
  

ONLINE FIRST

This is a provisional PDF only. Copyedited and fully formatted version will be made available soon.

ISSN: 0015-5659

e-ISSN: 1644-3284

The petroclinoid ligament: a meta-analysis of its morphometry
and prevalence of mineralization with a review of the

literature

Authors:  D. Plutecki, P. Ostrowski, M. Bonczar, J. Iwanaga, J. Walocha, A. Pękala,
E. Szczepanek, R. S. Tubbs, M. Loukas, G. Wysiadecki, M. Koziej

DOI: 10.5603/FM.a2022.0082

Article type: Review article

Submitted: 2022-08-03

Accepted: 2022-09-09

Published online: 2022-09-27

This article has been peer reviewed and published immediately upon acceptance.
It is an open access article, which means that it can be downloaded, printed, and distributed freely,

provided the work is properly cited.
Articles in "Folia Morphologica" are listed in PubMed. 

Powered by TCPDF (www.tcpdf.org)

http://www.tcpdf.org


The petroclinoid ligament: a meta-analysis of its morphometry and prevalence of 

mineralization with a review of the literature

D. Plutecki et al., The petroclinoid ligament: a meta-analysis

D. Plutecki1, P. Ostrowski2, M. Bonczar2, J. Iwanaga3, J. Walocha2, A. Pękala2, E. 

Szczepanek2, R.S. Tubbs3, M. Loukas4, G. Wysiadecki5, M. Koziej2

1Collegium Medicum, Jan Kochanowski University, Kielce, Poland

2Department of Anatomy, Jagiellonian University Medical College, Krakow, Poland

3Department of Neurosurgery, Tulane University School of Medicine, New Orleans, 

Louisiana, United States

4Department of Anatomical Sciences, St. George's University, True Blue, Grenada

5Department of Normal and Clinical Anatomy, Medical University of Lodz, Poland

Address for correspondence: Dr. M. Koziej, Department of Anatomy, Jagiellonian University 

Medical College, ul. Mikołaja Kopernika 12, 33-332 Kraków, Poland, tel: +48 888 202 628, 

e-mail: mateusz.koziej@gmail.com

Abstract

Background: The petroclinoid ligament (PCL) is an important structure in the petroclival 

region. The anatomy of the PCL and its relationship with the surrounding structure is highly 

variable. The aim of this study was to estimate the morphometry, prevalence of 

mineralization, and anatomy of the PCL. To achieve this, the authors carried out a meta-

analysis, including all studies that report extractable data on the PCL.

Materials and methods: Major online medical databases such as PubMed, Scopus, 

ScienceDirect, Web of Science, SciELO, BIOSIS, Current Content Connect, Korean Journal 

Database, and Russian Citation Index were searched to gather all studies regarding the 



anatomical characteristics, morphometry, and relationship with the anatomical surroundings 

of the PCL.

Results: A total of 25 studies were included in this meta-analysis. Data were grouped 

analyzed in 8 categories: (1) mineralization of the PCL, (2) relationship of the abducens 

nerve with the PCL, (3) relationship of the dorsal meningeal artery with the PCL, (4) shape, 

number, and continuity of the PCL, (5) PCL anterior attachment, (6) PCL anterior attachment 

point on bone, (7) PCL posterior attachment point on bone, (8) morphometric features of the 

PCL.

Conclusions: In conclusion, the authors of the present study believe that this is the most 

accurate and up-to-date meta-analysis regarding the morphology and mineralization of the 

PCL. The data provided by the present study may be a useful tool for surgeons performing 

neurosurgical procedures, such as endoscopic transnasal surgeries. Detailed anatomical 

knowledge of the petroclival region can surely prevent surgical complications when operating

in this area. 

Key words: petroclinoid ligament, Gruber ligament, petroclival region, mineralization, 

neurosurgery

INTRODUCTION

The petroclinoid ligament (PCL), also called the petrosphenoidal ligament (PSL), or 

Gruber’s ligament (GL), is a fibrous structure in the petroclival region. It was first described 

in 1859 by Wenzel Leopold Gruber, a Russian physician and anatomist [7].  The PCL is 

usually described as a butterfly- or triangular-shaped structure that extends from the petrous 

tubercle of the petrous apex posteriorly and attaches to the posterior clinoid process anteriorly

[11].  The PCL forms the superior portion of the Dorello canal (DC), which contains the 

abducens nerve (AN), the inferior petrosal sinus, and the dorsal meningeal artery (DMA) 

[29]. PCL and its close anatomical area are presented on Figures 1 and 2.

