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Skull base ligamentous mineralisation: ")
evaluation using computed tomography
and a review of the clinical relevance

Philip Touska'", Sultana Hasso', Alp Oztek?, Fungayi Chinaka' and Steve E. J. Connor'**

Abstract

Objectives: To determine the frequency, morphologic and demographic characteristics, and clinical relevance of
the mineralisation of six skull base ligaments (interclinoid, caroticoclinoid, petrosphenoid, posterior petroclinoid,
pterygospinous, and pterygoalar).

Methods: This is a retrospective review of 240 CT scans of the paranasal sinuses (ages 6-80 years). A limited
systematic review was performed primarily using Embase and Medline databases.

Results: Ligamentous mineralisation was well delineated on CT and occurred at 2 1 location in 58.3% of patients.
There was a nonsignificant trend towards a greater incidence with advancing age. The interclinoid and posterior
petroclinoid ligaments were most commonly mineralised (22.1% and 18.3%, respectively); the petrosphenoid and
pterygoalar ligaments were least frequently mineralised (10.8% and 6.3%, respectively). The mean age of patients
with posterior petroclinoid mineralisation was significantly greater than those with interclinoid and petrosphenoid
mineralisation and was not seen in patients aged 6-20 years. The literature review highlighted the clinically relevant
potential for mineralised ligaments to cause barriers to surgical access (e.g. to the foramen ovale), increase the risk
of neurovascular injury during surgery at the skull base (e.g. during anterior clinoidectomy), and predispose to
neural impingement.

Conclusions: Skull base ligamentous mineralisation is commonly encountered on CT imaging. Given the potentially
significant clinical implications, an understanding of the morphological appearances is of importance to those
planning interventions at the skull base. To the authors’ knowledge, this study is the first to comprehensively
evaluate such a wide range of skull base ligaments using CT. For some ligaments, the incidence on CT has
not been previously described.
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Key points procedures at the skull base (including during the
treatment of aneurysms). Knowledge of such

e Skull base ligamentous mineralisation is common structures is important in operative planning.

and seen in most age groups, aside from the
posterior petroclinoid ligament, which is has a
stronger association with age, reflecting its dural
origin.

Mineralisation of the interclinoid and caroticoclinoid

Ossified ligaments have been associated with neural
impingement syndromes of the abducens nerve
(petrosphenoid ligament), oculomotor nerve
(petroclinoid ligament), and mandibular nerve
branches (pterygospinous and pterygoalar ligaments).

ligaments can increase the risks of several surgical

Introduction

Several ligaments exist at the skull base, but knowledge
of their anatomy is limited amongst clinicians owing to
the paucity of coverage in mainstream anatomical texts.
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However, improvements in minimally invasive neurosur-
gical techniques have made accurate identification of
these structures invaluable for surgical planning, particu-
larly when they become mineralised [1-3]. Mineralised
ligaments can present barriers to surgical access, alter
the appearances of familiar anatomical landmarks, or
prevent structural mobilisation during surgery, thereby
increasing the risk of neurovascular injury [4—6]. Add-
itionally, mineralised skull base ligaments have been im-
plicated in neural impingement syndromes as a result of
mechanical compression of nerves against ossified bars
or within the foramina that mineralised ligaments may
form [7-11]. Hence, skull base ligamentous ossification
is relevant to radiologists, neurologists, and neurosur-
geons managing patients with skull base pathology.

The available literature is predominantly derived from
studies of dry skulls, with only a minority using imaging
to evaluate these structures (see the tabulated summary of
the subsequent systematic review). To the authors’ know-
ledge, this represents the first comprehensive study to use
computed tomography (CT) to systematically evaluate the
frequency of incidental skull base ligamentous mineralisa-
tion in a modern ethnically diverse population.

Materials and methods

Institutional approval was obtained, and the requirement
for informed consent waived. A retrospective review of
high-resolution, non-contrast CT studies of the paranasal
sinuses (scanned between April 2014 and January 2017)
was carried out. Consecutive cases were selected until
equal numbers were achieved for each of 15 age groups
(range 6—80years). Scanning took place on a variety of
systems, including SOMATOM Definition Edge (Siemens
Healthcare, Erlangen, Germany), iCT, and Brilliance 40
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scanners using a kVp of 120 kV, mAs of 25-50, minimum
collimation of 0.6—0.625 mm, and a pitch of 0.624-0.8.
Each imaging study was evaluated by there independent
observers PT, SH, and FC, and the presence of mineralisa-
tion (calcification or ossification) for the six skull base lig-
aments was recorded. Initial detection was carried out by
analysing thin axial reconstructions, and detailed evalu-
ation of morphology was carried out using multiplanar re-
constructions. The ligaments examined, their anatomical
courses, and planes used to evaluate them on CT are de-
tailed in Table 1. Examples of the appearances of the liga-
ments on CT are demonstrated in Figs. 1, 2, and 3.

In each case, mineralisation was considered ‘partial’ if
it extended from 50 to <100% of the ligament’s length
and ‘complete’ if it extended to involve the entire length
of the ligament. The so-called contact type of mineral-
isation, where a subtle suture line may be seen at the
midpoint of an osseous bar, was considered complete for
the purposes of this study [12]. If complete mineralisa-
tion resulted in the formation of a foramen, the thick-
ness of the bony bar (at its midpoint) and the
corresponding foraminal area were measured using
double oblique sagittal reformats on a PACS workstation
using syngo.via software (Siemens Healthcare, Erlangen,
Germany). Ligaments with < 50% mineralisation, includ-
ing small bony spurs, were excluded. The use of 50%
was chosen as it was felt to be both clinically relevant
and simpler to facilitate reproducibility; it has also been
employed in prior studies of ligamentous mineralisation
[18, 23]. In the case of interobserver discordance, an
agreement was achieved through consensus. Where
available, demographic information was recorded.

Statistical testing of multiple correlated samples was
carried out using a one-way ANOVA with post hoc ana-

(Philips Medical Systems, Eindhoven, Netherlands) lysis using the modified Tukey method and two-tailed ¢
Table 1 Ligament characteristics
Ligament Course Plane used for evaluation

Interclinoid ligament

Extends between the anterior and posterior clinoid processes (or occasionally

Double oblique sagittal

middle and posterior clinoid processes). When completely mineralised, it can
form a common interclinoid foramen [12, 13].

