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Investigation of sphenoid spine
morphometry for skull base surgery and
relation to foramen spinosum localization
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SUMMARY

Our study aimed to investigate the sphenoid
spine morphological characterization, as well as
the distances to important surgical points and its
relation to foramen spinosum localization. On a
total of 65 skulls, the distances of the sphenoid
spine to various surgically important anatomical
landmarks were measured from both the right
and left sides. The length of the sphenoid spine
was measured and classified morphologically.
Localization of the foramen spinosum relation to
the sphenoid spine was evaluated. The sphenoid
spine length was statistically different which was
found to be 6.71+1.97 and 6.14+1.93 on the right
and left sides, respectively (p=0.027). The most
commonly encountered shape of the sphenoid
spine on both sides was quadrangular, followed
by spine shape. The foramen spinosum was most
frequently located anteromedially and least fre-
quently located anterolaterally in relation to the
sphenoid spine. In our study, it was determined
that the localization of the foramen spinosum is
associated with the shape of the sphenoid spine,
on both the right (p=0.012) and left (p=0.016)
sides. Our study provides morphometric data on
the sphenoid spine and reports the association

between the localization of the foramen spinosum
and the type of sphenoid spine.
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INTRODUCTION

The sphenoid spine, described as spina oss-
is sphenoidalis in anatomical terminology, is a
pointed protrusion extending downward from the
junction of the squamosal and posterior borders
of the greater wings of the sphenoid bone. Three
ligaments, ligamentum sphenomandibulare, mal-
lei anterius and pterygospinosus, two muscles,
musculus tensor veli palatini and tensor tympani,
are attached to the sphenoid spine. Furthermore,
it is adjacent to the cartilaginous part of the exter-
nal auditory canal and chorda tympani medially,
and to the auriculotemporal nerve laterally (In-
fant Reshawn and Yuvaraj Babu, 2020).

Technological advancements have significantly
expanded the range of areas accessible through
endoscopic approaches in skull base surger-
ies, but the complications attributed to these
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approaches have also increased proportional-
ly (Fang et al., 2020). The internal carotid artery
(ICA) is the most feared structure by endoscopic
surgeons for its complications in skull base sur-
geries. In particular, there is a lack of anatomical
landmarks that allows the safe exposure of the
cervical portion of the ICA, which is surrounded
by soft tissues throughout the parapharyngeal
area in infratemporal fossa, and access to this
segment of the ICA is less defined (Liu et al., 2019;
Fang et al., 2020). In endoscopic transpterygoid
approach, the pterygoid plate, mandibular nerve,
Eustachian tube, and styloid process have been
reported as reliable landmarks for reaching the
parapharyngeal ICA (Falcon et al., 2011). Liu et al.
(2014) reported that the sphenoid spine and fora-
men spinosum are anatomical landmarks for the
cartilaginous and bony junction of the Eustachian
tube, and parapharyngeal ICA was located imme-
diately posteroinferior to the sphenoid spine. Liu
et al. (2019) also found that the sphenoid spine,
tympanic crest and vaginal process of tympanic
bone were the closest anatomical landmarks to
the parapharyngeal ICA in the endoscopic trans-
masticator approach. Li et al. (2022) reported
that in transoral nasopharyngectomy, it is man-
datory to define the parapharyngeal ICA before
transection of the Eustachian tube, and the best
landmarks defining it are the sphenoid spine, the
petrotympanic fissure and the pterigoid hamulus.

The foramen spinosum, through which the mid-
dle meningeal vessels and the meningeal branch of
the mandibular nerve pass to middle cranial fossa,
is located in the greater wing of the sphenoid bone.
It is named ‘spinosum’ due to its close proximity
to the sphenoid spine, and it is described in clas-
sical anatomy texts to be located on the antero-
medial side of sphenoid spine (Worku and Clarke,
2021; Sugano et al., 2022; Sink et al., 2023). Al-
though it has been evaluated in very few studies
in the literature, it is observed that the localization
of foramen spinosum varies relation to the sphe-
noid spine (Sophia and Kalpana, 2015; Worku and
Clarke, 2021; Sink et al., 2023). The localization
of the foramen spinosum is important in various
procedures, such as endovascular embolization
of dural arteriovenous fistulas and meningiomas
through the middle meningeal artery (Sink et al.,