Ossification of the PCL have been described in the literature. The cause of ossification

is usually said to be age-related. However, it has also been presented as a radiographic 

characteristic of basal cell carcinoma syndrome and systemic fluorosis [2]. Mineralization of 

ligaments can cause complications in surgical access, alter the appearance of important 

anatomical landmarks, or prevent mobilization of important structures during surgery [28]. 



Understanding the variability in the morphology and ossification of the PCL can be of

great clinical significance when performing neurosurgical procedures in the petroclival 

region, such as endoscopic transnasal surgeries. The PCL has also been described as a useful 

landmark to locate the AN in tumor removal surgeries using the transnasal approach [27]. 

Therefore, the objective of the present study was to provide useful data on the morphometry, 

prevalence of calcifications, and anatomy of the PCL. To achieve this, a systematic search of 

the literature and a meta-analysis were performed. To the best knowledge of the authors, this 

is the first meta-analysis regarding the morphology and ossification of the PCL. 

MATERIALS AND METHODS

Search strategy

Major online medical databases such as PubMed, Scopus, ScienceDirect, Web of 

Science, SciELO, BIOSIS, Current Content Connect, Korean Journal Database, and Russian 

Citation Index were searched to gather all studies on anatomical characteristics, 

morphometry, and relationships with surrounding structures of the PCL. The study collection 

ended in April 2022. In agreement with the Boolean technique, the following search terms 

were employed: (petroclinoid ligament) OR (petroclinoid fold) OR (petrosphenoidal 

ligament) OR (Gruber’s ligament) OR (paraclinoid region). The search terms were 

individually adapted to each database to minimize potential bias. Neither date, language, 

article type, nor text availability conditions were applied. An additional search was conducted

through the references of the identified studies at the end of the search stage to ensure the 

accuracy of the process. During the study, the Preferred Reporting Items for Systematic 

Reviews and Meta-Analyses (PRISMA) guidelines were followed. Furthermore, the Critical 

Appraisal Tool for Anatomical Meta-analysis (CATAM) was used to provide the highest 

quality findings [3].

Eligibility assessment

The database search and the manual search identified a total of 518 studies that were 

initially evaluated by two independent reviewers. After removing duplicates and irrelevant 

records, a total of 145 articles were qualified for a full-text evaluation. To minimize potential 



bias and maintain accurate statistical methodology, articles such as case reports, case series, 

conference reports, reviews, letters to editors, and studies that provided incomplete or 

irrelevant data were excluded. The inclusion criteria consisted of original studies with 

extractable numerical data regarding the topic of this study. Finally, a total of 25 studies were 

included in this meta-analysis. Additionally, the AQUA Tool which was specifically designed 

for anatomical meta-analyses was used to minimize the potential bias of included studies [8].

Data extraction

Data from qualified studies were extracted by two independent reviewers. Qualitative 

data, such as year of publication, country and continent of origin, data collection 

methodology and information on diseases in the studied groups, were collected. Quantitative 

data, such as sample size, numerical data on anatomical characteristics, morphometry, and 

relationship with the anatomical surroundings of the PCL were also gathered. Any 

discrepancies between studies, identified by the two reviewers, were resolved by contacting 

the authors of the original studies whenever possible or by consensus with a third reviewer.

Statistical analysis

To perform the meta-analyses, STATISTICA version 13.1 software (StatSoft Inc., 

Tulsa, OK, USA), MetaXL version 5.3 software (EpiGear International Pty Ltd, Wilston, 

Queensland, Australia), and Comprehensive Meta-analysis version 3.0 software (Biostat Inc., 

Englewood, NJ, USA) were used. A random-effects model was used in all analyses. The 

heterogeneity among the studies was evaluated, using both the Chi-squared test and the I-

squared statistic [9]. The I-squared statistic was interpreted as follows: 0-40% as “might not 

be important”; 30%-60% as “may represent moderate heterogeneity; 50%-90% as “may 

represent substantial heterogeneity”; 75%-100% as “may represent considerable 

heterogeneity”. P-value of <0.05 and the confidence intervals (95% CI) were used to find 

statistically significant differences between the studied groups. In the case of overlapping 

confidence intervals, differences were considered statistically insignificant.