Caroticoclinoid (anterior
interclinoid) ligament

Petrosphenoid (Griiber's)
ligament

Posterior petroclinoid
ligament

Pterygospinous (Civinini)
ligament
[20-22].

Pterygoalar (Hyrtl-Calori or
‘innominate’) ligament

Extends between the anterior and middle clinoid processes. When completely
mineralised, it forms the clinocarotid canal traversed by the ICA [12, 14]

Extends from the petrous tubercle (medial to the trigeminal impression) at the
petrous apex to the lower aspect of the posterior clinoid process [15-17].

Extends from the petrous ridge to the posterior clinoid process [18, 19].

Extends from the spine of the sphenoid to the posterior aspect of the lateral
pterygoid plate. When completely mineralised, it forms the foramen of Civinini

Extends from the root of the lateral plate of pterygoid process to the infratemporal
surface of the greater sphenoid wing, lateral to the foramen spinosum. Historically,

Double oblique axial

Double oblique sagittal

Double oblique sagittal

Double oblique sagittal

Double oblique sagittal

complete mineralisation of the pterygoalar ligament was termed the porus
crotaphiticobuccinatorius of Hyrtl (derived from the historic term for the mandibular
nerve with deep temporal—or crotaphitic—and buccinator branches) [20-22].




Touska et al. Insights into Imaging (2019) 10:55 Page 3 of 17

Post. clinoid
rocess
VY AP

Fig. 1 Mineralised caroticoclinoid and interclinoid ligaments. Axial (a), sagittal oblique (b), and 3D (c) volume reconstruction demonstrating a
complete interclinoid ligament on the right (yellow arrowhead). Axial CT (d) and 3D (e) volume reconstructions demonstrating bilateral complete
caroticoclinoid ligaments (yellow arrowheads). f 3D reconstruction demonstrating the right-sided complete caroticoclinoid ligament (yellow arrowhead)

Post. clinoid
process

Fig. 2 Mineralised posterior petroclinoid and petrosphenoid ligaments. a Oblique-sagittal maximum-intensity projection (MIP). b 3D volume
reconstruction of a right-sided, completely mineralised posterior petroclinoid ligament (or dural fold) (yellow arrowhead). ¢ Oblique-sagittal
maximum-intensity projection (MIP). d 3D volume reconstruction of a right-sided, complete petrosphenoid bar (yellow arrowhead)
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The foramen ovale is obscured

Fig. 3 Mineralised pterygospinous and pterygoalar ligaments. Axial (@), oblique sagittal MIP (b), and 3D (c) volume CT reconstructions demonstrating a
completely mineralised left pterygospinous ligament (yellow arrowheads). The foramen ovale is demonstrated on the 3D reconstruction. Axial (d),
oblique sagittal MIP (e), and 3D (f) volume CT reconstructions demonstrating a completely mineralised left pterygoalar ligament (yellow arrowheads).

testing, and the chi-squared test was employed to ana-
lyse the distribution of categorical variables using Vas-
sarstats [24] and Microsoft Excel® (Redmond, WA); a p
value of < 0.05 was deemed to be significant.

A systematic review of the English language literature
was carried out as per PRISMA [25] guidelines using
Embase and Medline databases primarily with additional
studies identified through study references and a limited
search using Google Scholar. The following search terms
were utilised ‘interclinoid; ‘caroticoclinoid; ‘sellar bridge;
‘petrosphenoid; ‘petroclinoid; ‘pterygospinous’ ‘Civinini +
ligament, ‘pterygoalar, ‘Hyrtl + ligament, and ‘crotaphiti-
co-buccinatorius’. Studies were excluded if they were
deemed irrelevant (e.g. pertaining to other parts of the
body). Selected case reports were included if a potentially
clinically consequential observation was documented.

Results

Demographics

A total of 240 CT studies were reviewed comprising 121
female (50.4%) and 119 male (49.6%) patients. The pa-
tients were divided into 15 groups according to age, with
each group spanning 5 years (e.g. 6-10 years). The aver-
age age was 42.7 years (range 6—80 years). The majority

of patients were white British/European (62.5%; »n = 150)
followed by black British/African and Caribbean (18.3%;
n = 44), Southeast Asian (Indian subcontinent) (11.3%; #
=27), and a group comprising Middle Eastern, East
Asian (Chinese), mixed ethnicity, and other/unknown
ethnicity (7.9%; n = 19).

Partially or completely mineralised skull base liga-
ments in at least one location were found in 58.3% of
patients (n = 140).

Mineralisation was observed in all age groups, but least
frequently amongst the 16—20 years age group (31%) and
most frequently in the 56—60 years age group (81%) Fig. 4.
Dividing the population into 5 larger groups of 48 pa-
tients, each revealed lower mean proportions of minera-
lised ligaments amongst the 6-20 and 21-35 years groups
compared with older patients. Although the difference
was nonsignificant (p = 0.0795, using a one-way ANOVA
test), there was a trend towards increasing mineralisation
with age. Additionally, the rate of complete mineralisation
(patients with >1 completely ossified bar on either side)
showed increasing frequency with age Fig. 5. The mean
proportion of patients with at least 1 completely ossified
ligament (n = 53) were as follows: 6—20 years = 4%, 21-35
years = 9%, 36-50years=11%, 51-65years=16%, and
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Fig. 5 Ligament ossification by type and age group
.
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66—80 years = 13%. The difference between the means was
significant (one-way ANOVA: F-ratio = 4.06; p = 0.0329);
however, on breakdown of the differences between the
means using the Tukey method, only the difference be-
tween the 6-20 year and 51-65 year groups was found to
be statistically significant (p = < 0.05).

The proportion of patients with mineralised ligaments
was highest amongst those of white British/European
heritage, followed by black British, African, and Carib-
bean heritage (57%) and those of British Asian/Southeast
Asian heritage (52%). The lowest proportion was seen
amongst those of other heritages. However, the differ-
ence between the proportions of ossified ligaments
amongst white and black and white and Southeast Asian
patients was nonsignificant (p = 0.635 and p = 0.382, re-
spectively, using a chi-squared test).

Overall, there was a very slight male preponderance
for ligamentous mineralisation with 74 males and 66 fe-
males (M:F = 1.12:1).

Ligament type

The incidence of ligamentous ossification (both partial
and complete) varied according to the ligament type,
with the interclinoid ligament being most commonly
identified and the pterygoalar ligament least commonly
identified (the proportions for all ligaments are detailed
in Table 2).

