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ABSTRACT

AIM: To examine the anatomy of the petrosphenoidal ligament (PSL)  and its relationship with the abducens nerve (AN) in newborn 
cadavers.  
MATERIAL and METHODS: Using 10 formalin-fixed newborn cadavers, 20 PSLs and ANs on both sides were examined. 
The structure of each PSL, its morphometric features, and its relationship with the AN were evaluated. For the morphometric 
measurements, photographs were taken in macro mode and then the ImageJ program was used.
RESULTS: The PSL was usually shaped like a butterfly. The structures of all the ligaments were complete. The PSL was attached to 
the petrous apex posteriorly and to the clivus or posterior clinoid process (PCP) anteriorly. The mean PSL length was 6.58±1.4 mm. 
The mean width of the ligament’s attachment to the petrous apex was 3.12±0.63 mm. The mean width of the ligament’s attachment 
to the PCP or clivus was 3.12±0.5 mm. The AN was located below the PSL in all the samples. It was usually situated in the 1/3 lateral 
part under the PSL (70%). The mean diameter of the AN, as located under the ligament, was 0.8±0.12 mm.
CONCLUSION: The PSL serves as an important anatomical landmark in the petroclival region. In addition, AN is closely adjacent 
to many anatomical structures such as the trigeminal nerve and internal carotid artery. The increased knowledge obtained through 
this study on newborn cadavers concerning the anatomy of the PSL and its relationship with the AN will help increase the success 
of surgical procedures and reduce surgical complications.
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be duplicated, Y-shaped or arranged in a butterfly or triangle 
pattern in a single band (Figure 1-3) (8,10,15,22). In 78% of 
the specimens examined by Icke et al., the narrow ends of the 
PSL were shaped like a butterfly (8).

The superolateral boundary of Dorello’s canal is formed by 
the PSL (12,26). In 1859, Gruber described Dorello’s canal 
as a pathway located between the endosteal and meningeal 
dural leaves of the petroclival region and that extends from the 
petroclival entry point of the dura to the posterior end of the 
cavernous sinus. (1,21). Moreover, Dorello’s canal contains 

█   INTRODUCTION

The petrosphenoidal ligament (PSL), located in the 
petroclival region, was initally described in 1859 by the 
Russian physician and anatomist Wenzel Gruber. PSL 

is also termed as petroclival ligament, Gruber’s ligament, 
or posterior petroclinoid ligament (5,22,27). The PSL is a 
fibrous bundle that is situated the meningeal and periosteal 
layers of the dura mater (15). It usually extends anteriorly 
from the lateral border of the upper section of the clivus or 
the posterior clinoid process (PCP) to the petrous apex. It can 
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the abducens nerve (AN), the dorsal meningeal branch of the 
meningohypophyseal trunk and the inferior petrosal sinus. 
(Figure 1; 2A, B; 3) (14,16,17). The AN divides into three parts 
when it travels from the brainstem to the orbit. The subarachnoid 
space houses the initial part of the AN, which runs from the 
medullopontine sulcus to the dura mater and extends laterally 

to the clivus. The second part of the AN is that which becomes 
intracavernous after puncturing of the dura mater and then 
runs along the lateral aspect of the internal carotid artery. Via 
Dorello’s canal, which is underneath the PSL, the AN travels 
to the second part. The third part of the AN lies within the 
orbit. Through the superior orbital fissure, it enters the orbit 
and travels to the lateral rectus muscle (18,19,29). The basilar 
artery’s transverse branch, the petrous apex’s pointed upper 
edge, and the ossified PSL may compress the AN, which is 
extremely sensitive to such trauma. In addition, many clinical 
illnesses, such as intracranial hypertension, malignancies of 
the skull base, and vascular and inflammatory ailments, can 
impact the AN either directly or indirectly (6,13,18,26). 