RESULTS

Search results

After the selection of the initially accepted 77 studies, a total of 52 studies were 

excluded. Most of them (n=30) were disqualified due to the lack of relevant data. Twenty 

case reports from case series were excluded. Furthermore, 2 studies were excluded because 

they were a review article and an animal study. Eventually, a total of 25 studies were included

in this meta-analysis [1, 2, 4–6, 10–16, 19–28, 32–34]. According to the PRISMA guidelines, 

an overall data collection process is presented in Figure 3. Additionally, the characteristics of 

all the submitted studies are collected in Table 1.

Mineralization of the PCL

A total of 5592 ligaments were analyzed in relation to their mineralization process. 

Seven categories of data were established from the submitted studies: (1) subgroup in which 

the PCL mineralization process was not observed; (2) subgroup in which the PCL 

mineralization process was not observed; (3) subgroup in which complete mineralization of 

the PCL was observed; (4) subgroup of data collected from the studies in which the authors 

did not specify the degree of mineralization, however, any progress of mineralization was 

observed; (5) subgroup of patients in whom the mineralization process was observed 

bilaterally; (6) subgroup of patients in whom the mineralization process was observed 

unilaterally; (7) subgroup of patients in whom the other mineralization of head ligaments 

were observed. The pooled prevalence of any mineralization process was established to be 

10.06% (95% CI: 5.61% - 15.27%). Despite the general results, additional regional and 

methodological analyzes were also enrolled. All the results mentioned above and the more 

detailed results are gathered in Table 2.

Relationship of the abducens nerve with the PCL

An analysis of the relationship between the PCL and the AN was established 

considering a total of 469 ligaments. The pooled prevalence for AN to run through the PCL 

was enrolled as 4.95% (95% CI: 0.00% - 17.03%). Despite the general results, additional 



regional analyzes were also enrolled. All the results mentioned above and the more detailed 

results are gathered in Table 3.

Relationship of the dorsal meningeal artery with the PCL

The analysis of the relationship between the PCL and the DMA was established 

considering a total of 103 ligaments. A pooled prevalence for DMA to run below PCL was 

enrolled as 94.40% (95% CI: 83.15% - 100.00%). Despite the general results, additional 

regional analysis was also included. All the results mentioned above and the more detailed 

results are gathered in Table 4.

Shape, number, and continuity of the PCL

The analyses of shapes, number, and continuity of the PCL were performed on a total 

of 143 ligaments. Butterfly-shaped PCL was found to be the most common, with a prevalence

of 79.59% (95%CI: 21.32% - 100.00%). A single PCL occurs much more frequently than a 

double one, with a prevalence of 93.09% (95% CI: 75.50% - 100.00%). Despite the general 

results, additional regional analysis was also included. All the results mentioned above and 

the more detailed results are gathered in Table 5.

PCL general anterior attachment 

An analysis of anterior PCL attachment was performed on a total of 330 ligaments. 

The studies included in this meta-analysis were not precise with regard to attachment. 

Therefore, the authors established four subcategories of data: (1) PCL attaches to a bone; (2) 

PCL attaches to the dura mater; (3) PCL attaches to a bone and the dura mater; and (4) PCL 

attached to a bone and a second bone. The most frequent anterior attachment was found to be 

PCL attachment to the bone with a prevalence of 94.43% (95% CI: 85.60% - 100.00%). 

Despite the general results, additional regional analysis was also included. All the results 

mentioned above and the more detailed results are gathered in Table 6.



PCL anterior attachment point on the bone

Analysis of the anterior attachment point of the PCL on the bone was carried out in a 

total of 297 ligaments. The most common anterior attachment point was found to be in the 

posterior clinoid process with a prevalence of 72.95% (95%CI: 28.05% - 100.00%). Despite 

the general results, additional regional analysis was also included. All the results mentioned 

above and the more detailed results are gathered in Table 7.

PCL posterior attachment point on the bone

Analysis of the posterior attachment point of the PCL on the bone was carried out in a

total of 297 ligaments. The most common posterior attachment point was found to be in the 

petrous apex with a prevalence of 86.00% (95%CI: 55.13% - 100.00%). Despite the general 

results, additional regional analysis was also included. All the results mentioned above and 

the more detailed results are gathered in Table 8.

Morphometric features of the PCL

From the submitted studies, a total of eight categories were established regarding the 

morphological characteristics of the PCL: (1) length; (2) left PCL length; (3) right PCL 

length; (4) width; (5) thickness; (6) medial insertion; (7) lateral insertion and (8) midpoint. 

