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Anatomy and Clinical Importance of the
Extracranial Clivus and Surrounding Structures

Anatomia e Importancia Clinica del Clivus Extracraneal y las Estructuras Circundantes

Huseyin Erdem!; Emine Dondu Kizilkanat?; Neslihan Boyar; Roger Soame$& Ozkan Oguz

ERDEM, H.; KIZILKANAT, E. D.; BOYAN, N.; SOAMES, R. & OGUZ, O. Anatomy and clinical importance of the extracranial
clivus and surrounding structuretnt. J. Morphol., 36(2557-562, 2018.

SUMMARY: The aim of this study was to reveal the clinical importance of measurements taken from the pharyngeal tubercle
(PT) to various anatomical structures around the extracranial clivus. Twenty-six adult dry Anatolian skulls were exaneredcidraal
clivus and PT were used as landmarks from which various distances were measured using a digital caliper accurate to 8.01 mm. Th
following mean distances from the PT were observed; foramen lacerum (FL) (L: 17.15 mm, R: 17.4 mm) ; medial externakheargin of
carotid canal (CC) (L: 26.7 mm, R: 27.5 mm); anterior tip of occipital condyle (OC) (L: 16.4 mm, R: 16.3 mm); anterior fnargin o
foramen magnum (FM) (10.8 mm); foramen ovale (FO) (L: 25.9 mm, R: 29.1); medial margin of the jugular fossa (JF) (L: 25.4 mm, R
25.7 mm); medial external margin of the hypoglossal canal (HC) (L: 20.0 mm, R: 19.9 mm). Mean bilateral distances were: LFO-RFO
45.34 mm; LFL-RFL: 20.1 mm; LCC-RCC: 52.1 mm; LOC-ROC: 17.6 mm; LIJF-RJF: 45.2 mm; LHC-RHC: 33.5 mm. The following
mean distances were observed from the FM: FM-OC (L: 8.3 mm, R: 9.3 mm); FM-HC (L: 17.8 mm, R: 17.4 mm). Also the mean
distance of OC-HC were observed (L: 11.7 mm, R: 11.4 mm). Present measurements suggest that the PT can be used as an anatomice
landmark during surgery involving clival pathology. However, the anatomy and variations of the extracranial clivus andrsurround
structures must be taken into consideration.

KEY WORDS: Extracranial clivus; Middle skull base; Pharyngeal tubercle; Skull base.

INTRODUCTION

The management of the skullbase lesions espicapoglietto et al., 2005). Nowadays the undeniable
involving the clivus has challenged neurosurgeons for sevegaintribution of endoscopic endonasal surgery of the skull
dacades (Jackson, 1981). Various neurovascular structusese offers safe and effective intervention for cranial fossa
settled and passing through in this complex anatomical ar@athologies. In this respect the precise morphometry of the
are potential life-threatening components for hemorrhagg&ull base must be assessed and evaluated to enable
and infections during or after the surgery (Petel, 2016). improvements in, and the facilitation of neurosurgical
The technological advancement on radiodiagnostieperations and surgical approaches employed (Kizilkanat
anesthesia, and microsurgery equipped the specialistsetal, 2006).
interfere lesions on the skull base (Waetgal., 2016).

Several approach technigques have been used for over a The skull base is a combination of several bones
century. The high mortality risk associated with transcraniglirrounded by numerous vital neurovascular structures (Patel
approaches has made the transsphenoidal approach areimdl). Its complex anatomy requires detailed knowledge of
eluctable alternative technique (Pattl al.). The the topography and bony landmarks. The topography of the
transsphenoidal approach to the midline of the skullbase wagjion has been well established by anatomists and surgeons
described in late 1890s; however it did not become popul@ackson; Patet al); however a lack of knowledge
among neurosurgeons until the 1960s because of insufficieatarding the bony landmarks can endanger surgical
visualation, and also they were skilled in transcranialpproach techniques (Jackson). The clivus, an important
approaches (Liet al, 2001). Following the invention and bony component of the skull base, is a combination of the
further development of the rod-lens system several surgierpus ossis sphenoidalis and basal part of the occipital bone:
departments, including neurosurgery, adopted endoscapys pitched at 45to the vertical (Jet al, 2012, 2015).