The majority (four of six) of mineralised ligaments
were more commonly unilateral, but the caroticoclinoid
and petroclinoid ligaments were more commonly bilat-
eral. The proportions of bilaterally and unilaterally
mineralised ligaments are detailed in Table 3.

Mineralised interclinoid and caroticoclinoid ligaments
could be seen in all age groups. However, the remaining
ligament types were not present in all age groups; for
example, mineralised petrosphenoids were not encoun-
tered in the 6-10 and 16-20 year groups. The frequen-
cies of each ligament type amongst the various age
groups are depicted in Fig. 3.

Overall, there was no statistically significant difference
between the mean ages of patients with mineralised liga-
ments (0.0777, using a one-way ANOVA test); however,
breakdown analysis of the differences between the

Table 2 Ossification of ligament types (in descending order of
frequency)

Total (n) Proportion (%)
Interclinoid 53 22.1
Petroclinoid 44 18.3
Caroticoclinoid 42 17.5
Pterygospinous 41 17.1
Petrosphenoid 26 108
Pterygoalar 15 6.3
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groups revealed a significantly higher mean age for
patients with posterior petroclinoid ligamentous min-
eralisation compared to those with interclinoid and
petrosphenoid mineralisation (p =0.004 and p = 0.009,
respectively).

The thickness of the mineralised ligaments varied
slightly, with the thinnest being the pterygospinous
(Table 4). The smallest foramen was formed by the
mineralised petrosphenoid ligament, and the largest for-
amen was formed by the mineralised interclinoid liga-
ment (Table 4).

Multiple ligaments

Ossification of multiple (>1) ligament types was ob-
served in 26.7% (n = 64) patients. The majority (76.6%; n
=49) of these patients had a combination of two ossified
ligaments, with the interclinoid and caroticoclinoid liga-
ments in combination (n = 20) and the petroclinoid and
pterygospinous ligaments in combination (7 =11) being
the most common. Ossification of >2 ligament types
was seen in 23.4% (n = 15) of patients and ossification of
> 3 ligament types in 3.1% (n = 2) of cases.

Limited systematic review

Screening vyielded 492 abstracts in the initial search;
however, following the removal of duplicates and studies
that did not meet the inclusion criteria, 61 records
remained for inclusion (Table 5).

Discussion

Mineralisation of skull base ligaments can occur as a re-
sult of an interplay between a broad range of factors, in-
cluding genetics, metabolic abnormalities, and mechanical
stress [68]. Such factors may explain de novo mineralisa-
tion later in life. However, the presence of ligamentous
skull base mineralisation in children without an obvious
inductive stimulus [12] may reflect developmental vari-
ation, which some have termed atavistic (i.e. representing
evolutionary remnants) owing to the presence of similar
ossified structures in non-human species [69].

It is clear from this study that mineralisation of skull
base ligaments is a common finding (58.3%). In keeping
with a suspected predominantly developmental origin,
mineralisation was present in all age groups, although
there was a nonsignificant trend towards an increased
incidence with age. The association was however stron-
ger for complete ligamentous mineralisation and varied
with ligament type. In particular, the mean age of pa-
tients with posterior petroclinoid ligamentous mineral-
isation was higher than those with interclinoid or
petrosphenoid mineralisation and was not observed in
individuals aged 6-15 and 31-35years. This finding
likely reflects the nature of the posterior petroclinoid
ligament, which is in fact a fold of dura mater (rather
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Table 3 Characteristics of mineralised ligaments

Bilateral Unilateral

Total Complete Mixed* Partial Total Complete Partial

%  n (%) (%) (%) % n (%) (%)
Interclinoid 453 24 292 12.5 583 54.7 29 20.7 793
Caroticoclinoid 59.5 25 60.0 240 16.0 405 17 529 47.1
Petrosphenoid 269 7 14.3 0.0 85.7 731 19 26.3 73.7
Petroclinoid 56.8 25 4.0 4.0 920 432 19 105 89.5
Pterygospinous 34.1 14 7.1 429 50.0 659 27 14.8 852
Pterygoalar 20.0 3 333 66.7 0.0 80.0 12 16.7 833

*Mixed cases were those in which where complete mineralisation occurred only on one side

than a true ligament) that arises from the fixed portions
of the tentorial incisura, and calcification of the dura is
generally rarely seen in children [18, 19, 70]. There was
no significant difference in the rate of ligamentous min-
eralisation amongst the largest ethnic groups included
within the study; however, variance exists in the litera-
ture with higher rates of observed mineralisation in
some (particularly Greek) populations, suggesting a po-
tential genetic predisposition [14, 30, 57].

Interclinoid and caroticoclinoid ligaments
Mineralised of these ‘sellar bridges’ was relatively com-
monly encountered within the studied population (22.1%
and 17.5%, respectively). Whilst the incidence of caroti-
coclinoid mineralisation reflects the majority of prior
studies (12-35.67% [2, 3, 5, 6, 8, 12, 2629, 31-37]),
there were some outliers [14, 30]. The incidence of inter-
clinoid ligamentous mineralisation was higher in the
current study than in many prior studies (4-11.8% [2,
12, 26, 27, 29, 36, 37, 39]), which may be secondary to
the relatively long and exposed nature of the interclinoid
ligament that could make it vulnerable to loss during the
preparation of dry skulls. Indeed, a large Italian study of
300 CT scans of the head recorded incidences closer to
the current study; furthermore, it corroborated our ob-
servation that mineralisation of the caroticoclinoid and
interclinoid ligaments is not infrequently associated [32].
The clinical significance of mineralised interclinoid
and caroticoclinoid ligaments arises primarily from

Table 4 Ligament thickness and foramen size

their close relationships with the paraclinoid internal
carotid artery (with the caroticoclinoid ligament po-
tentially forming a solid ring around it) and cavernous
sinus. In particular, the presence of ossified bars in
these locations can make the extradural removal of
the anterior clinoid process during clipping of paracli-
noid aneurysms extremely difficult, requiring
increased drilling and manipulation, which is accom-
panied by an increased potential risk of carotid rup-
ture [2, 5, 14, 26, 31, 71]. Furthermore, these
structures can complicate the excision of central skull
base tumours where the internal carotid artery and
cavernous sinus require exposure [2]. In addition, the
presence of a completely mineralised caroticoclinoid
ligament may alter the appearance of the middle clin-
oid process, which can be used as landmark for the
anteromedial roof of the cavernous sinus and transi-
tion between the cavernous and clinoid segments of
the internal carotid artery during endoscopic endona-
sal approaches to the pituitary gland [5, 6]. Further-
more, the presence of high-density calcification in the
parasellar region may cause confusion on CT angiog-
raphy if the viewer is unfamiliar with skull base liga-
mentous mineralisation; indeed, mineralisation of the
interclinoid has been confused with para-posterior
communicating artery aneurysm [38]. Finally, ‘sellar
bridges’ have been associated with dental and other
developmental abnormalities, including Gorlin-Goltz
syndrome [26, 40, 42, 72, 73].

