CT a lytic lesion with intact cortex should 
arouse suspicion of a neurenteric cyst, which is hyperintense 
(relative to gray matter) on T1-weighted and iso-intense to 
hypo-intense on T2-weighted MRI and is a differential dia-
gnosis of sphenoid sinus mucocele.

Ecchordosis Physaliphora

A lesion which has only recently been described systema-
tically is ecchordosis physaliphora [50], a tumor-like con-
genital malformation, formerly incorrectly designated as 
ecchondrosis physaliphora. It is anything but rare and can be 
found in 2% of autopsies and thin-section MR imaging stu-

dies. Ecchordosis physaliphora consists of nodules of gela-
tinous tissue considered to be an ectopic notochord remnant. 
Imaging is characteristic: the lesion arises from the clivus 
at the midline from where it protrudes into the intradural 
prepontine cistern (Fig. 22) and a stalk-like median bony 
protuberance or crest is a diagnostic hallmark. Ecchordoses 
are hyperintense on T2-weighted MRI and hypointense on 
T1-weighted MRI. In contrast to their neoplastic kinship, 
chordomas, they do not show contrast enhancement [51]. 
Formerly considered to be a clinically inconspicuous inci-
dental finding, ecchordosis physaliphora has recently been 
ascribed to bleeding or to causing CSF leakage [52, 53].

Neoplastic Masses

Chordoma

Ecchordosis physaliphora and chordoma are closely related 
lesions which share a common histologic origin, namely 
that they are both remnants of the notochord. Chordo-
mas in contrast to ecchordoses are slow growing, locally 
invasive malignant neoplasms which can metastasize via 
hematogenous or lymphatic routes. The rare purely intra-
dural chordoma is difficult to distinguish from ecchordosis 
physaliphora and poses a differential diagnostic challenge 
in terms of histology and radiography.

Fig. 20 T 2-weighted sagittal magnetic resonance imaging. Arachnoid 
hernia through a small defect in posterior sphenoid wall (arrow). Note 
associated empty sella

            

Fig. 21  Extensive fibrous dysplasia of the skull base involving the 
clivus
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Classical clival chordomas account for 1% of intracranial 
tumors [54] and due to their slow growth are insidious in 
producing symptoms (headache, diplopia). They typically 
appear as centrally located, well-circumscribed, expansile 
soft-tissue masses which most often arise from the clivus 
with associated lytic bone destruction. A minority of chor-
domas arise unilaterally from the petrous apex. On CT 
clival chordomas appear as lytic bone destruction with an 
associated expansile soft-tissue mass. Intratumoral calcium 
deposits are irregular and are thought to be sequestra from 
bone destruction. Chordomas appear bright on T2-weighted 
MRI, a finding which reflects their high fluid content, while 
on T1-weighted MRI they are dark and show moderate to 
marked contrast enhancement which may be heterogeneous 
(Fig. 23). Foci of hemorrhages appear as bright spots on T1-
weighted and dark areas on gradient-weighted sequences. 
Metastases, lymphatic or hematogenous, should always be 
sought.

Meningioma

The clivus is covered with dura mater, therefore it can be 
affected by the most common tumor of the dura, menin-
gioma. Originating from arachnoidal granulations at the 

vicinity of the petroclival line, meningiomas are very rare 
at the center of the clivus proper (Fig. 24). This may be due 
to a relative paucity of arachnoid granulations at the central 
surface of the clivus. Petroclival meningiomas (Fig. 25) are 

Fig. 22 E cchordosis physaliphora. Median crest-like bony stalk (a, arrow on axial computed tomography). Non-enhancing clival mass (b and c, 
arrow on T2-weighted and T1-weighted magnetic resonance imaging with contrast) in an asymptomatic male

Fig. 23 C livus chordoma. Subtle bony erosion on computed tomography (a arrow). Extensive tissue tumor in the prepontine cistern (b magnetic 
resonance imaging T2-weighted, c T1-weighted with contrast) with encroachment of the basilar artery

            

            

Fig. 24 C entral meningioma of the clivus with typical dural tail (T1-
weighted magnetic resonance imaging with contrast, arrow)

            



1 3

135The Clivus

much more common and are defined as being located medial 
to the exit of the trigeminal nerve [55]. Usually, the tento-
rium is invaded whereby one-sided invasion is limited to 
the posterior fossa, while two-sided invasion also affects the 
middle fossa through the tentorial incisura [56]. While some 
clival meningiomas are entirely dural and subdural others 
may have a tendency to involve the extradural and osseous 
compartments [57]. Special care should be undertaken to 
analyze vascular encasement and displacement especially of 
the carotid artery.

Metastasis

Like any region of the skull the clivus can be affected by 
bone metastases. Depending on the primary tumor, meta-
stases may appear as focal or confluent areas of osteolysis 
or osteosclerosis. While being considered as rare findings in 
a neurosurgical patient sample [58] it is the authors’ expe-

rience that clival metastases are not uncommon. The most 
common primaries are breast and prostate cancer (Fig. 26). 
The communicating venous network of the clivus and the 
spine facilitates the spread of tumor cells. In osteolytic lesi-
ons, plasmocytoma is a differential diagnosis (Fig. 27).