! Department of Anatomy, Faculty of Medicine, Cukurova University, Balcali, Adana, 01330, Turkey.
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Based on an endoscopic endonasal approach the skdfe surgical approaches to the clivus a detailed
base consists of four regions, these being the anterior midlim@rphometric analysis of the skull base needs to be
skull base, middle skull base, posterior midline skull basendertaken and evaluated. Consequently, the distances
and parasellar region (Solatial, 2014). Within each region between the pharyngeal tubercle and various foramina
are substantial important structures which must be avoidgdnsmitting cranial nerves and vessels, as well as some bony
to prevent damage during surgery. The posterior midline skabmponents, around the clivus have been measured, assessed
base is exposed by an endoscopic endonasal transclizadl evaluated. Measurements taken from dry skulls are more
approach: the clival region to the craniovertebral joirdensitive than the measurements taken from CT and MRI.
complex (CJC) can be visualised using this approach (Solari
etal).

MATERIAL AND METHOD

Skull base pathologies adversely affect the quality
of life and can be potentially life-threatening abnormalities
(Jiet al, 2012). Inflammatory lesions, tumors, traumatic Twenty-six adult dry Anatolian skulls each with a
lesions, developmental disorders and deformity can resulell preserved extracranial clivus region and surrounding
in partial or complete disruption of this important area (dtructures provided from the Department of Anatomy,
et al, 2012). For example, clival chordomas account fdfaculty of Medicine, Cukurova University were examined:
0.15-1 % of all intracranial tumors (Erdezhal, 2003; the age and sex of the specimens were unknown. All
Jianet al, 2011), there location varying depending omeasurements were taken using digital calipers accurate to
whether they are at the upper clival (basisphenoid) or low@i01 mm.
clival (basiocciput) region (Stipplat al, 2009). Upper
clival lesions tends to affect the pituitary gland, The distances between the pharyngeal tubercle (PT)
hypothalamus, and upper cranial nerves, while the lowand the following bony landmarks were measured (Fig. 1A,
clival lesions primarily affect the lower cranial nerves. IB): foramen ovale (FO); foramen lacerum (FL); anterior tip
the size of the mass increases it can compress the brainstéthe occipital condyle (OC); medial external margin of the
and cause various neurological symptoms (Beet@i, carotid canal (CC); medial margin of the jugular fossa(JF);
1988; Seret al, 1989; Kondziolkat al, 1991; Stippleet medial external margin of the hypoglossal canal (HC); and
al.). A number of surgical approaches, both invasive arahterior margin of the foramen magnum (FM). The distances
minimally invasive, are curently used in tumor resectiobetween left and right structures above were also measured
(Choiet al, 2010). (Fig. 1C): foramen ovale (LFO-RFO); foramen lacerum

(LFL-RFL); anterior tip of occipital condyle (LOC-ROC);

The CJC provides a safe route to past the spinal camkdial external margin of the carotid canal (LCC-RCC);
and many important and vital neurovascular structures (Gholireedial margin of jugular fossa (LJF-RJF); medial external
etal, 2007; Yinet al, 2013). Yet, in spite of its well-preservedmargin of the hypoglossal canal (LHC-RHC).
morphology its stability is vulnerable due to multiple
pathologies, such as tumors, injury, inflammation and In addition, the following distances which are
deformity (Shinet al, 2006; Jiet al, 2012, 2015, 2016a,b), important in surgical approaches were also measured (Fig.
which can lead to pressure on the spinal cord and neurovascdB): from the anterior margin of the foramen magnum to
structures (Shiet al; Jiet al, 2016). CJC fixation methods the tip of occipital condyle (FM-OC); from anterior margin
can be divided into anterior, posterior and combinedf the foramen magnum to the medial external margin of
approaches. Occipitocervical fixation is commonly being usa@tie hypoglossal canal (FM-HC); from anterior margin of
as a posterior approach (Skeinal; Ozeret al, 2011), while the foramen magnum to the pharyngeal tubercle (FM-PT);
more recently the clivus plate fixation method as an anteritlom the anterior tip of the occipital condyle to medial
approach has been reportedatlal, 2016). external margin of the hypoglossal canal (OC-HC).