2023), in bypass operations where middle menin-
geal artery is used as a graft (Sophia and Kalpana,
2015). Also, it has been reported that anatomical
variations of the foramen spinosum may be asso-
ciated with abnormal development of the middle
meningeal artery (Sugano et al., 2022). Therefore,
a more detailed understanding of the localization
of the foramen spinosum is necessary in the pre-
operative assessment of possible changes in the
trajectory of neurovascular structures. The sphe-
noid spine is used as a landmark during infratem-
poral surgical approaches due to its close prox-
imity to the foramen spinosum, parapharyngeal
ICA, Eustachian tube and chorda tympani (Worku
and Clarke, 2021). Despite its clinical importance,
there is a lack of data in the literature regarding the
anatomical variations of the sphenoid spine, and
studies investigating its relationship with adjacent
structures are insufficient. In the present study,
considering the importance of the topography of
the sphenoid spine and foramen spinosum in skull
base surgeries, to the aim was to examine in more
detail the relation between the foramen spinosum
to the sphenoid spine, as well as the morphometric
analysis of sphenoid spine with related structures.

MATERIALS AND METHODS

In this study, 65 adult skulls of unknown gender,
obtained from the bone archive of Aydin Adnan
Menderes University, Faculty of Medicine, Depart-
ment of Anatomy, were used. Damaged skulls that
did not allow examination of the targeted struc-
tures were not included in the study. The distance
of the sphenoid spine to the tip of mastoid process
(SMP), to the tip of tuberculum articulare (STA), to
the anterior border of the external orifice of the
carotid canal (SCC), to the point where the sutura
sphenosquamosa intersects the crista infratem-
poralis (SO), to the most lateral (SPF1) and medial
(SPFm) endpoints of the petrotympanic fissure, to
the sphenoidal tubercle (STS), and the length of the
sphenoid spine (SL) were measured on the right
and left sides, using a digital Vernier caliper (eSyn-
ic, Hong Kong, China) with a precision of 0.01 mm.

The morphological characterization of the sphe-
noid spine was classified into five types: spine,
quadrangular, pyramidal, plate and cup-shaped,
as shown in Fig. 1.



Fig. 1.- Examples of sphenoid spine morphological types.

The localization of the foramen spinosum re-
lation to the sphenoid spine was examined from
the basis cranii externa. A sagittal line was passed
through the center of the foramen spinosum as
shown in Fig. 2. The location of the foramen spi-
nosum was classified as medial (M), lateral (L), an-
terior (A), anteromedial (AM), anterolateral (AL)
and anterior-on-the-line (AO), medial-on-the-line
(MO) and lateral-on-the-line (LO).In M and L place-
ment, the line passed through the medial and lat-
eral sides of the sphenoid spine while intersected
with the sphenoid spine in A placement. In the AM
and AL placement, the foramen spinosum was in

front of the sphenoid spine and the line was on
the medial and lateral sides of the sphenoid spine,
respectively. Skulls with a line transition similar
to the M, L and A placement of the foramen spi-
nosum, but where the middle meningeal artery
groove was observed on the sphenoid spine root,
were classified as MO, LO and AOQ, respectively.

SPSS (Version 22.0, SPSS Inc., Chicago, IL, USA)
program was used for statistical analysis of the
data. The distribution pattern of the data was
evaluated with the Kolmogorov Smirnov test, and
paired-t test was applied to compare the right and
left morphometric parameters. Chi-square test

Fig. 2.- The foramen spinosum localization in relation to the sphenoid spine: medial (M), lateral (L), anterior (A), anteromedial (AM),
anterolateral (AL) and anterior-on the line (AO), medial-on the line (MO) and lateral-on the line (LO). The black arrows show the
middle meningeal artery groove observed at the root of the sphenoid spine.
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Table 1. Mean, minimum and maximum values of morphometric parameters. See material and methods section for abbreviations.