Tumors of Adjacent Compartments

A description of clival tumors is not complete until men-
tion has been made of adjacent regions and their neoplasias. 
As a part of the sphenoidal and occipital bones the clivus 
is prone to be involved in a variety of tumors of neighbo-
ring structures. In the anterior, the dorsal extension of an 
invasive pituitary adenoma can reach the clivus. Laterally, 
trigeminal schwannomas may extend to the clivus leading 
to scalloping of its laterodorsal surface. On rare occasions, 
even tumors arising from the jugular foramen or cerebello-
pontine cistern can extend as far as the clivus.

Fig. 25  Petroclival meningioma 
with two-sided infiltration of the 
tentorial margin and petroclival 
fold. Note sclerotic anterior clino-
id process (arrow). T1-weighted 
magnetic resonance imaging with 
contrast (a) and axial computed 
tomography (b)

            

Fig. 26  Osteoplastic clival 
metastasis of prostate carcinoma 
with extension into suprasellar 
cistern with computed tomo-
graphy (a) and T2-weighted 
magnetic resonance imaging 
(b). Note signal void on magne-
tic resonance imaging which is 
difficult to distinguish from air 
in the sphenoid sinus
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Inflammatory Lesions

Chronic Sinusitis

Pneumatization of the sphenoid sinus may vary conside-
rably [59]. In the so-called post-sellar type the sphenoid 
sinus reaches the clivus in the posterior with its mucope-
riost coming into close contact with the dura mater of the 
prepontine cistern. In this situation the clivus is prone to 
be affected by sphenoid sinusitis. In chronic infections of 
the sphenoid sinus its walls are thickened and sclerotic and 
the cavity shrunken [60]. This gives the clivus a sclerotic 
appearance (Fig. 28).

Skull Base Osteomyelitis

Skull base osteomyelitis mimics malignancy. It may follow 
external ear infection in older diabetic or otherwise immu-
nocompromised patients, mostly males and has Pseudo-

monas aeruginosa as the usual pathogen. Patients usually 
present with ear pain and otorrhea. Associated cranial nerve 
neuropathy, mostly double vision, facial palsy, facial pain 
and hoarseness, indicates skull base involvement [61]. Aty-
pical skull base osteomyelitis arises from the sphenoid or 
occipital bones, is not associated with external otitis, occurs 
far less frequently and initially may have headache as the 
only symptom [62]. Skull base osteomyelitis is potentially 
life-threatening and requires urgent diagnosis and treatment. 
Imaging is one of the mainstays in establishing the diagnosis 
and CT findings are cortical bone erosion and adjacent soft 
tissue swelling [63]. The MRI findings are replacement of 
clival fatty bone marrow by exudate and effacement of soft 
tissues resulting in a marked drop of T1-weighted signal 
in precontrast images (Fig. 29). The soft tissues and bones 
involved are greatly enhanced after iv contrast medium.

Inflammatory Pseudotumor

Very rarely, inflammatory pseudotumors may involve the 
clivus and mimick malignancy. A soft tissue mass lesion, 
with extension into the prevertebral retropharyngeal space 
and the cavernous sinuses, is detected by CT and MRI 
[64].

Traumatic Lesions

Fractures of the clivus are not uncommon and have been 
reported in 0.2% of patients with head injuries and in 2% 
of patients with skull fractures [65]. Historically associated 
with a disastrous prognosis, the outcome with a mortality 
of about 25% is better than has been described before the 
advent of high-resolution CT. Clival fractures can be classi-
fied as three types: (1) sagittal (intersecting the dorsum sel-

Fig. 27 C lival plasmocytoma 
(arrows) on axial computed 
tomography (a) and T1-weighted 
magnetic resonace imaging with 
contrast (b)

            

Fig. 28  Sagittal CT. Chronic sphenoid sinusitis with marked sclerosis 
of posterior sphenoid sinus wall
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lae), (2) transverse (intersecting both petrous ridges) and (3) 
oblique (intersecting one petrous ridge; Fig. 30). Oblique 
fractures are most common with longitudinal and transverse 
fractures ranking second and third, respectively. Those pati-
ents with a transverse fracture have the highest risk of death. 
The vertebrobasilar arteries can be trapped in rare cases of 
clivus fractures [66].

Traumatic retroclival hematomas are rare [67] and most 
reported cases have involved pediatric patients [68] where 
hematomas can be subdural or epidural. In contrast to 
reports in the literature the only patient encountered by the 
authors in recent years was an elderly man who developed 
a traumatic subdural retroclival hematoma following ade-
quate trauma (Fig. 31). Clinicians should be highly suspici-
ous of ligamentous injury and the potential instability of the 
craniocervical junction.

Fig. 29  Skull base osteomyelitis. 
Slight cortical erosions on compu-
ted tomography (arrows in a) and 
extensive soft tissue involvement 
on T1-weighted magnetic reso-
nance imaging (arrows in b)

Fig. 30 C lival fractures. Sagittal type (arrows in a), transverse type (arrows in b) and oblique type (arrows in c)

            

            

Fig. 31  Sagittal CT. Extensive extra-axial hematoma extending from 
the retroclival area into the cervical spinal canal
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Conclusions

The clivus is the central part of the skull base. Often, clini-
cal signs and symptoms of clival disease are nonspecific or 
even absent, therefore, imaging is one of the mainstays for 
establishing a diagnosis. This necessitates a thorough know-
ledge by the neuroradiologist of normal anatomy, the some-
times insidious normal variants and frank pathology.
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