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ExpandEd endoscopic transnasal surgeries for skull 
base lesions have recently become popular. Some 
expert surgeons performed endoscopic transclival 

removal of tumors such as meningiomas, chordomas, and 
pituitary adenomas and reported a risk of abducens nerve 
injuries with such surgeries.4,5,7,10

The microsurgical anatomy of the abducens nerve (cra-
nial nerve VI) has been described many times by well-
known authors such as Dorello, Destrieux, and Laconet-
ta.1,2,8 The relationship of the abducens nerve and Grüber’s 
ligament in the petroclival segment, and the transnasal 
endoscopic microanatomical view of the abducens nerve, 
have also been described in previous reports. However, no 
one has yet described an anatomical landmark of the ab-
ducens nerve in the interdural space—also called Dorello’s 
canal, the petroclival venous confluence, or the sphenope-

troclival venous gulf—in the transnasal transclival view.2 
In this study we show that Grüber’s ligament is the most 
reliable landmark of the abducens nerve in the transnasal 
transclival view using cadaver dissection.

Methods
This study was performed at the Clinical Anatomy 

Laboratory in the School of Medicine, Keio University, 
with 10 adult cadaveric heads (20 sides of 10 heads). The 
heads were embalmed in formalin solution. All 20 speci-
mens were dissected, and for 18 specimens of 9 heads pho-
tographs were taken and measurements were made. Seven 
heads (14 sides) were injected with colored silicone, red 
for arteries and blue for veins. The specimens had been 
dissected with the aid of visualization through operative 
microscopes.
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was 6.4 ± 2.6 mm. The average width of Grüber’s ligament at the midsection was 1.6 ± 0.5 mm.
coNclusioNs Grüber’s ligament is considered a useful landmark, and it is visible in most adults. Thus, surgeons can 
find the abducens nerve safely by visualizing inferolaterally along Grüber’s ligament from the PCP.
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results
abducens Nerve and grüber’s ligament in the interdural 
space

We first removed the intranasal and intrasphenoid sinus 
structures extensively to expose the clivus bone, carotid 
prominence, and anterior sellar wall (Fig. 1A). Two heads 
exhibited the presellar type of sphenoidal sinus, 4 heads 
presented as the sellar type, and the other 4 heads exhibit-
ed the postsellar type.13 The clivus bone was thin and easi-
ly drilled in the postsellar type, but was thick in the presel-
lar type. After we drilled the lateral side of the clivus and 
the anterior and medial walls of the carotid prominence, 
we were able to see the periosteal dura, which lines the in-
side of that bone. We then cut and removed the periosteal 
dura carefully in the superolateral direction to the rear of 
the internal carotid artery (ICA) to find Grüber’s ligament 
when visualizing it from an angle of 10°–20° (Fig. 1B). We 
drilled the thin posteromedial bone wall that surrounds 
the ICA before cutting the periosteal dura in the lateral di-
rection. Grüber’s ligament, the right abducens nerve, and 

the dorsal meningeal artery were exposed in the lateral 
region in this interdural space, which is called Dorello’s 
canal, the petroclival venous confluence, or the sphenope-
troclival venous gulf (Fig. 1C).2 

Both Grüber’s ligament and the abducens nerve were 
present in this shallow interdural space, almost behind 
the posterior wall bone that surrounds the ICA. Grüber’s 
ligament ran inferolaterally from the attachment of the 
posterior clinoid process (PCP) to the petrous apex. We 
found Grüber’s ligament in this interdural space near the 
PCP. Then the abducens nerve could be safely exposed 
along Grüber’s ligament inferolaterally. We confirmed 
the intersection of the abducens nerve and Grüber’s liga-
ment in this lateral interdural space in all 10 heads. This 
intersection point was confirmed easily in 8 heads be-
cause it was located on the medial side behind the ICA. 
However, the intersection was located almost behind the 
ICA in 2 heads, and thus ICA sacrifice and drilling of the 
posterior wall bone surrounding the ICA were needed to 
confirm the intersection.