The present study sought to assess the morphological and 
morphometric features of the PSL in newborn cadavers and 
to determine the relationship between the PSL and the AN. 
According to a review of the literature, this study is the first to 
examine the microanatomy of the PSL and its relationship with 
the AN in newborn cadavers. The increased knowledge of the 
microanatomy of the PSL and its relationship with surrounding 
structures, especially in newborn cadavers, generated in 
this study will help increase the success of surgery in the 
petroclival region and reduce surgical complications.

█   MATERIAL and METHODS
This study was carried out with the approval of the Ondokuz 
Mayıs University Clinical Research Ethics Committee (Decision 
no. 2022/390).

In this study, 10 newborn cadavers fixed with 10% formalin 
were used. A total of 20 PSLs and ANs from the 10 cadavers, 
on both the left and right sides, were examined. Clinical 
research ethics committee permission was obtained to 
conduct the study. To examine the PSL and AN structures, the 
following protocols were applied to each newborn cadaver. 

Figure 1: Morphometric measurements of PSL and AN. A) Width 
of the PSL at the clivus or PCP, B) Width of the PSL at the petrous 
apex, C) Width of the narrowest section of the PSL, D) Lenght 
of the PSL, (e): Diamater of the AN, AN: Abducens nerve, BA: 
Basilar artery, FN: Fascial nerve, LA: Labyrinthine artery, OC: 
optic chiasm, ON: Oculomotor nerve, VA: Vertebral artery, VN: 
Vestibulocochlear nerve.

Figure 2: A) Butterfly shaped 
PSL, B) Y shaped PSL, The 
anterior attachment of the PSL 
is divided into two parts. One 
part attaches to the PCP and 
the other part to the clivus PSL: 
Petrosphenoidal ligament, AN: 
Abducens nerve, ICA: Internal 
carotid artery, DMA: Dorsal 
meningeal artery.
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To reach the base of the skull, a transverse skin incision 
was first made around the head, starting 1 cm above the 
supraorbital edge and then extending from the upper glabella 
anteriorly to the inion posteriorly. The calvaria was made 
visible by removing the skin. Next, following cranial osteotomy 
using bone scissors, the calvaria was removed and the dura 
mater made visible. After the dura mater was reflected, the 
cerebral hemispheres were carefully removed so that the optic 
chiasm and cranial nerves were preserved at the base of the 
skull. The tentorium cerebelli was then dissected, starting near 
both the transverse sinuses. Subsequently, the cerebellum, 
mesencephalon, pons, and medulla oblongata were removed. 
In the internal cranial base, both the vessels and nerves were 
preserved and the region was roughly dissected. Finally, the 
AN was dissected in and below the dura mater up to the 
superior orbital fissure via microdissection performed using a 
LEICA CLS 100 stereo microscope in the anatomy dissection 
laboratory. Moreover, the PSL was also dissected in this region 
and made visible for the morphological and morphometric 
evaluations.

The structure of the PSL, the locations of its origin and 
insertion, its width of the points of origin and insertion, the 
location and width of its narrowest part, and its total length 
were evaluated. The diameter and location of the AN under 
the PSL, as well as whether it was attached to or separate 
from the ligament, were also examined. For the morphometric 
measurements, photographs were taken in macro mode and 
then the ImageJ program was used. The right–left differences 
in the morphometric features of the AN and PSL were 
examined. Additionally, the mean and standard deviation of 
each morphometric measurement were calculated. Student’s 
t-test was used to perform the statistical analyses. p<0.05 
was considered statistically significant.