The results for each category are summarized in Table 9.

DISCUSSION

The morphology and variations of the PCL have been discussed extensively in the 

literature. The structure of the PCL has been described as being either butterfly- or triangular-

shaped. Icke et al. reported that 78% of PCLs were butterfly-shaped and 22% triangular [11]. 

Iwanaga et al. presented variations in PCL morphology in a study consisting of 36 sides of 18

fresh-frozen adult cadaveric heads. In the study, the shape of the PCL was described 

differently than that of a butterfly or a triangular shape. The PC L was categorized into three 

groups, which were, single-band type, Y-shaped type, and duplicated type. The single-band 



type was the most frequently observed type (58.1%). However, the results of the present 

meta-analysis show that the butterfly-shaped PCL is the most frequent type (79.59%). 

There has been a lot of controversy with respect to the PCL attachment points, more 

specifically its anterior attachment point. The PCL was previously described as a ligament 

that extends from the posterior clinoid process anteriorly to its posterior attachment at the 

petrous tubercle of the petrous apex [11, 35]. However, a recent cadaveric study conducted by

Iwanaga et al. states otherwise [13]. In the study, the anterior attachment of the PCL was 

divided into two categories; PCL with an anterior attachment to the dura mater, or PCL with 

an anterior attachment to bone. When the PCL had an attachment to bone, the point of 

attachment was the lateral aspect of the upper clivus rather than the posterior clinoid process. 

However, the posterior attachment of the PCL was always at the petrous apex. Therefore, the 

authors of that study stated that the PCL should be described as the petroclival ligament 

because it represents this structure better and more accurately. The results of the present 

meta-analysis show that the most common anterior attachment of the PCL is the posterior 

clinoid process (72.95%), and the most frequently reported posterior attachment is the petrous

apex (86.00%). Therefore, a change in the nomenclature of the PCL seems redundant. 

The PCL forms the superior part of the DC. The DC was first described by Gruber in 

1859, as an osteofibrous canal at the apex of the petrous bone, containing the abducens nerve 

and the inferior petrosal sinus [7]. Since then, numerous studies have been published on the 

morphology and clinical significance of DC. The AN has been described as a constant 

structure in the DC, with some studies reporting the nerve in 100% of the specimens [30, 32].

However, the present study shows that the prevalence of the AN going under the PCL 

(meaning inside the DC) is 93.02%. Tubbs et al. [30] presented an anatomical study on the 

DC and abducens nerve. In the study, a secondary tunnel was found within the DC that 

exclusively contained the abducens nerve. This structure limited the mobility of the AN, 

making it more susceptible to head trauma-induced injury. The DC also contains the DMA, 

which is said to supply the petroclival portion of the AN and the superior clival dura, among 

others [17]. The data of this meta-analysis show that the DMA should be considered as a 

quite constant structure of the DC, with a prevalence of 94.40%.

The literature has been ambiguous regarding the nomenclature of the PCL. As 

mentioned above, some authors have used different terms when dealing with this structure. 

The other terms used for PCL include the Gruber ligament, the petrosphenoidal ligament, and



the petroclival ligament [13]. Furthermore, it is crucial to understand that the PCL and 

posterior petroclinoid fold are two independent structures. The petroclinoid fold is a fold of 

the dura mater that extends between the anterior and posterior clinoid processes and the 

petrosal part of the temporal bone, and should not be referred to as a ligament [34]. Based on 

the results of the present meta-analysis, the PCL should be referred to as the petroclinoid 

ligament, because it represents this structure in the most precise way.

The PCL can undergo ossification causing changes in the anatomy of the base of the 

skull. The degree of ossification of PCL varies from being only partially ossified to being 

completely ossified, forming a bony bridge. Ossification can be unilateral or bilateral. The 

results of this meta-analysis show that the prevalence of ossification of PCL unilaterally is 

slightly higher (0.75%) than bilaterally (0.54%). Interestingly, the prevalence of complete 

PCL ossification was significantly higher in North America (3.46%) than in Europe (0.95%), 

even though the number of specimens in North America was lower by 335 PCLs. Although 

PCL ossification is said to be age-related, some studies have reported that it may also be a 

radiographic feature of basal cell carcinoma syndrome and systemic fluorosis [2]. 