Ligament thickness

Mean foramen size

Mean (mm) SD (mm) Mean (mm?) SD (mm?) Range (mm?)
Interclinoid 1.8 0.5 75.2 22 43-142
Caroticoclinoid 1.8 0.8 253 44 24-40
Petrosphenoid 1.1 0.5 7.2 5.5 2-18
Petroclinoid 13 0.5 39 145 24-60
Pterygospinous 0.95 03 399 329 2-112
Pterygoalar 1.2 04 133 7.2 4-25




Page 8 of 17

(2019) 10:55

Touska et al. Insights into Imaging

‘Kisue
ploJed [eulaiul ay1 o1 Anful Jo sysu

Buipnppul suoned|duy [e316nsoINaN - *LE *6CH s1e2A G0L-81 VSN slins A1p 9z/z  [6] 810 '[e 38 euleys
‘suoneddul [ed16insoinsN %< - - - AxIn] S|InYs AIp 08 [8] '|e 12 Ja¥3d
*AW03D3PIOUlD JOLSIUR [RINPRIIXD swisAinaue prouidesed
01 Joud ) aniesadoaid Jo asn %0991 - - - ueder 1o} swelbolbue |5 g/ [2] e 1 e10
‘Aijelsie|qg
pue abe pue uolies|jesauIwl
919|dWOD U3MISG UONLIDOSSY %91°09 %09'€C %09'9¢ sieak 16-0¢ 929915 s|inys Aip €21 [7L] e 39 sisieN
‘saydeosdde didodsopus papuedxe [€] wyeag
1o} suonediidul [ed16InsoINaN - %08 Ly - - VSN S| [BIDRJO||IXBW 0G|  PUB ‘UnoweyD 3||IA
'suoiedjdul [eD1binsoInaN %Sl %01t %09'LL S/u ©910} s|ints AIp €/ [5€] "6 10 997
euin0bazZISH
'suoned|jdul [ed16insoInaN %S 91 wxOL %SL6 sIeaA |6-61  pue ejusog sIN¥s Aip 007 [¥€] 2Iys pue undey
‘sKep |z se bunoA
Se S3SeD U| Juasaid UoledlyIsso
919|dWo)) Juawebl| pasiesaulu
4O Saun1eay [edlUIOleU. JU) JO S|ie1a] %8 e - - sieakgoL—Aep | VSN siins Aip /81e [21] GE61 sakay
[e€l ysoyo
'suoned|dwil [eD1binsoInaN %0¢ %098 %0t LL - ledaN s|ints AIp Ge pue ‘Aey ‘eydno "N
X35 10 9B YIM UOofeIDosse
ON ‘Bulbplig ploulpod10Ied
pue pioul[249iul USamiaq UOHEIDOSSY - %0.'8 - s1eak 66-81 Aey Sueds peay |5 00€ [cel e 12 11=q1D
‘A19BInsoInau [eseuopua suswiPads dluoleuUR [9] e
031 12adsas yim duepodw| - %0C - - VSN 0S + sweiboibue |H OOl 12 epurRliN-ZopPURUIS
'SNUIS snoulaAed yum diysuone|al Speay dlaAepeD ‘[1€] eshon
pue suonedidul [e21BINsoINaN %L9'GE P VA l6vl - Aspn). ZS +sims Aip gLL - pue njboljeAey sunu3
%¢/€301 %'0C JO [P0} JO %OF
JusjeAinba—(siusawebl|  Jo JusjeAinba—(s3uawebi|
'suonediduil (eo16INsoINaN %t/ PaYIsSO JO) 9%/ 0€ PaISSO JO) %E69 Synpy 929915 sinys A1ip 92 [0¢€] “[e 32 nolwAyy3
S|Inys AIp
‘suopedyjdwl [ed1binsoinaN - %G1 %01 - AN GZ + Speay DLaABpPeD G| 6] ‘e 19 upR1beQg
"SuoabInsoInau pue sisibojolpel (Kuo
1sBuowe SSaUBIEME 10) PIIN - (%) SIINYS 05/C 919|dW0D) Passasse 10N SyNpy elpuj sins AIp oS [8¢] |e 12 Beyquiyelg
‘suonedljduwl [ed1binsoInaN %E'SE SyNpy AIn| SIS AIp ¢ [£2] "|e 19 uekog
'suonediduil [ed1binsoinaN %c| £x%00C°S %089 - elpy| s|ints AIp 0S¢ [9¢] e 19 eueydlY
(%S¢ paxiu
— SOpNPUI) %G/ L %01 %S s1eak 08-9 N SoIpnis 1D 0¥ Apnas 1uaLnd
JuauWiebl| pioul|>010IeD)
yiog 219/dwod |e1ed
2ouedIIUbIS UoNeS|[eIRUIN obues by  uonendod papn|oUl JaguINp| loyiny

M3IASI DI1BWIRISAS § 3jqel



Page 9 of 17

(2019) 10:55

Touska et al. Insights into Imaging

Sse| [e19]s Isajiuew pue buibplg

(Il ssepd)

7'/ sobe ueaw)