Right side

Left side

meanitsd (min-max) meanisd (min-max) ?S‘i,;.l;?taile d)
n=65 n=65

STA 29.08+2.67 (22.7-35.6) 28.57+2.36 (22.1-34.3) 0.71

SMP 32.97+2.79 (26.6-44,1) 33.67+2.93 (25.8-41.4) 0.63

SPF1 23.98+3.03 (17.5-30.4) 23.79+2.68 (18-29.6) 0.602

SPFm 4.05+1.27 (2.2-5.8) 4.21+1.27 (2.1-6.3) 0.512

SO 29.98+4.17 (21.3-40.4) 29.76+4.01 (20.7-39.9) 0.635

SCC 6.53+1.86 (2.2-11.1) 6.74+2.28 (2.4-12.4) 0.426

STS 33.13+3.57 (20.5-41.4) 33.37£4.94 (25.3-42.7) 0.729

SL 6.71+1.97 (2.3-10.7) 6.14+1.93 (2-10.4) 0.027

sd: standart deviation, The p values represent the diference between left and right sides

was used to evaluate the localization of the fora-
men spinosum according to sphenoid spine mor-
phological types.

RESULTS

The descriptive statistics of the morphometric
measurements we conducted are indicated in
Table 1. In comparing the morphometric mea-
surements between the right and left sides, it was
found that only the length of the sphenoid spine
was statistically higher on the right side (p=0.027).

The most commonly encountered morpholog-
ical type of the sphenoid spine on both the right
and left sides was quadrangular, 35.35% of the

total, followed by a spine shape. On the left side,
the least encountered morphological type of the
sphenoid spine was plate-shaped (10.8%), while
on the right side, it was cup-shaped (12.3%).
We found that the tip of the sphenoid spine
was bifurcated unilaterally in a total of 3 skulls
(4.61%), one with pyramidal and two with quad-
rangular shape. Additionally, pterygospinous
bar and pterygospinous foramen, formed by
the ossification of the pterygopinous ligament,
were detected unilaterally on two sides (1.53%).
The mentioned variations are shown in Fig. 3.
Morphometric measurement mean values and
frequency of sphenoid spine types are given in
Table 2.

Table 2. Morphometric parameters in sphenoid spine morphological types. See material and methods section for abbreviations.

Spine Quadrangular

Right side Left side Right side Left side

Pyramidal Cup

Right side

Plate

Left side Right side Left side Right side Left side

n=15.23.1% n=12.18.5% n=22.33.8% n=24.36.9% n=10.15.4% n=11.16.9% n=11.16.9% n=8.12.3% n=7.10.8% n=10.15.4%

STA 27.91+2.16 = 27.84+2.08 = 29.81+2.84 = 28.9£2.58 | 29.02+25.5  29.2+2.01 = 29.4+2.05 28.1+1.92 @ 28.6+3.84 28.1+2.81
SMP 32.6+2.44 32.3+3.41 33.3+3.66 33.8+£2.55 32.06+1.6 = 33.8%2.64  33.38+1.87 35.1+3.85 33.243.21 33.4£2.5
SPFI 23.7+3.25 23.09+3.1 24.1+3.23 23.9+£2.89 24.3+3.15 = 24.1+2.68 @ 24.3+2.93 23.4£1.4 | 22.8+2.31 @ 24.05%26
SPFm 4.97+1.12 4.12+0.8 3.96+0.75 4.01+1.04 4.62+1.2 4.34+0.92 = 3.92+0.76 4.3+1.11 3.2+0.76 3.5+0.88
SO 29.5+5.59 27.8+3.52 29.9+£3.18 30.24+4.2  32.07+4.09 30.13+3.5 = 29.3#3.04  28.3%3.26 = 29.1+5.23  31.6+4.31
SCC 6.6+2.17 6.51+2.23 6.57+2.15 6.55+2.47 5.6%1.27 7.81+1.57 = 7.08%1.66 7.5%2.9 6.68+1.01 = 5.69+1.68
STS 32.4+3.51 32.36%3.9 33.2+3.36 33.5%£2.63 34.8+2.31 = 35.38+2.7 = 32.9+3.14 33.31#4.11 32.1+6.02  31.89+10
SL 6.8+2.45 6.37+1.63 6.7+2.05 5.66+1.85 7.18+0.94 = 5.09+1.13 @ 6.67+1.65  4.87+195 @ 5.98+2.39 5.4+2.01
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Fig. 3.- A: Bifurcated sphenoid spine. B: White arrow indicates pterygospinosus foramen (Civinini’s foramen).