PCL ossification can increase the risk of AN injury. Tubbs et al. reported that 

clinicians should consider ossification of PCL in patients with unexplained cases of AN palsy

[31]. In a radiological study conducted by Inal et al. [12] the calcification at the petroclival 

region was investigated using multiple slice computed tomography of the skull base. In the 

study, the clinical significance of PCL ossification was described. It was stated that if the PCL

was ossified in patients with increased intracranial pressure syndrome, the pressure would not

affect the AN passing under the PCL because the ligament would be hard and protect the 

nerve superiorly. Therefore, AN palsy would develop slower. On the contrary, the oculomotor

nerve is superior to the PCL and DC. In the cases where PCL is ossified and lateral 

transtentorial herniation occurs, oculomotor nerve palsy would develop more rapidly. 

Knowledge about the morphology of the PCL could be of great importance in 

neurosurgical procedures. Endoscopic transnasal surgeries are a good alternative for the 

treatment of skull base lesions. Tomio et al. [27] performed a cadaveric study in which they 

described the PCL as the most reliable landmark of the AN in the transnasal transclival view. 

They concluded that the PCL was a useful structure for locating the AN in tumor removal 

surgeries that use this approach. The PCL is also of significant clinical importance due to its 

proximity to the oculomotor nerve. During head trauma, downward displacement of the brain



stem can result in damage to the pupillomotor fibers on the ventromedial surface of the 

oculomotor nerve, located on the PCL. This can lead to internal ophthalmoplegia [18]. 

This study is not without limitations and is burdened with potential bias, as the results 

of this meta-analysis may reflect anatomical variations of the Asian people, rather than of the 

global population. A potential sexual dimorphism in the anatomical features of the PCL was 

not established due to the lack of data. Analogically, no gender-related statistics were 

enrolled. Moreover, an analysis of morphometrical features of the PCL was not enrolled in 

relation to height of the subjects nor any other parameters due to lack of such information in 

primary studies. 

CONCLUSIONS

In conclusion, the authors of the present study believe that this is the most accurate 

and up-to-date meta-analysis regarding the morphology and mineralization of the PCL. The 

most common attachment points of the PCL were the posterior clinoid process anteriorly 

(72.95%), and the petrous apex posteriorly (86.00%). The AN was most commonly found 

under the PCL, in the DC (93.02%), however, variations of the course of the AN fibers might 

occur. The data provided by the present study may be a useful tool for surgeons performing 

neurosurgical procedures, such as endoscopic transnasal surgeries. Detailed anatomical 

knowledge of the petroclival region can surely prevent surgical complications when operating

in this area.
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Table 1. Characteristics of studies included in this meta-analysis

First Author Year Region Country
Type of 
study

Type of 
examination

Thickness
slice 
[mm]

Ghorbanlou, M. 2021 Asia Iran radiological CT 0.675
Kayaci, S. 2021 Asia Turkey cadaveric - -
Wysiadecki, G. 2021 Europe Poland cadaveric - -

Iwanaga, J. 2019
North 
America

USA cadaveric - -

Touska, P. 2019 Europe UK radiological CT 0.6
Bayrak, S. 2018 Asia Turkey radiological CT 0.3
Kumar, A. 2018 Asia India cadaveric - -
Ozdede, M. 2018 Asia Turkey radiological CT 0.4
Inal, M. 2016 Asia Turkey radiological CT 0.67
Özgür, A. 2015 Asia Turkey radiological CT 0.5
Tomio, R. 2015 Asia Indonesia cadaveric - -
Wysiadecki, G. 2015 Europe Poland cadaveric - -

Ezer, H. 2012
North 
America

USA cadaveric - -

Sedghizadeh, P. 2012
North 
America

USA radiological CT -

Icke, C. 2010 Asia Turkey cadaveric - -
Ozer, E. 2010 Asia Turkey cadaveric - -
Xiao-Dong, L. 2009 Asia China cadveric - -
Skrzat, J. 2007 Europe Poland cadaveric - -

Cederberg, R. 2003
North 
America

USA radiological RTG -

Iaconetta, G. 2003 Europe Germany cadaveric - -
Ozveren, M. 2003 Asia Turkey cadaveric - -
Destrieux, C. 1997 Europe France cadaveric - -
Umansky, F. 1991 Asia Israel cadaveric - -
Rzymski, K. 1975 Europe Poland radiological RTG -
Stanton, J. 1949 Europe UK radiological RTG -

Table 2. Statistical results of this meta-analysis regarding the mineralization of petroclinoid 

ligament (PCL) in each category. LCI – lower confidence interval. HCI – higher confidence 

interval. Q – Cochran’s Q.