BD1DIN} B[|3S U99MISC UOIRIDOSSY - %8l (Il pue | ssep) %5 - S9jeway 3npy Apn] swelbojeydad |esaie| g1 | [1¥] '|e 39 ueSiepy
‘S9llewoue
[BIUSP YHM Sjuaied Ul uolewloy (sa58D) (sa58D)
26plIq Je||3s Jo duspPUl IYDIH - 09°/ | {(S|0IUOD) %66 058'8S (S|0IU0D) 9/ €€ s1eak91-8 Ay SIS AIp € [ot] ‘e 19 IpJeuoa
“uoisn|PdojewW
UM UONBDOSSE 3|qISSOd %08°| | - - sieak 91-8 pue|od sueibojeydad |esaie| 7ze [6€] " 19 edny
‘9 se BUNOA se Sased Ul Uolies|esaulul
319/dwo)) Juswebl| pasijesaulu
JO $3IN1e3) [P2IWOIRUE 31 JO S|ieIad %89'8 - - sieakspl—Aep | VSN s|infs Aip /81Le [c1] se61 sk
‘wiskinaue
Aidue bunesiunwiulod Jopisod-eled
Se Juswebl| pIoulDISIUI PISI[eIBUIW
e JO UOoedyRuapIsiuu—uodal ased) - - - - elpy| | [8€] ‘e 19 exdno
‘9be pue uonesijelauIw
PIOUIDISIUI YHM UO[IRIDOSSe
[erua10d “buibplig proulpod0ed
pue ploul|2ia1ul UsaMiag UONeDOSSY - %0091 - s1eak 66-81 Aey sueds peay 13 00€ [cel e 10 11:q1D
'SNUIS SNOWISARD UM diysuolielai speay dlaAeped [L€] eSAOD
pue suonedijduw [ed1BINsoINaN - %818 - - Axn] S+ s|Ins Ap gL L pue ‘niboljeAey w3
s|infs Aip
‘suonedljduwl [ed16insoInap| - %S - - Ayn | GZ + Speay DLaABPED G| [62] "|e 19 upje1beQg
“uoljes||esaulu
40O 221bap pue abe BupueApe sydeibolpel
U99MISQ UOI1RIDOSSe %eIAN - %C8 %1'8S sleakg/-g VSN dlswoleydad [essle] 657 [£¢] (e 19 Busgiapad
'suoabiInsoInau pue sisibojolpel
1sbuowle ssauSIEME 10§ PISN - (SIINYS 05/1) %C - Synpy elpuy| sns AIp 05 [8¢] '|e 32 Beyquiyelg
'suonedidul [eD1binsoInaN %8'LL %6'S %6'S SHNpY Aopny. s|ints AIp € [£2] "|e 15 uekog
'suoned|jdw [eo1BINsoInaN %t %x%609'L %0t7'C - elpuj s|ints AIp 052 (9¢] e 19 eueydly
(%€°L paxiw
— S9pNpUl) %1°CT %t'S %Sl s1eah 08-9 AN saIpnIs 1D 0v¢ Apnis us1nd
1usWebl| ploulpiaiy
[£€] Jewny|
‘suonedljduwl [ed16InsoInaN| %79l %0°€ %y €L - eIpu| S|nys Aip /9 pue ‘exdno ‘lemiebby
‘SwsAINaue pioul|d
-ejed bunpeasn ul buiuue|d aanelsdo [9€] Jewny|
-a1d u1 buibew jo souenodull %0C'TT - - sieak 0/-81 eipu| sweiboibue |9 5 pue euueseidns
‘A1ane
phoJed [eulaiul ay) uodn s1dsye [61] exmaydiepy
pue suoined|idwi [ed16iNsoINaN - %E91 - SyNpy pue|od SIS AIp 08 pue ‘ZOJ\ 1ezZI4S
yiog 219/dwod |e1ed
2ouedIIUbIS UoNeS|[eIRUIN obues by  uonendod papn|oUl JaguINp| loyiny

(panuUO)) MIIADI D11BWIRISAS § d]qel



Page 10 of 17

(2019) 10:55

Touska et al. Insights into Imaging

— SopN|U|) %E8L %L %91 s1eak 08-9 AN saipnis 1D 0v¢ Apnas 1ualnd
1uaWeb|| ploulposiad JoN1S0d
[£€] seuuny|
‘suoped)jdwl [es16insoinaN %S %TT %0 - elpy| S|nys AIp /9 pue ‘exdno) ‘|lemiebby
“Abojoydiows 1usweb)| ul [Sy]
uoneleA ‘suopedldull [es1binsoinaN %S - - - Axn] Speay JLaAePeD 07 eply pue 19zQ ‘)
“Asjed susonpge 01 asodsipaid
AW 1BY) S2IN1e3) [eD|UIOIeUy %08'S %0C°C %09°¢ s1esh 001 -81 NENTY speay |D €79 [L1] uss3 pue SmNO
‘suonedldul
|eo1bunsoIna abe Budueape pue
Uones|[elaul Uaam1ag UONeDNOossy - (431) %6'T ‘(ubU) %ET (431) %686 ‘(1ubU) %86 sieak /-0t Assun 1D Uo saseq |InXs O¢L [91] e 13 [eu
‘Asjed susonpge 01 asodsipaid
AW 1BY) S2IN1B3) [eD|UIOIeUY %5T - - - 2310y Speay dLSABPED (| [#7+7] "|e 1@ oor
“Asjed suadnpge ul 9jo1 3|gissod
pue suoned|idwi [ed16INsoINaN - - - - pue|od | [e4] "2 19 18Z1YS
- %801 %G'C %€'8 s1eah 08-9 MN saIpnIs 15 0v¢ Apnis JuanD
Juswebl| prousydsoiiad
[£€] Jewny|
‘suoneddul [ed1binsoinaN %/°9 %S| %T'S - e|pu| s|nys AIp /9 pue ‘exdno) ‘|emiebby
[9¢] Jewny|
‘suoneddul [ed16insoinaN - %60 - s1eak 0/-81 e|pu| swelboibue | 5 pue euueseidng
‘A19)e proJed [eussiul uodn s109ya [61] exmaydiepy
pue suoined|idwi [ed16insoINaN - %8€EL - SyNpy pue|od S|Inys AIp 08 pue ‘ZOJ\ 1ezZI4S
‘s9ljewoue
|euap yum siuaited ul uonewo) sydeibolpel
2bplIq Je|I3s JO duUspPUl IBYDIH - (S|01IU0D) %€ | (S|01U0d) 960€ - Aey ouIdWoeydad [elsle| 8/ [¥] “|e 19 21ueqLdS
'suonedijdwi [ed1binsoinaN %/ 1Y€ - - - Apn] s|Ins AIp 08 INERERENER]
-9be pue uopRedlyIsso
US9M13Q UONLIDOSSE JuediiubIs ON
‘suonedljdwl [es16insoInap| - %9 - SIeak 08-81 AN | suswipads Asdoine g [£1] e 12 snwbopzQ
“Awodaploulp
Jouajue jeinpeixs bujwiopsd
USYM "dDV 341 punose Awojeue
9U1 Ul SUOIIBLIBA 1D319P 01 [Nyasn S| swsAinaue ploulpesed
Aydesbowoy paandwod apesadoald %8'T - - - ueder 1o} swelbolbue |5 ¢/ [2] e 1 B0
‘Ajeiare
pue abe pue uoles|jesauIw
919|dWOD U99M19] UOIBIDOSSY %56'1LC - - Sieak |6—0C 929315 S|IMys AIp €21 [71] e 19 sisieN
‘suolsnPd0ewW ||| (s1eah g6z pue
yiog 219/dwod |e1ed
2ouedIIUbIS UoNeS|[eIRUIN obues by  uonendod papn|oUl JaguINp| loyiny

