Scholars Journal of Applied Medical Sciences (SJAMS)
Sch. J. App. Med. Sci., 2017; 5(11D):4600-4605

ISSN 2320-6691 (Online)
ISSN 2347-954X (Print)

©Scholars Academic and Scientific Publisher
(An International Publisher for Academic and Scientific Resources)

www.saspublishers.com

DOI:10.36347/sjams.2017.v05i11.057

Quantitation of Neurosurgical Landmarks on Human Skulls In Relation To
Sphenoidal Ridge: A Combined Anatomical and Radiological Study

Anu Sharma?, Ajay Kumar?®, Poonam Singh®, Kavita Sagger*
1-3Dept. of Anatomy, Dayanand Medical College & Hospital, Ludhiana, Punjab, India
“Department of Radiology Dayanand Medical College & Hospital, Ludhiana, Punjab, India

Original Research Article

*Corresponding author
Ajay Kumar

Article History
Received: 19.11.2017
Accepted: 24.11.2017
Published: 30.11.2017

Abstract: Sphenoid ridge, paraclinoid region and the surrounding structures are
commonly involved in conditions such as meningiomas, carotid aneurysms and fistula.
To provide accurate information the current study investigated the measurement of
sphenoidal ridge in relation to surrounding structures in three independent parts. An
anatomical study was on dry skull formalin fixed cranial cavity and computed
tomographic scans of skulls. Hundred adult skulls of unknown sex, thirty adult
formalin fixed human cadaveric heads and 100 annonymised CT images were
examined for morphometry of sphenoid ridge. The length of the sphenoid ridge on
right side was more as compared to left side on cadaveric and osteological specimen.
Sphenoid ridge documented as lengthier on radiological examination as compared to
osteological and cadaveric examination. The mean distance of crista alaris to foramen
ovale on skulls, cadavers and CT images was found to be same on both sides. The
anatomical orientation of sphenoid ridge, paraclinoid region and its distances from
vital structures help in determining the safety and precision during surgeries in this

E T Hq E area.

The prerequisite of substantial knowledge of
these landmarks is approved by many authors in
neurosurgical literature for various simple and reliable
approaches determining the strategic steps involved in
operation [1]. The importance of the sphenoid bone in
neurosurgical studies is mainly, owing to its central
position at the skull base and its relation with
significant neurovascular contents [2-4]. The sphenoid
ridge is the posterior border of the lesser wing of
sphenoid bone. Its medial end is anterior clinoid
process; the lateral end known as crista alaris extends
up to pterion [5]. The lesser wing extends across
anterior half of the body of sphenoid and joins to form a
jugum sphenoidale. This forms the elevated smooth
planum sphenodal[6]. Embryologically, the
sphenofrontal suture between lesser wing and orbital
process of frontal bone is a boundary between the
chondocranium and neurocranium[7]. The lesser wing
and its posterior edge (Sphenoid ridge) have been
referred as bony frontier between the frontal and
temporal lobes [8]. Laterally, the lesser wing
approximates the pterion at the sphenosquamasal
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.
INTRODUCTION
E Anatomy of intracranial bony landmarks provides excellent orientation to the

surgeons during various kinds of surgical procedures.

suture. That is Sylvian point. The sphenoid ridge and
surrounding structures are commonly involved in
conditions such as meningiomas, carotid aneurysms and
fistulas. For treatment of these conditions, new
procedures and techniques such as endoscopic surgery
and surgery through keyhole approaches have been
developed. In particular, during endoscopic navigation,
relationship and measurement of the sphenoid ridge and
surrounding structures is very useful. There has been an
increasing interest in the so-called minimally invasive
procedures or keyhole approaches to treating cerebral
aneurysms in specific locations. A novel keyhole
approach has been described that was conceived to
achieve the angle of vision and advantages of the
classic pterional approach. This surgical approach is
based on the anatomic location of the sphenoid ridge
and its relationship with the sylvian fissure, basal
cisterns and surrounding structures. The initial incision
is made over the hairline behind the external border of
the eye on the side selected. A skin and muscular flap is
reflected anteriorly, and a small 3 x 3-cm craniotomy is
completed around the external landmarks of the
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sphenoid ridge. The detailed anatomical knowledge of
the sphenoid ridge and its morphometry in relation to
surrounding landmarks will give more insight to
neurosurgeons in implementing surgical strategy during
surgical intervention in this region.