Category N
Pooled 
Prevalence

LCI HCI Q I2

Overall results

No Mineralization 5592 88.55% 80.16% 94.95% 1268.42 98.50



Partial Mineralization 1.78% 0.23% 4.44% 520.65 96.35

Complete 
Mineralization

2.20% 0.67% 4.49% 354.54 94.64

Any Mineralization 10.06% 5.81% 15.27% 565.16 96.64

Bilateral 0.54% 0.10% 1.26% 113.22 83.22

Unilateral 0.75% 0.12% 1.80% 177.27 89.28

Other mineralizations 
of head ligaments

1.02% 0.03% 2.95% 412.96 95.40

Results gathered using radiological methods

No Mineralization

5043

78.58% 63.56% 90.63% 1171.33 99.23

Partial Mineralization 3.07% 0.26% 8.06% 497.83 98.19

Complete 
Mineralization

2.86% 0.52% 6.66% 335.77 97.32

Any Mineralization 17.06% 9.69% 25.92% 504.64 98.22

Bilateral 0.44% 0.00% 1.43% 108.72 91.72

Unilateral 0.51% 0.00% 1.58% 167.25 94.62

Other mineralizations 
of head ligaments

1.61% 0.00% 4.48% 407.71 97.79

Results gathered from cadavers

No Mineralization

549

96.75% 94.37% 98.53% 14.13 36.31

Partial Mineralization 0.55% 0.07% 1.38% 0.73 0.00

Complete 
Mineralization

1.03% 0.23% 2.28% 10.78 16.49

Any Mineralization 3.25% 1.47% 5.63% 14.13 36.31

Bilateral 0.40% 0.02% 1.15% 3.94 0.00

Unilateral 1.28% 0.48% 2.42% 7.10 0.00

Other mineralizations 
of head ligaments

0.57% 0.08% 1.42% 4.24 0.00

Results gathered in Asia

No Mineralization
2681

91.98% 85.59% 96.70% 188.14 95.22

Partial Mineralization 1.13% 0.00% 3.14% 117.54 92.34



Complete 
Mineralization

2.84% 0.00% 8.90% 304.29 97.04

Any Mineralization 1.07% 0.05% 3.04% 79.56 88.69

Bilateral 0.30% 0.00% 0.93% 25.37 64.52

Unilateral 0.60% 0.00% 1.63% 55.29 83.72

Other mineralizations 
of head ligaments

0.20% 0.02% 0.53% 13.14 31.50

Results gathered in Europe

No Mineralization

1623

81.80% 55.28% 100.00% 678.82 99.12

Partial Mineralization 2.36% 0.00% 7.05% 81.50 92.64

Complete 
Mineralization

0.95% 0.35% 1.81% 9.10 34.04

Any Mineralization 11.56% 2.83% 24.32% 194.88 96.92

Bilateral 0.84% 0.00% 3.29% 75.79 92.08

Unilateral 1.41% 0.00% 4.68% 89.35 93.28

Other mineralizations 
of head ligaments

1.11% 0.00% 3.36% 35.85 83.26

Results gathered in North America

No Mineralization

1288

88.14% 61.15% 100.00% 156.44 98.72

Partial Mineralization 4.15% 0.00% 27.12% 197.06 98.99

Complete 
Mineralization

3.46% 0.24% 9.23% 17.19 88.36

Any Mineralization 11.86% 0.00% 38.85% 156.44 98.72

Bilateral 0.67% 0.00% 2.08% 6.54 69.40

Unilateral 0.39% 0.00% 1.76% 8.64 76.85

Other mineralizations 
of head ligaments

5.57% 0.00% 38.24% 285.69 99.30

Table 3. Statistical results of this meta-analysis regarding the relationship of the abducens 

nerve (AN) to the petroclinoid ligament (PCL) in each category. LCI – lower confidence 

interval. HCI – higher confidence interval. Q – Cochran’s Q.