(panuUO)) MIIADI D11BWIRISAS § d]qel



Page 11 of 17

(2019) 10:55

Touska et al. Insights into Imaging

"Ki9buns 1oy suonedydul %€ L %S¥90 %590 - vsn S|INYS 451 (951 e 32 sqany
‘uoissaldulod [SS] [1ed pue
[einau pue Asbins 1oy suonedidu| %/0'¢€ - %L0°¢ - elpuj SIINAS 59 ‘unfieijlepy ‘opuiys
"uolssaldulod sauog prouayds
[einau pue A13bins 1oy suoned|dul %S.'8 %SCL %05, - BIpul Palp 0 PUg S|IMYS Palp 0S [7G] ‘e 1= ueles
[€G] ueluesN
‘uolssaudwod [einau 1oy suonedijdull %0l %t %79 - elpuj SIS 00S pue “Jeuny| ‘ABpeA
[¢s] ngeg
‘suonedydwi [ed1bing %8 - %8 - elpy| SIS AIp O [eIRANA pUB IUUBAIYS
‘uolssa1duod sauoq prouayds
[eanau pue A1buns 1oy suonedljdul] %S/ | %/97C %911 - elpul Q¢ pue s|n3s 3npe paup 5 (1G] uter pue [eAon
(%S¢ paxiu
— Sepnpul) %L/L %L°C %SCL s1eak 08-9 N SoIpnis 15 0v¢ Apnis Jusnd
1uaweb| snouidsobAisid
“As|ed JOJOWOIND0 YIM UOIIRIDOSSY - - - sieakg/ puejod I [0S] e 1 DDapeISAM
AU (sueUWSl JUsWEDI|
Jojowondo yim diysuonelal pue (SIS 10} PamaIASJ) S||Ns
1USWEDI| PalYd[Ed-UOU JO AWOIeUY €/ 10 1) %L - - - puejod  AIp €/ ‘suswipads paxiy 47 [6%] e 19 1eZ1YS
(Auo |es1e)lq
|esauab
'S]D Weaq Ul uopedyd|ed) [8¢] osibu3 pue
2UOD [PIUDP UO Bulpul} UOWWOD %8 - - sieakzg—<| VSN S]D Wweaq auod 005 ‘USANbN ‘yspeziybpas
“Asjed Joj0woN20 03 asodsipald
AW 1BY) S3IN1E3 [EDIWIOIRUY - - - - elpuj 1odal ase) [/¥] ueypiemied
(IJENE)
U] uoledyid|ed)
‘uesspuodaid ey o%tEE - - sieak |87 Apn] S| Wesq auod 067 [9v] |e 19 apapzO
saouelagniold
[euiuwabLy
‘elbjeinau [euiwabul Ul 9jo) (W Z <) able| (S9AlRY (s9AlRY S|IYs AIp 1/
[PUS104 ‘suoned|dul [ed1BINSoINaN  PeY S|INYS %6 Pe3Y DIISARPED JO) 907 pe3ay JLISABPED JO) %€ | sieak €6-89 BPRUSID  'SIAJRY PE3Y DLSARPED G| [81] '|e 39 |[equuy
‘Asjed anJaU [elueld 03 asodsipald
AW 1By} S3IN1B3) [EDIWIOIRUY
suopies|jdwt [e216insoInaN ~ (43]) %9 GUBL) %ZS (R %S6T AYBU) %99T s1eak 8/-0¢ Aaspiny 51D auoq [elodwa) OgL CHRERENY
uopen|eAd
JIUOPOYUO 104 Bunuasald
obe BudueApe $103[gns 55z 4o sydeiboipel
UHM UONR[D1I0D yeam KIDA %TE %6 %ET s1eak9/-8 VSN du1swoeydad [ess1e]  [£] ‘[e 19 BiegiepsD
(%0 paxiu
yiog 219/dwod |e1ed
2ouedIIUbIS UoNeS|[eIRUIN obues by  uonendod papn|oUl JaguINp| loyiny

(panuUO)) MIIADI D11BWIRISAS § d]qel



Page 12 of 17

(2019) 10:55

Touska et al. Insights into Imaging

uswdenua

(SIn>ts)