MATERIAL AND METHODS

After taken the Institutional ethical clearance,
the present study was conducted over a period of one
year in three parts. For part one, hundred cranial
cavities on dry human adult skulls of unknown sex and
Indian origin were studied for sphenoidal ridge
morphometry i.e. posterior edge of lesser wing of
sphenoid. Only those bones were chosen for study
which were intact and free from any pathological or
congenital anomalies. In part two, following removal of
brain, measurements were made between the sphenoidal
ridge and surrounding intracranial structures in thirty
adult  formalin-fixed  human  cadavers.  The
morphometric  analysis included the following
measurements (Figures 1, 2, 3).

e Length of sphenoid ridge measured from midline to
lateral tip of sphenoid ridge.

e  The width of lesser wing in midline.

e Distance from crista alaris to tip of crista galli

e Distance from crista alaris to foramen ovale
(mandibular nerve’s exit site).

e Distance from crista alaris to foramen spinosum
(middle meningeal artery entering the skull).

e Distance from crista alaris to tip of the posterior
clinoid process (closely related to oculomotor
nerve).

e Distance from anterior clinoid process to crista
galli.

e Distance from anterior clinoid process to foramen
spinosum (middle meningeal artery entering the
skull).

e Distance from anterior clinoid process to tip of the
posterior clinoid process (closely related to
oculomotor nerve).

e Distance from anterior clinoid process to foramen
ovale (mandibular nerve’s exit site).

Anatomical measurements were taken using a
vernier caliper (accurate to 0.1 mm), divider and scale.
Appropriate statistical analysis was done of all the
parameters on both right and left sided sphenoidal
ridge.

In part three, we evaluated the radiological
anatomy of sphenoidal ridge. A high resolution CT scan
data was collected from the hospital data pool, with
slice thickness of 1mm, contiguous non overlapping
slices, gantry setting, O degree, scan window diameter,
225 mm, pixel size more than 0.44. Identifying
information of CT scans was removed. Fossae in cranial
cavities of the CTs were studied to exclude any
pathological, congenital or traumatic problems. Finally,
100 CTs were selected. Syngo fast View (software
Registered trademark of Siemens AG, Berlin and
Munchen) was used to generate three dimensional
reconstructed CT scans. The distances of various
landmarks from the sphenoidal ridge were measured.
Appropriate statistical analysis was done of all the
parameters on both right and left sided sphenoidal
ridge.

Fig-1: Showing various measurement on dry skull

Fig-1: Measurements between the parts of lesser
wing of sphenoid and surrounding neuroanatomical
structures on human dry skull.1. Length of sphenoid
ridge measured from midline to lateral tip of sphenoid
ridge.2. The width of lesser wing in midline.3.Distance
from crista alaris to tip of crista galli .4.Distance from
crista alaris to foramen ovale.5. Distance from crista

alaris to foramen spinosum .6. Distance from crista
alaris to tip of the posterior clinoid process.7. Distance
from anterior clinoid process to crista galli 8. Distance
from anterior clinoid process to foramen spinosum.9.
Distance from anterior clinoid process to tip of the
posterior clinoid process.10. Distance from anterior
clinoid process to foramen ovale.
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Fig-2: Showing various measurement on Wet skull

Fig-2: Measurements between the parts of
lesser wing of sphenoid and surrounding
neuroanatomical structures on human wet skull.l.
Length of sphenoid ridge measured from midline to
lateral tip of sphenoid ridge.2. The width of lesser wing
in midline.3.Distance from crista alaris to tip of crista
galli .4.Distance from crista alaris to foramen ovale.5.
Distance from crista alaris to foramen spinosum .6.

Distance from crista alaris to tip of the posterior clinoid
process.7. Distance from anterior clinoid process to
crista galli 8. Distance from anterior clinoid process to
foramen spinosum.9. Distance from anterior clinoid
process to tip of the posterior clinoid process.10.
Distance from anterior clinoid process to foramen
ovale.

Fig-3: Showing various measurement of skull on computed tomography scan

Fig-3: Measurements between the parts of
lesser wing of sphenoid and surrounding
neuroanatomical structures on human dry skull.l.
Length of sphenoid ridge measured from midline to
lateral tip of sphenoid ridge.2. The width of lesser wing
in midline.3.Distance from crista alaris to tip of crista
galli .4.Distance from crista alaris to foramen ovale.5.
Distance from crista alaris to foramen spinosum .6.
Distance from crista alaris to tip of the posterior clinoid
process.7. Distance from anterior clinoid process to
crista galli 8. Distance from anterior clinoid process to
foramen spinosum.9. Distance from anterior clinoid
process to tip of the posterior clinoid process.10.
Distance from anterior clinoid process to foramen
ovale.