█   RESULTS
Morphological Findings

The anterior end of the PSL is attached to the PCP and upper 
portion of the clivus, while its posterior end is attached to the 
petrous apex. The posterior attachment point of the PSL was 
found to be the petrous apex in all the samples. Moreover, the 
anterior attachment point of the PSL was determined to be in 
the clivus in 70% of the samples and in the PCP in 20%. In the 
remaining 10%, the PSL was Y-shaped and attached to both 
the PCP and the clivus. These findings lead us to conclude 
that the PSL is generally triangular or butterfly-shaped. Indeed, 
in 75% of the samples, it was butterfly-shaped. In these 
butterfly-shaped ligaments, the narrowest part of the ligament 
was located in the middle, while the widest part was located at 
the point of attachment to the PCP and petrous apex. In 15% 
of the samples, the PSL was triangular. In these ligaments, the 
narrowest part was located at the point of attachment to the 
clivus or petrous apex. Furthermore, the PSL had a bilateral 
butterfly shape in 70% of the samples, a bilateral Y shape in 
10%, and a bilateral triangular shape in 10%. One side of the 
remaining 10% had a triangular shape, while the other had 
a butterfly shape (Figure 1-3). Our conclusions regarding the 
overall shape of the PSL are summarized in Table I. 

When the location of the AN under the PSL was examined, 
it was observed that the AN was located in the lateral 1/3 in 
75% of the samples, in the middle 1/3 in 15%, and in the 
medial 1/3 in 10%. The AN was asymmetrical in 30% of the 
samples, while it was symmetrical and located in the lateral 
1/3 in 70%. In addition, the AN was attached to the PSL in 
45% of the samples and separate from the PSL in 55%.

Morphometric Measurements

The mean overall length of the PSL was found to be 6.58±1.4 
mm, while the mean lengths of the right and left PSLs were 
6.63 ± 1.58 mm and 6.52 ± 1.29 mm, respectively. The PCP 
attachment band was used to measure the lengths of the 
Y-shaped PSLs.

The mean overall width of the PSL at the anterior point of 
attachment to the PCP or clivus was 3.12 ± 0.5 mm. The 
mean widths of the right and left PSLs at the anterior point 
of attachment to the PCP or clivus were 3.2 ± 0.36 mm and 
2.98 ± 0.62 mm, respectively. The mean overall width of the 
PSL at the posterior point of attachment to the petrous apex 
was 3.12 ± 0.63 mm. The mean widths of the right and left 
PSLs at the posterior point of attachment to the petrous apex 
were 3.03 ± 0.68 mm and 3.21 ± 0.6 mm, respectively. The 
mean overall length of the narrowest part of the PSL was 2.03 
± 0.55 mm. The mean lengths of the narrowest part of the 
right and left PSLs were 1.95 ± 0.63 mm and 2.1 ± 0.48 mm, 
respectively (Table I).

The mean diameter of the AN below the PSL was 0.8 ± 0.12 
mm. The mean diameters of the right and left ANs under the 
PSL were 0.81 ± 0.13 mm and 0.8 ± 0.12 mm, respectively. 
There was no statistically significant difference observed 
between the morphometric features of the right and left PSLs 
(p>0.05).

Figure 3: The left PSL represents the butterfly-shaped form and 
the right PSL represents the triangular-shaped form. II: Optic 
nerve, III: Oculomotor nerve, V: Trigeminal nerve, VI: Abducens 
nerve, DMA: Dorsal meningeal artery, ICA: Internal carotid 
artery, IPS: Inferior petrosal sinus, MHT: Meningohypophyseal 
trunk, PA: Petrous apex, PCP: Posterior clinoid process, PSL: 
Petrosphenoidal ligament, TG: Trigeminal ganglion.
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form of the PSL was butterfly-shaped (75%), although we 
also encountered a triangular PSL (15%) and a Y-shaped PSL 
(10%).