As shown in Table 3, it was determined that the sociated with the morphological type of the sphe-
foramen spinosum is frequently located in the an- noid spine on both sides.
teromedial aspect of the sphenoid spine on both
sides. It can be said that the foramen spinosum is DISCUSSION

frequently located anteromedially in skulls with The safe exposure of the parapharyngeal seg-

spine, quadrangular, and pyramidal shapes of the ment of the ICA is necessary for many surgical
sphenoid spine, while in plate shape, lateraliza-  procedures that will be performed through the
tion of the foramen spinosum is more commonly infratemporal fossa. In addition to the sphenoid
observed. According to the Chi-square test result, spine being an important anatomical landmark
the localization of the foramen spinosum was as- for identifying the internal carotid artery, its re-

Table 3. Foramen spinosum localisation according to sphenoid spine morphology: medial (M), lateral (L), anterior (A), anteromedi-
al (AM), anterolateral (AL) and anterior-on the line (AO), medial-on the line (MO) and lateral-on the line (LO).

A M L MO AM AO AL LO
Right Left Right Left Right Left Right Left Right Left = Right Left Right Left Right Left P
%4.6 %4.6 %9.2 %9.2 %6.2 %6.2 %4.6 %1l.5 %33.8 %38.5 %33.8 %26.2 %7.7 %10.8 = %3.1
Spine 1 0 1 1 0 0 2 1 5 6 6 3 0 0 0 1
Quadrangular 0 3 1 1 0 2 1 0 10 9 9 8 1 0 0 1
0.012a
Pyramidal 1 0 1 1 0 0 0 0 5 6 2 4 1 0 0 0
0.016b
Cup 1 0 3 2 2 0 0 0 2 3 3 1 0 2 0 0
Plate 0 0 0 1 2 2 0 0 0 1 2 1 3 5 0 0

The Pearson Chi square p values represent the location of the foramen spinosum is related to the type of sphenoid spine on the
right® and left® sides
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lationship with the position of the foramen spi-
nosum is also clinically important. However, its
anatomical variations and relationships with oth-
er structures in the infratemporal fossa have not
been precisely elucidated.

In this study, we did not find statistical differ-
ence between the right and left sides in SMP and
STA values similar to Infant Reshawn and Yu-
varaj Babu (2020). They reported SMP values in
30 skulls as 30.56+1.10 mm and 30.66+1.12 mm,
STA values as 22.07+2.12 mm and 22.13+2.12
mm, on the right and left sides, respectively.
While the SMP values in our study are close to
their findings, our STA values are higher. Liu and
Yi (2020) defined the intersection point of the
sphenosquamous suture with the infratemporal
crest as “point O’, and reported that point O can
be used as a reliable landmark in lateral skull base
surgeries when other landmark points cannot be
identified. Our distance values between the sphe-
noid spine and O point were not statistically dif-
ferent between the right and left sides. However,
they were found to be distributed in a wide range,
21.3 mm-40.4 mm and 20.7 mm-39.9 mm, re-
spectively. Another surgical reference point used
in infratemporal fossa surgeries is a bony promi-
nence located at the anterior end of the infratem-
poral crest, referred to as the sphenoidal tubercle
in the literature. It is confused with the sphenoid
spine in some studies (Stajcic et al., 2010; Rusu et
al., 2019). Our mean STS values on the right and
left sides were found to be quite close to each oth-
er. The lateral pterygoid muscle, the only muscle
responsible for opening the jaw, attaches to the
sphenoidal tubercle, and the sphenomandibular
ligament, extending between the sphenoid spine
and mandibular lingula, is tense when the jaw is
open (Simonds et al., 2017). Therefore, the anat-
omy of the sphenoid spine and the sphenoidal
tubercle may be related. Furthermore, it is re-
ported that there is a close relationship between
the temporomandibular joint and the middle ear,
explained by the presence of the discomalleolar
ligament, anterior mallear ligament and the sphe-
nomandibulare ligament. It is considered that the
presence of otological symptoms in patients with
temporomandibular joint disorders may be asso-
ciated with the petrotympanic fissure morpholo-