RESULTS

The data from the measurements of our series
1-10 of material and methods are given in table 1 (dry
skulls), table 2 (wet skulls) and table 3 (CT scans).
Dry Skull Study

Mean length of sphenoidal ridge was found to
be as 4.3cm and 4.2 cm on both right and left side
respectively (Table 1). It was observed that in 75% of
cases, the length of sphenoidal ridge was 4.1 cm on
both sides. The mean distance of crista alaris to foramen
ovale was found to be same on both the sides, that is 4.3
cm (Table 1). Table 1 details the various measurements
taken from crista alaris and anterior clinoid process to
surrounding landmarks in the interior of skulls.Wet
Skull study

Mean length of sphenoidal ridge was found to
be as 4.3cm and 4.2 cm on both right and left side
respectively. 71% of cases had sphenoidal length as 4.3
cm on both sides. The mean distance of crista alaris to
foramen ovale recorded to be as 4.5 cm on both sides
(Table 2). Table 2 details the measurements of
parameters taken from crista alaris and anterior clinoid
process to surrounding landmarks in the cranial cavity.

CT scan study in the current study, mean
sphenoidal ridge length was found to be 4.9 and 4.8 cm
on right and left side respectively (Table 3). The mean
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distance of crista alaris to foramen ovale was observed
as 4.6 cm on both the sides. Table 3 details the
measurements of various parameters taken from crista

alaris and anterior clinoid process to surrounding
landmarks in cranial cavity.

Table-1: Morphometric Data from measurements of the parameters on dry skull

Right Side Left Side
Parameters | Range | Mean+SD (cm) | Range | MeanSD (cm)
1. 3.5-44 | 4.3t1.8 3.6-4.3 | 4.2£1.3
2. 15-23 | 1.4+14 1.2-3.0 | 1.7£1.9
3. 4.3-5.0 | 4.7£1.9 4.1-4.9 | 45£2.0
4. 3.9-5.1 | 4.3t1.6 3.9-5.0 | 4.3£2.2
5. 4.0£5.2 | 49420 3.9-5.0 | 4.8£1.6
6. 3.0-5.9 | 4.9+1.3 3.0-5.8 | 4.8£1.5
7. 2.9-563 | 4.1£15 3.1-5.2 | 4.2+1.4
8. 2.6-4.1 | 3.2+1.2 2.8-4.0 | 3.1+1.7
9. 0.7-28 | 1.1+1.7 1.1-2.2 | 1.3£1.6
10. 2.0-3.3 | 2.7£2.1 2.3-35 | 2.7+1.2

*measurements of our series mentioned in material and methods section

Table-2: Morphometric Data from measurements of the parameters on wet skull

Right Side Left Side
Parameters | Range | MeanzSD (cm) | Range | MeanSD (cm)
1. 4.7-52 | 4.3£2.2 4.6-5.0 | 4.242.2
2. 1.3-1.8 | 1.4+16 1.3-2.1 | 1.8+2.3
3. 4.9-55 | 5.0+1.8 4.9-54 | 5.1+2.1
4. 4.4-52 | 45114 4.1-51 | 45411
5. 45-55 | 5.2+1.6 4.3-51 | 48+1.4
6. 4.6-5.6 | 5.1-+1.8 45-55 | 4.84£1.6
7. 4.3-55 | 4.6£1.2 4.1-51 | 44417
8. 2.8-3.8 | 3.4+£1.1 2.5-35 | 3.2+1.9
9. 0.8-22 | 1.4+1.4 9-2.0 |1.3+19
10. 2.2-3.2 | 2.6£15 2.1-33 | 2714