The intracranial part of the clivus is surrounded by
the dura and is also close to the basal artery, pons, med®RESULTS
oblangata and V-XII cranial nerves (Cavadlioal, 2007; Ji
et al, 2016). Extracranically the pharyngeal tubercle could
be a safe landmark for the disscetion of soft tissues to The means, standard deviations and ranges of
exposure the clivus (&t al, 2012). It is for this reason that distances from the pharyngeal tubercle to each related
the pharyngeal tubercle is considered as a potential landmattuctures, together with the distances from anterior margin
in this study. To advance surgical techniques and facilitaté foramen magnum to the tip of the occipital condyle (FM-
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Fig. 1. A: Distance from pharyngeal
tubercle (PT) to the: foramen
lacerum (FL); medial external
margin of the carotid canal (CC);
anterior tip of the occipital condyle
(OC); anterior margin of the fora-
men magnum (FM). B: Distance
from pharyngeal tubercle (PT) to
the: foramen ovale (FO); medial
margin of jugular fossa (JF); medial
external margin of the hypoglossal
canal (HC). C: Bilateral distances
(left tp right). D: Distance from the
anteriror margin of the foramen
magnum to the: pharyngeal tubercle
(FM-PT); tip of the occipital
condyle (FM-OC); medial external
margin of the hypoglossal canal
(HC). Distance from the anterior
tip of the occipital condyle to
medial external margin of the
hypoglossal canal (OC-HC).

Table I. The mean, standard deviation and range of the distances (mm) between the
pharyngeal tubercle and foramen ovale (PT-FO), foramen lacerum (PT-FL), occipital
condyle (PT-OC), carotid canal (PT-CC), jugular foramen (PT-JF) and hypoglossal ca-
nal (PT-HC); and between the foramen magnum and occipital condyle (FM-OC) and
hypoglossal canal (FM-HC).

0OC), and medial external margin of the
hypoglossal canal (FM-HC), the anterior
tip of occipital condyle to medial external
margin of the hypoglossal canal (OC-
HC) are given in Table I. No significant
differences (P<0.05) were observed
between the left and right side
measurements. The bilateral distances
between related structures and the
distance between the pharyngeal tubercle
and anterior margin of foramen magnum
(PT-FM) are presented in Table 1.

Table Il. The mean, standard deviation and
range of the ach bilateral distances (mm)
between the foramen ovale (LFO-RFO), fora-
men lacerum (LFL-RFL), carotid canal (LCC-

RCC), occipital condyle (LOC-ROC), jugular

foramen (LJF-RJF) and hypoglossal canal
(LHC-RHC); and between the pharyngeal

Parameters Left Right

Range (n) Mean (SD) Range (n) Mean (SD)
PT-FO 2326 -33.01(295) 289+2.19 2371-3442(24)  29.1£2.11
PT -FL 12.51-22.74(25) 17.1+£2.74 1291-23,67(25)  174£2.80
PT-0C 12.96- 19.35 (26) 164+1.59 1294-19.76 26)  163£1.79
PT-CC 22.14-32.08 (24) 26.7+2.00 21.64-3142(24) 275222
PT-JF 2241-30.78 (26) 254+2.04 22.32-3048(260)  25.7+£2.00
PT -HC 17.18 - 27.46 (26) 20.1+1.88 17.12-28.75(26)  19.9+2.30
FM-0C 4.7-10.83 (26) 83+ 1.71 5.77-11,14 (26) 93+£1.38
FM-HC 14.38 - 20.03 (26) 17.8+1.29 14.92-1948(260) 174=1.44
0C-HC 9.67-13.85 (26) 11.7£1.17 845-14.54(26) 114+£143

Parameters Range (n) Mean (SD)

LFO - RFO 40.21 - 50.04 (24) 454 +3.14

LFL - RFL 16.97-2437(25)  20.1+1.78

LCC-RCC 43.94-57.76 (22) 52.1 £4.16

LOC - ROC 10.85 -20.74 (26) 17.6 £2.48

LJF - RJF 40.29-5338 (26) 452 +3.74

LHC - RHC 28.36 - 36.68 (26) 33.3+1.85

PT-FM 6.97 - 18.78 (26) 10.8 +2.15

tubercle and foramen magnum (PT — FM).
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DISCUSSION part of the clivus and CJC. The structural integrity of the
occipital condyle must be understood to prevent any damage
to the hypoglossal nerve: Kizilkanat al (2006) has