As for the morphometric characteristics of the PSL, in a study 
on 10 adult cadavers, Joo et al. reported that the mean length 
of the PSL was 11.05 mm, the mean width of the PSL at the 
petrous apex was 3.0 mm, and the mean width of the PSL 
at the point of attachment to the PCP was 3.85 mm. They 
also found that the width of the narrowest part of the PSL 
was 2.05 mm (11). Iwanaga et al. studied 18 adult cadavers 
and determined the mean length of the PSL to be 9.50 ± 3.10 
mm and the mean width of the narrowest part of the PSL to 
be 1.49 ± 0.61 mm (10). After examining 20 adult cadavers, 
Icke et al. reported the mean length of the PSL to be 13.4 ± 
3.3 mm and the mean width of the PSL to be 4.2 ± 1.6 mm at 
the petrous apex and 6.1 ± 3.2 mm at the PCP. They further 
reported the mean width of the narrowest part of the PSL to 
be 2.0 ± 0.9 mm in the butterfly-shaped PSLs and 2.8 ± 2.3 
mm in the triangular-shaped PSLs (8). In a study on eight adult 
cadavers, Özveren et al. found that the mean length of the 
PSL was 10.3 mm, while the mean width of the PSL was 3.8 
mm at the petrous apex and 6.4 mm at the PCP, and they 
also found that the mean width of the narrowest part of the 
PSL was 2.7 mm (20). In their study on 50 adult cadavers, 
Iaconetta et al. observed the mean PSL length to be 13.31 ± 
2.34 mm and the mean PSL width to be 5.48 ± 2.2 mm in the 
petrous apex and 4.27 ± 2.5 mm in the PCP. Moreover, the 
mean width at the narrowest part of the PSL was found to be 
2.05 ± 1.8 mm (7). In their analysis of 17 adult cadavers and 
12 pediatric cadavers, Kayacı et al. determined that the mean 
PSL length in the pediatric group was 7.0 ± 1.47 mm, while 
in the adult group it was 11.05 ± 2.95 mm (13). In the present 
study, the mean length of the PSL was 6.58 ± 1.4 mm and the 
mean width of the PSL was 3.12 ± 0.63 mm at the petrous 
apex and 3.12 ± 0.5 mm at the clivus or PCP. Additionally, the 
mean width of the narrowest part of the PSL was 2.03 ± 0.55 

█   DISCUSSION
The petroclival region, which is located at the intersection 
of the sphenoid, temporal, and occipital bones, is a highly 
complicated region of clinical significance. Thus, a thorough 
understanding of its microanatomy is necessary to ensure the 
success of surgery in the petroclival region and cavernous 
sinus. In the petroclival region, the PSL is recognized as a 
crucial structure, not only from an anatomical perspective but 
also in terms of surgical and endovascular practice. Dorello’s 
canal and the PSL represent important surgical landmarks 
that help prevent injury to the AN during the removal of the 
meningiomas, chordomas, and pituitary adenomas from 
the petroclival region using transnasal surgical approaches 
(11,20,23). This study sought to determine the microanatomy 
of the PSL and its relationship with the AN in newborn 
cadavers. The morphometric findings revealed the PSLs in 
newborn cadavers to differ from those in adults, with the most 
common form of PSL in newborn cadavers being butterfly-
shaped and the AN usually being located 1/3 laterally under 
the PSL.

Previous studies have examine the microanatomy of the 
PSLs in adult cadavers (6-8,10,11,15,22), while Kayaci et al. 
assessed the microanatomy of the PSLs in both adult and 
pediatric groups in their cadaver study (13). However, a review 
of the literature revealed the present study to be the first to 
investigate the morphometry and microanatomy of the PSLs 
in newborn cadavers.

Studies in the literature have shown that the morphological 
features of the PSL may differ. In these studies, Iaconetta et 
al., Özveren et al., and Liu et al. reported that this ligament 
is only butterfly-shaped (7,15,20). Icke et al., Destrieux et 
al., Kayacı et al., Iwanaga et al., Gutierrez et al., and Plutecki 
et al. found that the most common form of the PSL is 
butterfly-shaped, but it can also be triangular, Y-shaped, and 
duplicated (4,6,8,10,13,22). In our study, the most common 

Table I: Length of PSL, Width of the PSL at the Clivus-PCP and Petrous Apex, Widht of the Narrowest Section of the PSL, Diamater of 
the AN Below the PSL