gy and ossification. (Almasan et al., 2022). We did
not find difference for SPFm and SPFI between the
right and left sides. As seen in Table 2, the SPFm
distance was the lowest in plate-shaped sphenoid
spines. Considering the frequent lateral place-
ment of the foramen spinosum in these shapes,
it can be said that, as mentioned by Sugano et al.
(2022), the foramen spinosum is very close to the
petrotympanic fissure in these skulls. Liu et al.
(2019) reported that the distance from the sphe-
noid spine to the external orifice of the carotid
canal, from 2.5 to 6.1 mm, was highly variable. Al-
though our data are variably similar to their find-
ings, ranged from 2.2 to 11.1 and 2.4 to 12.4 on
the right and left sides, respectively, they reveal
a significantly higher maximum value. Our SCC
findings are closer to the values reported by Sink
et al. (2023) as 8.02+1.35 mm (5.13 mm-13.60
mm) and 8.22+1.47 mm (5.04 mm-14.97 mm) on
the right and left sides, respectively. Li et al. (2019)
reported that the sphenoid spine length was also
variable. We found that only the sphenoid spine
length was statistically different between the right
and left sides and our mean values are close to
their finding of 5.98 mm. They reported that the
tip of the sphenoid spine bifurcated in 10% of the
specimens, which is higher than the rate of 3.07%
we identified. However, they used only 10 skulls.
Iwanaga et al. (2020), detected bony pterygospi-
nosus bar on two sides (%6.66) in 15 cadaveric
head specimens which was higher than our study
(Fig. 3).

In the literature, only Infant Reshawn and Yu-
varaj Babu (2020) categorized sphenoid spine
morphology as sharp, rounded, blunt, and point-
ed in 30 skulls. However, they did not provide
detailed information or examples related to this
morphological classification in their reports. We
classified sphenoid spine types into 5 categories,
as seen in Fig. 1. Infant Reshawn and Yuvaraj
Babu (2020) most commonly identified a rounded
shape. Interestingly, we found that the sphenoid
spine, which we know as a spiny protrusion, was
often quadrangular shape not spiny. A significant
association were found between the morphologi-
cal shape of the sphenoid spine and the location of
the foramen spinosum on both sides. Worku and
Clarke (2021) and Sophia et al. (2015) classified



the position of the foramen spinosum in relation
to the sphenoid spine as normal (anteromedi-
al), lateral, and medial placements. Worku and
Clarke (2021) found that the foramen spinosum
anteromedially located in 61 of a total of 64 skulls.
Sophia et al. (2015) reported that the rate of an-
teromedial location of the foramen spinosum as
25% in 40 skulls on 80 sides. The total anterome-
dial placement percentage of our study is 36.15%,
lower than Worku and Clarke (2021) and higher
than Sophia et al. (2015). Worku and Clarke (2021)
reported lateral and medial placement on 4 and 2
sides, respectively. Sophia et al. (2015) reported
the highest lateral placement on 21 sides, medi-
al placement on three sides. Sugano et al. (2022)
detected laterally located foramen spinosum on
2 sides in 30 skulls. In this study, we classified
the position of the foramen spinosum relation to
sphenoid spine in more detail, as merely classi-
fying it as lateral and medial did not provide an
assessment in the anteroposterior direction, as in
its normal anatomical position. The classification
by Sink et al. (2023) of foramen spinosum local-
ization is similar to our study, but they did not
evaluate the relation of the sphenoid spine mor-
phological types with foramen spinosum localiza-
tion. They found posterolateral (%3.5), postero-
medial (%0.39), and posteriorly (%0.78) located
foramen spinosum, although we did not identify
any in our skulls. While their percentages of an-
teromedial (%48.64), anterolateral (%20.3) and
anteriorly (%14.79) located foramen spinosum
are higher than in our study, the lateral placement
value is close to the findings of our study (%5.84).

CONCLUSION

The relationship between foramen spinosum
localization and sphenoid spine shape, as we
have determined in our study, the increased lat-
eralization of foramen spinosum in plate shaped
sphenoid spine may affect the course of the mid-
dle meningeal artery, nervus spinosus, chorda
tympani and auriculotemporal nerves. Therefore,
variations in anatomical structures and their rela-
tionships with each other should be considered in
the evaluation of pathologies in the middle crani-
al fossa and in the planning of surgical interven-
tions for this region.
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