There were many fibrous trabeculae that were attached 

Fig. 1. Photographs and corresponding illustrations showing the transnasal dissection of the left side of a head with colored sili-
cone injections.  a: The clivus (CL), carotid prominence (CP), and tuberculum sellae (TS) were exposed after expanded removal of 
the intranasal structures and the anterior wall of the sphenoid sinus.  b: The clivus and the anterior wall of the ICA were drilled out. 
The periosteal dura (pD) was cut and opened superolaterally to find Grüber’s ligament (GL) near the PCP. This interdural space 
was lined with the meningeal dura (mD).  c: The abducens nerve (VI) was exposed along Grüber’s ligament inferolaterally. The 
intersection point of Grüber’s ligament and the abducens nerve was also confirmed. Lt = left. Copyright Ryosuke Tomio. Published 
with permission. Figure is available in color online only.
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to Grüber’s ligament and the abducens nerve. The abdu-
cens nerve and its dural sleeve were adhered to the peri-
osteal dura behind the posterior wall bone surrounding 
the ICA at this intersection point in all of the specimens. 
Contact between the abducens nerve and Grüber’s liga-
ment was confirmed in most cases, and only 1 specimen 
showed a distance between them. The adhesion between 
the abducens nerve and Grüber’s ligament was tight and 
strong in 2 heads and slight or nonexistent in the other 
heads.

After this intersection, the abducens nerve ran in the 
superolateral direction to the dorsal side of the petrous 
part of the right ICA. Using retraction of the right ICA, 
we confirmed that the abducens nerve ran anterior at the 
lateral side of the right ICA in the cavernous sinus (Fig. 2).

We clearly recognized the dural entrance porus where 
the abducens nerve enters the interdural space from the 
subdural space with the dural sleeve. This dural entrance 
porus was located more inferior to the intersection and just 
behind the medial line of the ICA or slightly medial to the 
ICA in most cases. We confirmed the cisternal compart-
ment of the right abducens nerve after cutting the men-

ingeal dura and the arachnoid to expose the pons in the 
brainstem.

We dissected 10 heads, and the same structures were 
confirmed on both sides in all of the heads. To avoid ab-
ducens nerve injury, the dissection should start from the 
superomedial part of the clivus to first recognize Grüber’s 
ligament, and then the inferolateral part can be safely ex-
posed along Grüber’s ligament. Grüber’s ligament was 
thus considered a useful landmark of the abducens nerve 
in this interdural space.

Measurements of the abducens Nerve and grüber’s  
ligament

We performed measurements of 18 specimens in 9 
heads (Fig. 3). The average length of the dural porus to 
the intersection on the abducens nerve was 5.2 ± 1.0 mm 
(range 3.5–7 mm) in total, 5.4 ± 1.0 mm (range 3.5–7 mm) 
on the right side, and 4.9 ± 0.9 mm (range 3.5–6 mm) on 
the left side (Table 1). The length of the PCP to the in-
tersection on Grüber’s ligament was 6.4 ± 2.6 mm (range 
4–12 mm) in total, 6.8 ± 2.3 mm (range 5–12 mm) on the 
right side, and 6.0 ± 2.8 mm (range 4–12 mm) on the left 

FIG. 2. Photographs and illustrations showing the right side of a cadaver head without colored silicone injections.  a: The inter
section point of Grüber’s ligament (GL) and the abducens nerve (VI) were clearly visualized when the ICA was retracted later-
ally.  b: The ICA was retracted medially to show the cavernous sinus part of the abducens nerve, which runs anteriorly on the right 
lateral side of the ICA. BA = basilar artery; dmA = dorsal meningeal artery; en = dural entrance porus; mD = meningeal dura; Po 
= pons; PV = petrosal vein; Rt = right; VI = abducens nerve. Copyright Ryosuke Tomio. Published with permission. Figure is avail-
able in color online only.
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side. The average width of Grüber’s ligament at the mid-
section was 1.6 ± 0.5 mm (range 1–2 mm) in total, 1.5 ± 
0.5 mm (range 1–2 mm) on the right side, and 1.6 ± 0.5 
mm (range 1–2 mm) on the left side.

Both the average lengths of the dural porus to the inter-
section on the abducens nerve and the PCP to the intersec-
tion on Grüber’s ligament were longer on the right side. In 
addition, we estimated the differences in these lengths on 
both sides in each head. Both of the maximum bilateral 
differences in the lengths of the dural porus to the inter-
section and of the PCP to the intersection were 3 mm. The 
locations of the intersection points were apparently asym-
metrical in these 2 of the 9 heads.