Right Left Total

Length of the PSL (mm)

Mean ± SD (Range of length) 6.63 ± 1.58 (3.61-8.54) 6.52 ± 1.29 (3.73-7.68) 6.58 ± 1.4 (3.61-8.54)

PSL’s width at the clivus or PCP (mm)

Mean ± SD (Range of width) 3.2 ± 0.36 (2.72-3.89) 2.98 ± 0.62 (2.3-4.02) 3.12 ± 0.5 (2.3-4.02)

PSL’s width at the petrous apex (mm)

Mean ± SD (Range of width) 3.03 ± 0.68 (1.37-3.79) 3.21 ± 0.6 (2.53-4.18) 3.12 ± 0.63 (1.37-4.18)

Width of the narrowest section of the PSL (mm)

Mean ± SD (Range of width) 1.95 ± 0.63 (1.3-3.02) 2.1 ± 0.48 (1.56-2.89) 2.03 ± 0.55 (1.3-3.02)

Diamater of the AN (mm)

Mean ± SD (Range of diamater) 0.81 ± 0.13 (0.65-1.05) 0.8 ± 0.12 (0.59-0.99) 0.8 ± 0.12 (0.59-1.05)

PSL: Petrosphenidal ligament, PCP: Posterior clinoid process, AN: Abducens nerve, SD: Standard deviation mm: Milimete.
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PSL to be 1.5 mm, while Iwanaga et al. reported it to be 1.56 ± 
0.35 mm (10,19). Ozer et al. found that the mean AN diameter 
was 1.3 ± 0.2 mm under the PSL (18). We determined the 
mean diameter of the AN under the PSL to be 0.8 ± 0.12 
mm. Ozveren et al. reported that an accessory AN can be 
seen under the PSL and that it is not a very rare variation. 
If the variations of the AN are well known, the possibility of 
nerve injury during skull base surgeries and transvenous 
endovascular interventions will be reduced (19). Previous 
studies have also revealed that the accessory AN can pass 
over the PSL (7,11,19,29), which shows that the notion of 
the AN always passing through Dorello’s canal is untrue. For 
this reason, Destrieux et al. named the region through which 
the AN passes “petroclival venous confluence” instead of 
the Dorello canal (4). Cases in which the AN branch passes 
over the PSL are more prone to injury during the transpetrosal 
surgical approach (19).

Duplication of the AN can also be observed in the petroclival 
region (7,11,18,19). This duplication may involve a subarach-
noid nerve segment, and two different entry points of the nerve 
can sometimes be discerned. In addition, this duplication may 
be distal to the dura entry point of the nerve, meaning that a 
single nerve trunk enters the clival dura and then duplicates. 
Therefore, the possibility of an accessory abducens trunk 
should always be considered during surgical exploration of 
the petroclival region (28). The most non-mobile segment of 
the AN is located under the PSL and in Dorello’s canal before 
it enters the cavernous sinus. Moreover, AN injuries are most 
common in this region, which can be explained by the fixation 
of the dural sheath of the nerve to the periosteal layer of the 
dura mater (2,28). For the surgical mobilization of the AN, an-
atomical fixation points should be considered.

The PSL can ossify, causing changes to the structure of the 
skull base.  A bony bridge is formed by the PSL, which is 
ossified to varying degrees, from entirely to only partially. 
Ossification of the PSL usually occurs unilaterally (21,25,27). 
Touska et al. reported that PSL ossification increased with age 
and PSL ossification was not observed under 20 years of age 
(24). However, Clarke et al. identified an ossified PSL in a fetal 
skull and so determined that PSL ossification can occur at 
any age (3). In our study on newborn cadavers, no complete 
or partial ossification was found in any PSL. Ossification of 
the PSL may cause it to press on the AN, leading to the nerve 
being damaged. According to Tubbs et al., when treating 
patients who have unexplained occurrences of AN palsy, 
doctors should take the possibility of PSL ossification into 
consideration (25). Still, ossification of the PSL is not always 
harmful for the AN. In fact, Inal et al. demonstrated in a 
radiological study that an ossified PSL would play a protective 
role in relation to the AN and reduce the pressure on it in 
patients with increased head pressure syndrome (9).

