3

CRANIAL VAULT,
MENINGES, AND
CEREBROSPINAL
FLUID
Objectives
Identify the position and names of the foramina and
fissures that are on the cranial floor within the cranial
fossa.
Identify the cranial nerves and blood vessels that
course through these openings and understand
the clinical presentation of damage to these
nerves and blood vessels.
Describe the arrangement of the meninges
surrounding the brain and the formation of
dural venous sinuses,
Especially the implications of infections of the
cavernous sinus with damage to five cranial
nerves.
Define the development and clinical
consequences of intracranial hematomas
within the epidural, subdural, and
subarachnoid spaces.
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Foramina and Fissures of the Cranium
The skull forms a rigid and protective housing for the CNS within the cranium. The floor of
the cranial cavity is divided into the anterior, middle, and posterior cranial fossae. The
anterior fossa is at the most superior level and the posterior fossa is at the most inferior
level. These fossae are in contact with (or accompanied by) different parts of the brain
and also contain foramina and fissures that allow the nerves and vascular structures
to enter or exit the cranial cavity. Knowledge of the structure related to the floor of the
cranial cavity is clinically important.
The fossae and the openings in the floor of the cranial fossae with the structures that
pass through are illustrated in Figure 3.1.
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FIGURE 3.1 Cranial Floor - Foramina and Fissures
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The foramina and fissures on the base of the skull with the major structures passing
through are illustrated Figure 3.2:
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FIGURE 3.2 Base of Skull - Foramina and Fissures

Clinical Application
Head trauma can cause skull fractures that can result in:
1. Meningeal tears and CSF leakage
2. Hematomas
3. Contusion of the brain
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The brain within the cranial vault is invested by and protected by three connective tissue
layers: 1. pia mater, 2. arachnoid, 3. dura mater. The dural meninges are innervated by all
three divisions of C.N.V. The meninges are illustrated (Fig. 3.3) and described below:
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FIGURE 3.3 Cranial Cavity: Frontal Section
1.

The pia mater is the innermost layer. It is a very thin, delicate, vascular layer that
tightly adheres to the surface of the brain and follows the course of the gyri and sulci.
The pia mater envelops blood vessels on the surface of the brain.

2. The arachnoid is the middle layer. It is a translucent, soft, spider-web like layer that
loosely surrounds the brain. The subarachnoid space lies between the pia mater
and the arachnoid layers and contains cerebrospinal fluid (CSF) that is formed
by the choroid plexuses of the brain. The pressure within the subarachnoid space
opposes the arachnoid layer against the inner surface of the dura mater. Arachnoid
granulations are extensions of the arachnoid layer into the superior sagittal dural
venous sinus and are the sites where CSF returns to systemic circulation.
3. The dura mater is the outermost layer. It is a tough, fibrous bag consisting of dense
connective tissue that forms a strong protective covering. The cranial dura is
composed of two layers: an external periosteal layer and an internal meningeal layer.
Except where they separate to form the dural venous sinuses, the two layers are fused
together as a single layer.The dura mater has most of its sensory innervation provided
by branches of the three divisions of the trigeminal nerve.
a. The outer periosteal layer is attached to the inner surface of the bones of the skull
and can be pulled away from the inner surface of the bones. The potential space
between the periosteal layer and the skull is the epidural (extradural) space (site
of the epidural hematoma).
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b. The inner meningeal layer of dura forms the true dura and is continuous with the
spinal dura at the foramen magnum and is sensitive to pain. At certain places in
the cranial vault, the meningeal dura forms foldings or duplications (falx cerebri,
tentorium cerebelli, and diaphragma sellae). These duplications are folds of
meningeal dura which divide the cranial vault into smaller compartments that
house and support different parts of the brain. The falx cerebri separates the
right and left cerebral hemispheres. The tentorium cerebelli forms the roof of the
posterior cranial fossa. The tentorium forms a midline tentorial notch for passage
of the midbrain of the brainstem. The tentorial notch is the site of uncal herniation.
The meningeal layer and the arachnoid follow a common course. The potential
space between them is the subdural space (site of the subdural hematoma).