*measurements of our series mentioned in material and methods section

Table-3: Morphometric Data from measurements of the parameters on CT scan

Right Side Left Side
Parameters | Range | Mean£SD (cm) | Range | Mean+SD (cm)
1. 4.8-5.1 | 49423 4.7-5.0 | 4.842.2
2. 1.2-1.8 | 1.3+2.1 1.2-2.0 | 1.9+1.9
3. 4.8-55 | 4.9+£1.9 49-55 | 5.0£1.6
4. 4.4-51 | 4.6£1.6 4.0-5.0 | 4.6£15
5. 45-54 | 5.1+14 4.2-5.0 | 49418
6. 4.6-5.,5 | 5.0£1.7 45-54 | 49413
7. 4.3-5.3 | 4.5£2.0 4.1-5.0 | 44416
8. 2.7-3.8 | 3.4£1.8 2.5-34 | 3.1+1.9
9. 0.8-2.1 | 1.3£1.6 0.9-1.9 | 1.2+#15
10. 2.2-31 | 2.7+¢14 2.1-3.0 | 2.5+1.6

*measurements of our series mentioned in material and methods section

DISCUSSION

The sphenoid bone is situated at the base of the
skull in front of the temporal and basilar part of the
occipital. It somewhat resembles a bat with its wings
extended, and is divided into a median portion or body,
two great and two lesser wings extending outward from
the sides of the body, and two pterygoid processes

which project from it below. The sphenoid ridge is the
posterior border of the lesser wing of sphenoid bone. Its
medial end is the anterior clinoid process and lateral
point is known as crista alaris.

The sphenoid bone is cartilaginous in origin
and develops from presphenoidal and postsphenoidal
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part during fourth week of gestation. Presphenoidal and
postsphenoidal part fuses about the eighth foetal week
[9]. The sphenoid bone has nineteen separate
endochondral and intermembranous centers [10]. The
major cartilageonous precursor of the sphenoid bone are
the  alisphenoid,  presphenoid,postsphenoid  and
orbitosphenoid [11] . The sphenosquamosal suture
between the lateral tip of lesser wing (crista alaris and
crista sylvii) and squamous temporal bone near the
pterion ossifies in early childhood [12]. The sphenoid
ridge shows various anomalies, one of the anomaly
reported is pneumatization of the sphenoid ridge and
fusion of lesser wing of sphenoid with greater wing of
sphenoid bone, as they form superior orbital fissure [5]

The meningiomas of sphenoid ridge along with
the parasagittal meningiomasn [13]. Neurofibromatosis
type | has sphenoid dysplasia, it may be due to neural
crest disturbances associated with neurofibromatosis
causes the sphenoid body dysgensis[14].

The sphenoid ridge and the surrounding
structures are commonly involved in conditions such as
meningiomas, carotid aneurysms and fistulae. For
treatment of these conditions, new procedures and
techniques such as endoscopic surgery and surgery
through keyhole approach have been developed.
Removal of the inner part of the lesser wing forming the
part of orbital roof and diploic part of the sphenoid bone
has been reported to be appropriate for certain
approaches. However, a careless approach may result in
penetrating into the orbit and cavernous sinus [15].The
removal of the outer side of the lesser wing through the
superior orbital fissure was reported to increase the
exposure [16]. The lesser wing can also be used as
guide from lateral to medial, to approach the cavernous
sinus [17]. The current study aims at measuring the
sphenoidal ridge and the distances from it to vital
structures in the cranial cavity.

Most of the available study provides data from
western population that cannot be relied upon for any
kind of intervention in Indian population. In this study,
focus was mainly on surgically crucial parameters
which could be useful for successful instrumentation.
The average linear length of the right and left of lesser
wings of dry skull were 4.3cm and 4.2cm respectively
in our study. The values obtained from the wet skulls
were 4.3cm and 4.2cm respectively. There was no
significant difference between the measurements made
on dry and wet skulls (p>0.05). This conforms to earlier
study done on Sri Lankans[18] . The readings for all
parameters showed a narrow range in our study. It
therefore, appears that the chosen parameters do not
show wide variation among Indians.

Our current study found the most structures in
which distances were measured were on average 1.8-6.0

cm away from any part of sphenoid ridge. Similar
findings were reported in one of the earlier studies [5].
Most of the distances measured on CT scan images
were observed to be of higher values than
measurements on dry and wet skulls. This difference
may be due to shrinkage or demineralization [19].

CONCLUSION

Detailed knowledge of sphenoid ridge is
essential for both preoperative and postoperative
strategy and it can lower the risk of unwanted
complication  during  neurosurgical  approaches.
Moreover it will give surgeon sense of depth during
exposure of a different pathological entity (tumors and
aneurysm). In the present study, an attempt is made to
determine distances of surgically important landmarks
from sphenoid ridge for Indian population which could
serve as a future reference.
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