█   CONCLUSION
The PSL serves as an important anatomical landmark in 
the petroclival region. It is also located closely adjacent to 
many anatomical structures, such as the AN, trigeminal 
nerve, and internal carotid artery. We believe that increasing 

mm. It is important to note here that the anatomical features 
of the PSL change with the development of the clivus. Indeed, 
Kayacı et al. reported that the microanatomy of the PSL shows 
a significant difference when comparing children and adults 
(p<0.001) (13). The identified differences between our results 
and those of other studies are due to the fact that they were 
studied in different age groups. 

In terms of case reports concerning the PSL, Karapinar et 
al. showed that the right and left PSLs can join at the clivus. 
They also emphasized that the possible variations should be 
determined prior to surgery being performed in the petroclival 
region (12). Furthermore, Zytkowski et al. found that some 
fibers of the anterior attachment of the PSL attach to the 
internal carotid artery. They suggested that this situation 
causes an atypical fixation for both the PSL and the internal 
carotid artery, meaning it is important to know such a variation 
in surgeries that require mobilization of the internal carotid 
artery (30). 

Relationship between the PSL and the AN

The path of the AN in the petroclival area is specifically 
defined by the PSL. Dorello’s canal is the area bordered by 
the PSL, the petrous apex, and the superolateral portion of 
the clivus to which the PSL is attached. According to prior 
reports, the clival arteries, inferior petrosal sinus, and AN 
all run via Dorello’s canal (7,22). Our review of the literature 
did not identify any study that has examined the relationship 
between the PSL and the AN in newborn cadavers, although 
some studies have investigated this relationship in pediatric 
and adult cadavers (8,10,11,13,18,26). 

The location of the AN beneath the PSL varies. The AN usually 
passes under the PSL and enters the cavernous sinus, although 
it can also enter the cavernous sinus by passing through or 
over the PSL (19). According to the findings of Umansky et 
al., the AN was located in the middle third (52%), lateral third 
(39%), or medial third (9%) of Dorello’s canal (26). In the study 
by Özer et al., in 82.5% of cases, the AN was located in the 
lateral part of the 1/3 below the PSL, while in 12.5% of cases, 
it  was located in the middle 1/3 below the PSL (18). Iwanaga 
et al. found that the AN crossed under the lateral 1/3 of the 
PSL in 19 cases (61.3%) and under the middle 1/3 in 12 cases 
(38.7%) (10). Joo et al. reported that in 95% of the 20 cadavers 
they examined, the AN crossed under the lateral 1/3 of the 
PSL (11). In these studies, the AN was mostly located in the 
lateral 1/3 part of the PSL. By contrast, Kayacı et al. showed 
that the AN mostly (67%) passed through the 1/3 medial part 
of the PSL in their pediatric cadaver group. They stated that 
this finding was related to the growth pattern of the clivus and 
to the AN being localized in the medial part of the PSL during 
the first 1.5 years of life, but as the age progressed, the clivus 
enlarges and the AN moves laterally (13). In the present study, 
despite examining newborn cadavers, we found that the AN 
was located in the lateral 1/3 of the PSL in 75% of cases. While 
this finding is similar to the findings of studies conducted on 
adult cadavers, it does not accord with the findings of Kayacı 
et al.’s study on pediatric cadavers (13).

With regard to the morphometric characteristics of the AN, 
Ozveren et al. reported the mean diameter of the AN under the 
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understanding of the microanatomy of the PSL and its 
relationship with neighboring anatomical structures such as 
the AN will significantly contribute to the success of surgical 
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