Category N
Pooled 
Prevalenc
e

LCI HCI Q I2

Overall results
AN runs 
below the 
PCL

469

93.02% 79.67% 100.00% 288.75 95.50

AN runs 
above the 
PCL

1.57% 0.62% 2.92% 10.29 0.00

AN runs 
through the 
PCL

4.95% 0.00% 17.03% 300.24 95.67

Results gathered in Asia
AN runs 
below the 
PCL

274

88.03% 55.49% 100.00% 270.68 97.41

AN runs 
above the 
PCL

1.16% 0.15% 2.90% 7.22 3.01

AN runs 
through the 
PCL

10.06% 0.00% 41.56% 277.49 97.48

Results gathered in Europe
AN runs 
below the 
PCL

152

97.61% 94.46% 99.55% 1.79 0.00

AN runs 
above the 
PCL

2.39% 0.45% 5.54% 1.79 0.00

AN runs 
through the 
PCL

0.00% 0.00% 0.00% 0.00 0.00

Results gathered in North America
AN runs 
below the 
PCL

43

98.96% 94.83% 100.00% 0.14 0.00

AN runs 
above the 
PCL

0.00% 0.00% 0.00% 0.00 0.00

AN runs 
through the 
PCL

0.00% 0.00% 0.00% 0.00 0.00



Table 4. Statistical results of this meta-analysis regarding the relationship of the dorsal 

meningeal artery (DMA) to the petroclinoid ligament (PCL) in each category. LCI – lower 

confidence interval. HCI – higher confidence interval. Q – Cochran’s Q.

Category N
Pooled 
Prevalence

LCI HCI Q I2

Overall results
DMA runs 
below the PCL

103
94.40% 83.15% 100.00% 8.71 65.56

DMA runs 
above the PCL

3.01% 0.00% 9.59% 7.33 59.06

Results gathered in Asia
DMA runs 
below the PCL

30
90.80% 72.67% 100.00% 1.97 49.30

DMA runs 
above the PCL

9.20% 0.00% 27.33% 1.97 49.30

Table 5. Statistical results of meta-analysis regarding the anatomical features, like shape, 

number and continuity of the petroclinoid ligament (PCL) in each category. LCI – lower 

confidence interval. HCI – higher confidence interval. Q – Cochran’s Q.

Category N
Pooled 
Prevalence

LCI HCI Q I2

Overall results
Butterfly-
shaped PCL

143

79.59% 21.32% 100.00% 175.71 97.72

Y-shaped 
PCL

4.12% 0.00% 14.95% 25.82 84.51

Triangular 
PCL

3.60% 0.00% 12.32% 19.63 79.63

Single PCL 93.09% 75.50% 100.00% 42.19 90.52

Double PCL 5.03% 1.03% 11.32% 7.12 43.85

Complete 
PCL

6.19% 0.00% 27.49% 60.03 93.34

Incomplete 
PCL

4.86% 0.00% 19.46% 37.88 89.44

Hypoplastic/F
ragmented

5592 0.66% 0.16% 1.44% 113.55 83.27

Results gathered in Asia
Butterfly-
shaped PCL

70
92.90% 74.28% 100.00% 10.06 80.12

Y-shaped 0.97% 0.00% 3.91% 0.20 0.00



PCL

Triangular 
PCL

7.10% 0.00% 25.72% 10.06 80.12

Single PCL 97.96% 94.02% 100.00% 1.94 0.00

Double PCL 7.61% 2.38% 15.12% 1.19 0.00

Complete 
PCL

12.81% 0.00% 61.07% 33.03 93.94

Incomplete 
PCL

9.84% 0.00% 42.39% 20.35 90.17

Hypoplastic/F
ragmented

2681 8.02% 3.30% 14.41% 188.14 95.22

Table 6. Statistical results of this meta-analysis regarding the anterior attachment of the 

petroclinoid ligament (PCL) in each category. LCI – lower confidence interval. HCI – higher 

confidence interval. Q – Cochran’s Q.