c. The two layers of dura are fused together for most of their intracranial course
but do separate at certain locations to form vein-like dural venous sinuses that
collect and drain blood from the cranium.
4. The meninges and the cerebrospinal fluid provide a significant degree of protection
to the central nervous system
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Meningeal Spaces and their Relationship to Intracranial
Hemorrhages
1.
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The epidural (extradural) space is a potential space located between the inner
surface of the skull bones and the periosteal dural layers. The middle meningeal
artery enters the cranial vault via the foramen spinosum and travels in the epidural
space to provide blood supply to the dura mater. Trauma to the head may result in
rupture of this artery and produce a lens-shaped epidural hematoma (Fig. 3.4A).
Epidural hematomas do not extend beyond sutures where the periosteal dura is more
firmly attached. Epidural hematomas are acute and requires emergency surgery.

2. The subdural space is another potential space that is located between the
meningeal dural and the arachnoid dural layers. This space is traversed by bridging
veins which can rupture following head trauma resulting in crescent-shaped
subdural hematoma (Fig. 3.4B). Usually, this hematoma takes days to weeks to show
symptoms.
3. The subarachnoid space is found between the pia mater and the arachnoid layers.
This is a pressured space containing cerebrospinal fluid that circulates around and
bathes the central nervous system. Arterial rupture at the circle of willis results in a
berry aneurysm with bleeding into this space.

FIGURE 3.4A Epidural Hematoma; James Heilman,
MD [CC BY-SA 4.0 (https://creativecommons.org/
licenses/by-sa/4.0)], CT.

FIGURE 3.4B Subdural Hematoma; Lucien Monfils [CC
BY-SA 3.0 (https://creativecommons.org/licenses/
by-sa/3.0)], CT.

Figure 3.4 Intracranial Hemorrhages
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Dural Venous Sinuses

Dural venous sinuses are vein-like spaces formed between the periosteal and meningeal
dural layers where they separate from each other. Most of these sinuses develop within
two of the major duplications formed by the meningeal dural layer: falx cerebri and the
tentorium cerebelli. The sinuses have no valves or smooth muscle walls. The venous
flow within the sinuses will collect into the internal jugular vein and drain from the cranial
cavity at the jugular foramen.
Note there are three primary structures that drain into the dural venous sinuses:
1.

Bridging veins (draining neural tissue)

2. Emissary veins ( draining between extracranial and intracranial)
3. Arachnoid granulations (drain CSF).

The major dural venous sinuses are the:
1.

Superior sagittal sinus

2. Inferior sagittal sinus
3. Straight sinus
4. Confluence of the sinuses
5. Transverse sinus
6. Sigmoid sinus

7. Cavernous sinus

8. Superior and Inferior petrosal sinuses
The arrangement and location of dural sinuses within the cranial vault are illustrated in
Figure 3.5:
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FIGURE 3.5 Dural Venous Sinuses
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The paired cavernous sinuses (Fig. 3.6) are clinically important because they contain
the courses of five cranial nerves and their pathological involvement with infections. The
cavernous sinuses are found on either side of the body of the sphenoid bone and are
formed between the meningeal and periosteal layers of dura mater.
1.

The sinuses receive venous flow from the deep veins of the face (pterygoid plexus of
veins) and the ophthalmic veins (drain the orbit via the superior orbital fissure).