SI9ABPED PAXI) 6 JO SIAIDU

[RINSU 1O} WISIUBYIDW [BAUSIO %88 ‘(PaX1Y) %05'S - - Aaspn] leNgipuew + S|INYs 75t EINERERENEN
(enbiuyoay
'ss9008 [BD16INS pue [eIxe ZulH ay1 buisn
Juswabuldwil [einau oy suoned|idw| %/6'/T %198 %9¢'61 - |1zelg paydeibolpel) s||nys €6 [S9] "|e 19 esoy
'ss900e [eD16INS pue [9] eddesagny
1uaWwabuidwl [einau 1oy suonedljdul %/ | %1 %91 - eIpuy| S|INXS 001 pue yiewey
'ss900€ [B216INS pue
Juawabuidwil [einau oy suoned|duw| %81 %t L %991 umouun 2310Y S|INYS 2L [17] ‘|e 1@ nAY
SIeak /|-G SaUOQ
Juawdenus plouayds ‘sieak sauoq plouayds pajesadewl /11
[BINSU 10§ SUUSIUBYIRW [BRUS10d - %S - G681 SIMIS puejod pPa1e|OSI 06 ‘S|INYS 0L 39 DIUWIN-pROdUILY
(%t 219/dwiod)
%191 Jeq snouidsobAisid
eibjeinau B JO UO[PWIO} SIPSA 09-| S35
[eUIWS6UY 1M UOIIRIDOSSE [1IUR10d %191 %ty 919|dwod Jo [ened 95/°| | 08 Ul umouy AN S|INYS 75 [€9] meys
‘SJuSWeD]| PasielauIl 8y} JO SISINOD
aU1 JO uondudsIP [edILIoIeUY %879 - s1esh 101-9| VSN SIIMS 751 [07] 2noyd
(1oded
"9|BAO UDUIRIO) Op61 Ul PRUILUEXD S|INYS
93 0} ss3308 10§ suonedl|du| - %9t'S %12'8¢C s1eak €6-91 VSN 01 UORIppe Ul) S|InYs Si7/¢ (29 $4noydD
'9eAO
USWeJo) aY) 01 ssadde snoaueindiad
10} UOREDYIPOW SNbIUYdS | - - - vsN e/u [1] 4noyd
"9|PAO UDULIRIO) DY} O} $59008
104 suoned|dwi pue syuswebl| syl [ca
JO M3IARJ [edlwoleue ABojoydiop - - - - BJ]9NZAUIA pal429ds 10N Jaupues pue dda
“aIn1oely e|pu| wouy
104 uayelsiul 9q ued—sydeibolpel papodwl
dlweloued uo ANjIgIsIA - %06'€ (saurds sapnpul) %ge - SIS SIINS 91§ [L9] ogaL
“uswipads [6] 491114
UO[123SSIP B Ul Juswidenus [einsN - - - - Auewllan | pue "Jaydsi4 1axnad
SuawiPads yoau
'S9OURIRYIP D1I2USBOAY "UOINDISSIP Auewllan pue peay dISABPED PaXi [09] ‘e
uo sdiysuoneal |edluoleuy - %9 - - pue ueder JO SIARY S 'S3SEQ NS 00| 19 UdsneybuipnT UoA
‘uolssalduod
[eanau pue A1bins 1oy suonedljdul %1 %0 %1 - e|pu| sauoq prouayds 0g [65] Ined pue seq
'S9OUIBYIP pue suibuo dsusbolAyd %196 9%9/°S %He'E - elpuy| SIS AIp 91y [8S] £007 ‘|8 19 eAeN
[£S] nojnodoisoubeuy
pue ‘nobely
Juawabuldwi [einau Joy suoned|iduw| %/T %C %5T S1e9A 09—0€ 939315 SIS 05 ‘nojnodouoiuy
yiog 219/dwod |e1ed
2ouedIIUbIS UoNeS|[eIRUIN obues by  uonendod papn|oUl JaguINp| loyiny

(panuUO)) MIIADI D11BWIRISAS § d]qel



Page 13 of 17

(2019) 10:55

Touska et al. Insights into Imaging

9dA} 10e3U0D sapNPUl 319|dWO)
ssac0.d ploul]d 3|ppiw ay3 Jo uonebuold sapnpduly

‘sisAleue-e19\

(@>usjeraid
pajood |[e19n0) %t

(@>usjeraid
pajood |[es9n0) %t'8

S3IPNIS Gz SisAjeue-e1apy

[£9] '[e 32 ejey3d

uswabuidw [einau Joj suonediidu %0/ L€ %011 %09'£C sieak 16-81 209219 SIINS Gi7L [99] '[e 12 sisieN
uswabuidwii (S]In%fs) SI9ABPED PAXI) 6 JO SIAIRU
[RINSU 1O} WISIUBYIDW [BIUSIO - %6/ {(PX1Y) %06 - - AN | JeNgipuew + S||INYs 76t EINERERENER
‘suonoafold (anbiuyoan
o1ydesboipes pa1edIpap Jo AN [eIXe ZulH ay1 buisn
uswabuidwl [einau 1oy suonedldul %SET9 %BLETL %ty 6l - |izeig paydeifolpes) s|ins €6 [S9] ‘[e 19 eSOy
Juawabuidwil [einau [79] eddelagny
pue ssa22e |ed1bins Joj suoned|jdul] %0¢ %1 %67 - elpu| S|INYS 001 pue yieuley
Juawabuidwil [einau
pue ssede [eD1bIns 1oy suoned|dw %08 %08'C %09'S - €310y S|IN4S ¢yl [17] "2 3@ NAy
sleak
‘elbjeinau 09-8| 358D
[euiwabL yum diysuoneay - %/9°0 - 08 Ul umouy| N SIINYS ¥t [€9] meys
“UONES|[eJUIW SNOlUSWIED)|
40 sdhisps1oRIeyd [edlwoleuy - %0€0L - s1eak 101-91 VSN SIIMS #7775 L (0Z] $4noyd
-9be yum diysuonejas oN (1oded
“UOLES|[RJUIW SNOIUSWED)| Op61 Ul PUILEXD S|INYS
JO SDnsuR1dRIRYD [EDIWOIRUY - %¥6'S 9%9/°/ 1 SIeak €6-9| YSN 01 uonIppe ul) S|inys G/ [c9] $noyd
EllNe]
USWeJO) Y} 0} SSa12e snoauendiad
10J uonedYIPOW anbjuyda | - - - VSN e/u [1] noy>
"9|PAO USWRIO)
33 03 559228 10j suoled|idwl [ca
pue syuawebi| ay3 jo Abojoydiop - - - EEIEYN paioads 10N Jaupues pue dda
[£S] nojnodoisoubeuy
pue ‘nobelyd
JuawWabuIdwl [einau Joy suoledljdw %8 %/ %1 5129k 09-0¢ EREEIS) SIS 0S ‘nojnodouoiuy
'ss902e [eD1BNs 10 suonedijdw %€E'L %5%90 %590 - VSN SIINAS 51 [96] "e 19 sqgny.
(%8°0 paxiw
—  S9pNPUl %E9 %€l %Y s1eak 08-9 N SaIpMS 1D 0¥ Apnis 3uaund)
1uawebl| JejeobAiaid
'ss900e [B216INS pue (sapis [£€] tewny|
Juswabuiduy [einau Joy suonedliduwl L JO €1) %6 (S9pIS ¥€1 4O ) %0°E (S9pIS €1 JO 6) %L9 - elpuy| siimis Aip 29 pue eydno ‘lemiebby
yiog 219/dwod |e1ed
2ouedIIUbIS UONES|[eIUIN obues by  uonendod papn|oUl JaguINp| joyiny

(paNuUOD) MIIADI D11BWIRISAS § d]qel



Touska et al. Insights into Imaging (2019) 10:55

Petrosphenoid ligament
This structure was amongst the least commonly minera-
lised skull base ligaments (10.8%), which is compatible
with the published range of 5-25% [11, 16, 37, 43—45].
The clinical significance of petrosphenoid ligamentous
mineralisation principally arises from its close relation-
ship to the abducens nerve, which passes below it within
Dorello’s canal [17]. For example, in the setting of raised
intracranial pressure and uncal herniation, the minera-
lised ligament may protect the abducens nerve, but may
present a noncompliant structure against which the
oculomotor nerve may be compressed [16]. Further-
more, the passage of the abducens nerve beneath a
densely mineralised ligament is postulated to have a role
in abducens nerve palsy as it would create a noncompli-
ant structure around the nerve, which would limit ex-
pansion in the setting of neural inflammation [11].
Finally, the petrosphenoid ligament is a helpful landmark
during  subtemporal-transtentorial-transpetrous  ap-
proaches to the posterior and middle cranial fossae and
its mineralisation may lead to the misidentification of
anatomical localisation [16, 74].