Discussion
We considered Grüber’s ligament a useful landmark for 

the abducens nerve in the transnasal approach. Grüber’s 
ligament is a well-known ligament that bridges the PCP 
and the upper clivus to the petrous apex. This ligament ap-
pears to be the largest fibrous trabeculation in the interdu-
ral space; it is also called the superior sphenopetrosal liga-
ment. This ligament is butterfly shaped 78% of the time 
and is sometimes calcified.1,2,3,11 Icke et al. have reported 
that 22% of the time this ligament is triangular shaped, 
with the widest end attached to either the PCP or petrous 
apex.3

Grüber’s ligament exists as a complete structure in 
52% of adults and exhibits hypoplasia and fragmentation 
in 38%.3 We confirmed Grüber’s ligament in all 10 heads, 
and apparent fragmentation was confirmed in only 1 head. 
In the study of Icke et al., the length of Grüber’s ligament 
was approximately 12–13 mm, and its width was 4–6 mm 
at the PCP and petrous apex, which was compatible with 
our measurements.3 Some previous reports have shown 
that the abducens nerve usually runs to the inferior side 
of Grüber’s ligament, but sometimes it runs superiorly.1,12 
The abducens nerve ran to the inferior side of Grüber’s 
ligament in all 10 of the cadaver heads we examined. Pre-
vious reports have also shown that the abducens nerve ad-
heres tightly to Grüber’s ligament with its dural sleeve, 
which consists of the meningeal dura and arachnoid in this 
interdural space,6,9 and its mobility is limited by Grüber’s 
ligament. This intersection and the pressure of Grüber’s 
ligament are often considered the reason for traumatic ab-
ducens nerve palsy.6 Contact between the abducens nerve 
and Grüber’s ligament was also confirmed in all of our 
cases, but the adhesion was not tight in most cases. The 
adhesion between the abducens nerve and the periosteal 
dura was tighter.

Our cadaver dissection showed that the intersection 
point of the abducens nerve and Grüber’s ligament was 
noted after the removal of the clivus bone and periosteal 
dura in the transnasal approach. This intersection point is 
in the interdural space that is called Dorello’s canal, the 
petroclival venous confluence, or the sphenopetroclival 
venous gulf. In addition, this intersection is located later-
ally and almost behind the petrous part of the bone sur-
rounding the ICA. The periosteal dura is in front of this 
intersection, and the meningeal dura is behind it in the 
transnasal approach. Grüber’s ligament always runs su-
peromedially to inferolaterally, and the abducens nerve 
runs inferomedially to superolaterally from the dural 
entrance porus in the transnasal view. We suggest that a 

FIG. 3. Photograph displaying dissection of the left side of a cadaver 
head with colored silicone injections. After Grüber’s ligament (GL) and 
the abducens nerve (VI) were dissected in the interdural space behind 
the medial line of the ICA, the meningeal dura (mD) and arachnoid 
were opened to confirm the pons (Po) and cisternal compartment of the 
abducens nerve. The measurements of the length of the dural porus 
to the intersection on the abducens nerve were performed with a ruler 
(in millimeters). pD = periosteal dura; TS = tuberculum sellae. Figure is 
available in color online only.

table 1. results of measurements of the abducens nerve and grüber’s ligament

Measurement (mm) Rt Side Lt Side Total

Length of dural porus to intersection on the abducens nerve
  Mean ± SD 5.4 ± 1.0 4.9 ± 0.9 5.2 ± 1.0
  Range 3.5–7 3.5–6 3.5–7
Length of PCP to intersection on Grüber’s ligament
  Mean ± SD 6.8 ± 2.3 6.0 ± 2.8 6.4 ± 2.6
  Range 5–12 4–12 4–12
Width of Grüber’s ligament at midsection
  Mean ± SD 1.5 ± 0.5 1.6 ± 0.5 1.6 ± 0.5
  Range 1–2 1–2 1–2
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safe way to approach the abducens nerve in the transnasal 
approach is to first find Grüber’s ligament in the supero-
medial part near the PCP in the interdural space, then to 
remove the clivus bone and periosteal dura inferolaterally 
along Grüber’s ligament, and finally to reach the intersec-
tion point of Grüber’s ligament and the abducens nerve.

Although this interdural space is a venous sinus in nor-
mal anatomy, some tumors in the clival region can invade 
and fill this space. Meningiomas, chordomas, and pituitary 
adenomas are sometimes found in this region. Normal 
structures such as vessels appear to be easily displaced 
by these tumors. However, both Grüber’s ligament and the 
abducens nerve are fixed tightly by many structures, and 
their relationship does not appear to be changed by the tu-
mors. Thus, we suggest that Grüber’s ligament would be a 
useful landmark for the abducens nerve in tumor removal 
surgeries that use the transnasal approach.

The expanded endoscopic transnasal approach is a cur-
rent method to remove clival region tumors. Anatomical 
knowledge of Grüber’s ligament in the transnasal view 
and its relationship with the abducens nerve is helpful for 
avoiding abducens nerve injury in transnasal surgery.

conclusions
Grüber’s ligament is considered a useful landmark and 

is visible in most adults. Thus, surgeons can find the ab-
ducens nerve safely by visualizing inferolaterally along 
Grüber’s ligament from the PCP.
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