2. Venous flow drains posteriorly from the cavernous sinus via the superior petrosal and
inferior petrosal sinuses into either the transverse sinus or the junction of the sigmoid
sinus with the internal jugular vein.
3. The cavernous sinus is of clinical importance because it contains five cranial nerves.
Four of these nerves are located in its lateral wall ( III, IV, and the ophthalmic, and
maxillary divisions of V). Cranial nerve VI and the internal carotid artery (with
attached postganglionic sympathetic fibers) are located centrally in the sinus.
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1. Oculomotor nerve (III)
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Internal
cartoid artery
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Subarachnoid
space
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5. Maxillary nerve

Sphenoid sinus

Nasopharynx

FIGURE 3.6 Cavernous Sinus
Cavernous Sinus Thrombosis
Thrombi can form within the cavernous sinus as a result of bacterial infection. Infections
can spread from the skin of the face via veins draining through the orbit (ophthalmic
veins) into the sinus or from infections that spread through veins draining the deep face.
1.

Thrombi will impede blood flow with swelling and increased pressure in the sinus.

2. Pressure in the sinus can damage the three motor ocular cranial nerves (III, IV, and VI)
and result in diplopia.

3. Cranial nerve VI is compressed first, producing internal strabismus and diplopia. Later,
all three of the ocular nerves will be affected, with total paralysis of all six extraocular
muscles and the levator palpebrae muscle (ptosis).
4. Sensory deficits occur on the areas of the face supplied by the ophthalmic and
maxillary nerves.

5. Horner syndrome is present due to damage of the postganglionic sympathetic
fibers traveling on the carotid arteries.
7

3

Neuroanatomy

Cerebrospinal Fluid

Cerebrospinal fluid (CSF) is a colorless fluid and contains few cells and little protein.
It circulates within the ventricles of the brain and into the subarachnoid space.
Approximately 70% of the CSF volume (average: 125-150ml) is produced by the choroid
plexuses within the lateral, third, and fourth ventricles. From the ventricles CSF passes
into the subarachnoid space where CSF circulates and is returned to the systemic
circulation via the arachnoid granulations located within the superior sagittal sinus.
CSF provides a hydraulic cushioning effect for the CNS, helping to reduce damage by
trauma. It also bathes the CNS providing some nutritional support. CSF is produced and
absorbed continually.

CSF Circulation
CSF circulates through a series of ventricles within the brain and enters the subarachnoid
space via the paired, lateral foramina of Luschka and the single, median foramen of
Magendie (Fg. 3.4). The lateral ventricles are the largest and form horns that extend in all
four lobes of the cerebrum.
The route of circulation of CSF is illustrated in the figure below.
Lateral ventricle:
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FIGURE 3.7 Circulation of Cerebrospinal Fluid
Sequence of CSF Circulation:
1.

Lateral ventricles

2. Foramen of Monro
3. Third ventricle
4. Cerebral aqueduct
5. Fourth ventricle
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6. Foramina of Luschka & foramen of
Magendie
7. Central canal of spinal cord
8. Subarachnoid space
9. Arachnoid granulation
10. Dural venous sinuses
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Hydrocephalus results from an increased volume and pressure of CSF accumulating
within the ventricles or the subarachnoid space. The increased CSF pressure dilates the
ventricles and often compresses delicate parts of the brain and other neural tissue.
Hydrocephalus usually results from:
1.

Increased CSF production (rare)

2. Decreased CSF absorption
3. Blockage

4. Meningeal infections.
The major types of hydrocephalus are listed below:
1.

Noncommunicating or obstructive: Commonly seen in infants resulting from
obstruction of CSF flow within the ventricles. The obstruction typically occurs at the
more narrow points such as foramen of monro, cerebral aqueduct (most common),
or openings in the fourth ventricle.

2. Communicating or non-obstructive: Commonly occurs in the subarachnoid space.
It is seen in the adult and most commonly results from either impaired absorption of
CSF at the arachnoid granulations (most common) or excess secretion of CSF at the
choroid plexus.
3. Normal Pressure: It is commonly seen in the elderly due to decreased absorption
following damage to the arachnoid villi. It is a subtype of communicating
hydrocephalus. Patients present with dementia (wacky), apraxic gait (wobbly), and
urinary incontinence (wet).
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