Posterior petroclinoid ligament (fold)
This structure was the second most commonly minera-
lised ligament (18.3%), which is higher than some studies
of dry skulls (1.4-9%) [18, 49], but comparable to prior
radiographic and CT studies [16, 23, 46]. This likely re-
flects the superiority of imaging in detecting fine calci-
fied structures that may not be preserved in dry skulls.
The clinical significance of posterior petroclinoid liga-
ment (or dural fold) mineralisation derives from its
proximity to neural structures. In particular, in its course
between the anterior petrous ridge to the posterior clin-
oid process, it forms the roof of the porus trigeminus
and medial border of the oculomotor trigone (with the
oculomotor nerve running over the ligament) [18]. In
cases of mineralisation, Wysiadecki et al. found greater
fixation of the dural sheath of the oculomotor nerve,
which may increase the risk of neural injury during in-
traoperative manipulation, and prior division with an ap-
propriate instrument may be required [16, 50]. It may
also increase the risk of oculomotor neural injury follow-
ing relatively insignificant head trauma, as a result of
compression of the nerve against a noncompliant liga-
ment [10, 47]. Finally, there has been speculation that
compression of the trigeminal nerve may occur in the
setting of an extensively mineralised posterior petrocli-
noid ligament and may be considered for those in whom
prior microvascular decompression has failed [18, 75].

Pterygospinous and pterygoalar ligaments
In the current study, these structures were found to be
mineralised in 17.1% and 6.3% (pterygospinous and
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pterygoalar ligaments, respectively) of patients. The
published rate of ligamentous mineralisation is vari-
able (1-27.97% for the pterygospinous ligament [7, 8,
20, 21, 51-58, 60-65] and 1.3-62.35% for the ptery-
goalar ligament [8, 20-22, 56, 57, 62-66]), but the
latter was comparable to a recent meta-analysis [67].

The clinical significance of pterygospinous and ptery-
goalar ligamentous mineralisation arises from their cap-
acities to form barriers to surgical access as well as their
close relationship to neural structures. Although both
ligaments are in close proximity anatomically, they are
distinct in their courses, most notably posteriorly, with
the pterygospinous ligament (a thickening of the inter-
pterygoid aponeurosis) attaching to the spine of the
sphenoid and the pterygoalar ligament (a thickening of
the lateral interpterygoid or pterygotemporomaxillary
aponeurosis) attaching more laterally to the undersur-
face of the sphenoid [22]. Furthermore, whilst both liga-
ments attach to the lateral pterygoid plate anteriorly, the
pterygoalar ligament attaches more superiorly, at the
level of the root [20]. This is particularly relevant for ac-
cess to the foramen ovale for percutaneous rhizotomy or
cavernous sinus biopsy where a mineralised pterygoalar
ligament can create a wall-like barrier lateral to the for-
amen ovale, making percutaneous access difficult or
even impossible, particularly via a trans-zygomatic ap-
proach [1, 21, 51, 64, 66, 76]. In addition, mineralisation
of either ligament may impede trans-zygomatic explor-
ation of the external skull base as well as the paraphar-
yngeal or retropharyngeal spaces [21, 60].

Following the descent of the mandibular division of
the trigeminal nerve through the foramen ovale, it
undergoes branching. Some of these pass through the
foramina created by the mineralised pterygospinous and
pterygoalar ligaments. In particular, branches to the ten-
sors tympani and veli palatini and medial pterygoid can
pass through the foramen of Civinini and motor
branches to the temporal, buccinator lateral pterygoid,
and sometimes masseter muscles may pass through the
foramen created by the pterygoalar ligament [7, 20, 22].
However, the association with neural branches is vari-
able; indeed, von Lidinghausen et al. described four po-
tential branching patterns (A-D) in relation to a
mineralised pterygospinous ligament with lateral dis-
placement of the branches to the temporalis, masseter,
and pterygoid muscles being most common and medial
displacement of the branches being least common [60].
Others have described further variations, such as div-
ision of the lingual nerve into an anterior and posterior
division by a mineralised ligament, which can increase
the risk of entrapment [77]. Entrapment may also arise
when the lingual nerve passes between an ossified ptery-
gospinous ligament and the medial pterygoid muscle [9,
67, 78]. In addition, Krmpoti¢-Nemani¢ et al. noted that
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various types of lateral pterygoid plate enlargement (in-
cluding complete ossification of the pterygospinous liga-
ment) resulted in the displacement of the lingual and
inferior alveolar branches resulting in fixation and in-
creased risk of compression [7]. It is also suggested that
a mineralised pterygospinous ligament may potentially
cause the compression of other branches of the man-
dibular nerve (auriculotemporal nerve in particular),
leading to periauricular sensory or parotid glandular
secretomotor symptoms [64, 66, 76].

Limitations

Whilst noncontrast CT provides excellent delineation of
mineralised structures, it does not allow for the detailed
visualisation of soft tissue anatomy such as nerves and
blood vessels that may be affected by ligamentous min-
eralisation. In the future, MRI may be useful in deter-
mining the precise relationships between mineralised
ligaments and local cranial nerves. In addition, given the
retrospective nature of the study, only limited clinical
data was available; therefore, it is not known whether
any of the cases included suffered symptoms in relation
to ligamentous mineralisation.

Conclusion

The presence of ligamentous skull base mineralisation is a
relatively common phenomenon on CT. These structures
can present barriers to minimally invasive surgical access
to the infratemporal fossa and increase the risk of neuro-
vascular injury at the central skull base. Furthermore, liga-
mentous mineralisation has been implicated in neural
entrapment. Therefore, knowledge of these structures is of
great importance to avoid undesirable complications.
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