Category N
Pooled 
Prevalenc
e

LCI HCI Q I2

General results

PCL 
attaches to a
bone

330

94.43% 85.60% 100.00% 76.79 88.28

PCL 
attaches to 
the dura 
mater

2.88% 0.55% 6.63% 20.43 55.95

PCL 
attaches to a
bone and 
the dura 
mater

2.32% 0.00% 6.39% 36.10 75.07

PCL 
attaches to a
bone and a 
bone

0.86% 0.10% 2.21% 5.45 0.00

Results gathered in Asia



PCL 
attaches to a
bone

219

99.24% 97.89% 100.00% 4.10 0.00

PCL 
attaches to 
the dura 
mater

0.76% 0.00% 2.11% 4.10 0.00

PCL 
attaches to a
bone and 
the dura 
mater

0.00% 0.00% 0.00% 0.00 0.00

PCL 
attaches to a
bone and a 
bone

0.00% 0.00% 0.00% 0.00 0.00

Results gathered in Europe

PCL 
attaches to a
bone

68

92.34% 84.65% 97.66% 0.82 0.00

PCL 
attaches to 
the dura 
mater

7.66% 2.34% 15.35% 0.82 0.00

PCL 
attaches to a
bone and 
the dura 
mater

0.00% 0.00% 0.00% 0.00 0.00

PCL 
attaches to a
bone and a 
bone

0.00% 0.00% 0.00% 0.00 0.00

Results gathered in North America

PCL 
attaches to a
bone

43

75.50% 0.00% 100.00% 15.94 93.73

PCL 
attaches to 
the dura 
mater

7.09% 0.00% 21.99% 1.53 34.62



PCL 
attaches to a
bone and 
the dura 
mater

15.48% 0.00% 59.04% 6.99 85.69

PCL 
attaches to a
bone and a 
bone

4.91% 0.16% 13.83% 0.46 0.00

Table 7. Statistical results of this meta-analysis regarding the anterior attachment point of the 

petroclinoid ligament (PCL) on the bone in each category. LCI – lower confidence interval. 

HCI – higher confidence interval. Q – Cochran’s Q.

Category N
Pooled 
Prevalence

LCI HCI Q I2

Overall results

On clivus

297

58.25% 7.68% 100.00% 528.14 98.49

Under 
posterior 
clinoid 
proces

72.95% 28.05% 100.00% 426.46 98.12

On 
dorsum 
sellae

27.05% 0.00% 71.95% 426.46 98.12

Results gathered in Asia

On clivus

219

52.44% 0.00% 100.00% 344.25 98.55

Under 
posterior 
clinoid 
proces

90.01% 59.42% 100.00% 143.95 96.53

On 
dorsum 
sellae

25.10% 0.00% 72.15% 202.81 97.53

Results gathered in Europe



On clivus

68

49.16% 0.00% 100.00% 130.96 99.24

Under 
posterior 
clinoid 
proces

49.16% 0.00% 100.00% 130.96 99.24

On 
dorsum 
sellae

50.84% 0.00% 100.00% 130.96 99.24

Table 8.| Statistical results of this meta-analysis regarding the posterior attachment point of 

the petroclinoid ligament (PCL) on the bone in each category. LCI – lower confidence 

interval. HCI – higher confidence interval. Q – Cochran’s Q.

Category N
Pooled 
Prevalence

LCI HCI Q I2

Overall results

On petrous 
apex

297

86.00% 55.13% 100.00% 291.71 97.26

On petrous 
ridge

4.75% 0.00% 14.07% 73.47 89.11

On petrous 
tubercle

6.07% 0.00% 27.10% 237.82 96.64

Results gathered in Asia

On petrous 
apex

219

99.41% 98.20% 100.00% 0.74 0.00

On petrous 
ridge

0.00% 0.00% 0.00% 0.00 0.00

On petrous 
tubercle

0.00% 0.00% 0.00% 0.00 0.00

Results gathered in Europe



On petrous 
apex

68

54.71% 0.00% 100.00% 110.94 99.10

On petrous 
ridge

0.71% 0.00% 3.41% 0.02 0.00

On petrous 
tubercle

45.29% 0.00% 100.00% 110.94 99.10

Table 9. Statistical result of meta-analysis regarding morphometrical features of petroclinoid 

ligament (PCL) in each category. LL – lower limit. UL – upper limit.

Category Mean
Standard
Error

Variance LL UL Z-value p-value

Length 11.05 1.00 1.00 9.09 13.01 11.06 0.00

Left PCL 
length

8.03 1.43 2.05 5.23 10.84 5.61 0.00

Right PCL 
lenght

8.01 1.53 2.34 5.01 11.01 5.24 0.00

Width 2.64 0.48 0.23 1.70 3.58 5.51 0.00

Thickness 0.74 0.22 0.05 0.31 1.18 3.34 0.00

Medial 
insertior

4.39 0.31 0.09 3.79 5.00 14.25 0.00

Lateral 
insertior

4.95 0.55 0.30 3.87 6.03 9.00 0.00

Midpoint 2.40 0.35 0.12 1.71 3.08 6.85 0.00

Figure 1. Petroclinoid ligament (PCL) and its close anatomical area. 

Figure 2. Petroclinoid ligament (PCL) and its close anatomical area.

Figure 3. Flow diagram presenting process of collecting data included in this meta-analysis