The skull base separates the cranium from the naslscribed the morphometry and variations of the hypoglossal
cavity and pharynx and extends between the anterior ac@hal and occipital condyle. Furthermore, knowing the
posterior limits of the cranial fossa. Several cranial nervetistance between OC and FM can facilitate the surgery and
and vascular structures have a significant relationship wigitevent nerve injury. In the present study there was a slight
the skull base, cerebrum, cerebellum and brainstetout non-significant difference between the left and right OC

Resection of many lesions in this area are particularlyFM distances (8.3-9.3 mm). The sphenoid has been used

challenging due to the difficulty in accessing them (Rettel as a reference for evaluating and analyzing asymmetry (Kim

al.). By exposing the posterior skull base via an endoscoptal, 2003). On the other hand, surgeons using the sphenoid
endonasal transclival approach the clivus and surroundiag a reference should remember that the cause of asymmetry

neurovascular structures and bony components are visiifethe sphenoid (Kizilkanat al., 2007).

The anatomical structures can be used as limits during

surgical access. Solaet al have clearly expressed the The parameters measured in the current study are si-

limitations and advances of endoscopic endonasal routes|ar to those in the literature; however they have not been

stating that the ascending part of the carotid arteries constitat@amined in Anatolian dry skulls before.elial (2012),

the lateral border of the clivus during the endoscopiehile defining the shape of the clivus and the points to which

approach, with the lateral border of lower third of the clivuthe plate screws could be fixed, Kizilkaeagal (2006) and

being limited by the foramen lacerum; however usefuzeret al (2011) studied the morphometry and variations
measurements were not provided in their study. It is cleaf the occipital condyle.

that a knowledge of the relationships of surrounding clival

structures is important in neurosurgery: the current study Ji et al (2012) reported an irregular trapezoid like

addresses this by providing such measurements. In tstepe on the clivus by linking the bilateral medial external

current study the mean distance between the medial extenmargin of the hypoglossal canal, foramen lacerum and the
margins of the left an right carotid canals is 52.1 mm, whilgpex of the extracranial clivus, which is a safer area for entry
the mean distance between the left and right foramen lacerpoints. The distances between bilateral hypoglossal canals

is 20.1 mm. and foramen lacerum were observed to be 33.3 mm and 20.1
mm respectively in the current study, similar to the values

The stability of the CJC is affected by several lesionseported by Jet al (2012).

to restore stability plates and screws between the clivus and

cervical vertebrae are undertaken. However, the many  The mean distances between PT and FL in the present

neurovascular structures in the region, as well as the anatostydy (left: 17.1 mm; right: 17.4 mm) were greater than those

of the clivus, makes surgery extremely difficult.efial  reported by Jet al (2012). The internal carotid artery passes

(2012) studied both dry bones and 2D CT scans of patientger the foramen lacerum, which is considered the lateral

CJC to determine the entry point, trajectory and optimalorder in transsphenoidal and transoral approaches to clivus.

length of clivus screws. Their findings provide usefuFurthermore, the maximum distances between the

information for surgical approaches and appropriatgharyngeal tubercle and hypoglossal canal were greater on
instrument selection. &t al (2012) observed the distanceeach side than in the study byedial. (2012). The external
between the foramen magnum and projection of the antntrance of hypoglossal canal joins the boundaries of the
rior point of the C3 superior articulation facing the clivus tsafe irregular trapezoid, with the Xllth cranial nerve passing

be 10.98 mm in 2D CT, which was an approximate value tdirough the canal (Kizilkanat al, 2006).

the distance between PT and FM (12.76 mm) in dry bones.

The observations in the current study are similar to those of ~ The findings of various studies have been compared

Jietal (2012) on 2D CT (PT-FM: 10.8 mm). with those in the current study and demonstrate differences
and similarities in the distances measured. Existing

Recently published studies have shown that enhancesrphometric data can be helpful not only for surgical
endoscopic instruments provide minimally invasiverocedures in the region, but also for practitioners viewing
endoscopic endonasal transsphenoidal approaches throtighskull base and images of the clivus. It also will be helpful
the sellar, suprasellar, parasellar and retroclival areagfSern increasing the safety of chordoma resection. The morbidity
al., 1989; Cavalleet al; Stippleret al; Choiet al). The and mortality rate during the surgical procedures in the region
lower third of the clivus and anterior third of the occipitakhould decrease in light of the data presented in the current
condyles is removed for clearing lesions located on the lonstudy. Neurosurgeons using transoral or transnasal
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