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Defining the Dura Mater

The dura mater, translating literally from Latin as the "tough mother," is the outermost, thickest,

and most resilient layer of the three protective membranes known collectively as the meninges,

which envelop the central nervous system. This dense, fibrous sheath completely encases the

brain and the spinal cord, providing robust mechanical protection against physical trauma and

serving as a crucial boundary between the neural tissue and the surrounding bony structures of the

skull and vertebral column. Its composition is primarily that of dense irregular connective tissue,

rich in collagen fibers, which imparts the extraordinary tensile strength necessary for anchoring and

stabilizing the delicate underlying structures, thereby preventing undue displacement of the brain

within the cranial vault during sudden movements or impacts. The dura mater's structural integrity

is paramount to maintaining the physiological environment required for optimal neural function,

acting as the final barrier against external pathogens and physical forces that might otherwise

compromise the viability of the brain and spinal cord.

The strategic positioning of the dura mater establishes key anatomical relationships that define the

meningeal spaces. Externally, in the cranial cavity, the dura mater adheres firmly to the internal

surface of the cranium, forming a functionally potential space known as the epidural space, though

this space becomes clinically relevant only when pathologically expanded by hemorrhage.

Internally, the dura is separated from the underlying arachnoid mater by the subdural space,

another potential space that, despite its potential nature, is frequently the site of severe clinical

events, particularly venous bleeding associated with the rupture of bridging veins. This intimate

relationship with both the bone and the subjacent meninges underscores the dura mater's dual

role: serving as both the inner periosteum of the skull and the outermost protective envelope of the

CNS.

Unlike the softer, more delicate inner meninges--the arachnoid and the pia mater--the dura mater

is characterized by its remarkable opacity and thickness, making it easily distinguishable during

gross anatomical dissection. Furthermore, the dura mater is not merely a passive protective layer;

it is actively involved in the circulatory dynamics of the CNS. It houses the dural venous sinuses,

which are specialized endothelial-lined channels responsible for collecting venous blood and

cerebrospinal fluid (CSF) from the brain, ultimately draining into the internal jugular veins. This

integration into the vascular system highlights its essential function in regulating intracranial

hemodynamics and maintaining fluid homeostasis within the neurocranium, demonstrating that its

role extends far beyond simple mechanical buffering.

Detailed Anatomy and Bilaminar Structure

In the cranial cavity, the dura mater is fundamentally bilaminar, consisting of two closely apposed

layers: the outer periosteal layer (or endosteal layer) and the inner meningeal layer. The

ARABPSYCHOLOGY.C
OM

https://encyclopedia.arabpsychology.com/?p=20613
https://encyclopedia.arabpsychology.com
https://encyclopedia.arabpsychology.com


DURA MATER 3

Encyclopedia of psychology encyclopedia.arabpsychology.com

periosteal layer is firmly attached to the inner surface of the bony skull, effectively acting as the

internal periosteum, a feature that contributes significantly to the potential nature of the cranial

epidural space; because of this adherence, separation typically only occurs forcefully, often due to

arterial hemorrhage. This layer is highly vascularized, receiving its blood supply primarily from the

meningeal arteries, the most significant being the middle meningeal artery, whose path runs

between the periosteal layer and the bone, making it critically vulnerable to trauma. Crucially, the

periosteal layer is confined strictly to the cranium and does not continue down into the vertebral

canal.

The inner layer, the meningeal layer, is the true protective covering of the brain and is continuous

through the foramen magnum with the spinal dura mater. This layer is generally smooth on its

inner surface, where it faces the arachnoid mater. The meningeal layer is structurally significant

because it is responsible for folding inward upon itself at specific points, creating the major dural

reflections or septa that divide the cranial cavity into distinct compartments. These major folds not

only stabilize the brain but also restrict its rotational and translational movement, reducing the risk

of tearing delicate structures during rapid head movements. Where the periosteal and meningeal

layers separate, they create channels that function as the dural venous sinuses, which are

fundamental components of the brain's venous drainage system, underscoring the functional

complexity embedded within this seemingly simple protective sheath.

The continuity between these two layers is maintained throughout most of the cranium, but their

separation to form the venous sinuses is a key anatomical landmark. This unique bilaminar

structure contrasts sharply with the organization of the dura mater surrounding the spinal cord,

where the periosteal layer is absent. The cranial dura mater's rigidity is maintained by the

numerous fibrous attachments to the bone, particularly strong at the base of the skull, which makes

surgical access to the base challenging but provides unparalleled stability for the housed neural

structures. The integrity of this bilaminar organization is vital for maintaining the stable intracranial

environment necessary for normal physiological function, and any disruption, such as a tear or a

separation due to hemorrhage, can lead to severe neurological consequences.

The Dural Folds and Septa

The meningeal layer of the cranial dura mater forms four primary infoldings or septa, which are

critical structures that partition the cranial cavity, providing mechanical support and limiting

excessive displacement of the cerebrum and cerebellum. These partitions are strategically oriented

to manage the forces exerted on the brain during movement, essentially acting as internal

seatbelts for the neural tissue. The largest and most prominent of these reflections is the Falx

Cerebri, a large, sickle-shaped sheet that descends vertically into the longitudinal fissure,

effectively separating the right and left cerebral hemispheres. Its anterior attachment point is the

crista galli of the ethmoid bone, and posteriorly it merges with the tentorium cerebelli at the internal
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occipital protuberance. Within the superior convex border of the falx cerebri lies the large superior

sagittal sinus, while the inferior border houses the smaller inferior sagittal sinus, highlighting the

dual structural and circulatory roles of this reflection.

The second major fold is the Tentorium Cerebelli, a horizontal, tent-like sheet that separates the

cerebrum from the cerebellum, dividing the cranial cavity into supratentorial (above the tentorium,

containing the cerebrum) and infratentorial (below the tentorium, containing the cerebellum and

brainstem) compartments. This division is vital for clinical localization, as pathologies are often

characterized by their location relative to the tentorium. The free anterior margin of the tentorium

forms the tentorial notch (incisura), a crucial opening through which the midbrain and other

structures of the brainstem pass. The rigidity of the tentorium provides a stable platform for the

occipital lobes and prevents the cerebrum from compressing the highly sensitive brainstem below,

particularly during increases in intracranial pressure.

The two smaller reflections further contribute to the compartmentalization. The Falx Cerebelli is a

small, vertical fold situated inferiorly in the posterior fossa, partially separating the two cerebellar

hemispheres. It is attached posteriorly to the internal occipital crest and houses the occipital sinus

along its attached margin. Lastly, the Diaphragma Sellae is a small, circular horizontal fold that

forms the roof over the sella turcica, the bony fossa housing the pituitary gland. This fold has a

central aperture that allows passage of the infundibulum (pituitary stalk), tethering the gland while

separating it from the suprasellar cistern and the optic chiasm. The collective function of these

folds is indispensable for the structural stability of the brain, ensuring that different regions of the

CNS remain appropriately segregated and protected.

The Spinal Dura Mater

The dura mater surrounding the spinal cord differs significantly from its cranial counterpart primarily

because it lacks the periosteal layer. The spinal dura mater is composed solely of the meningeal

layer, which forms a loose, robust, tubular sheath extending from the foramen magnum, where it is

continuous with the cranial meningeal dura, down to the level of the second sacral vertebra (S2).

Below this point, the dura tapers sharply to form the filum terminale externum, a fibrous cord that

anchors the spinal cord and its coverings to the coccyx, providing essential longitudinal stability.

A critical difference in the spinal region is the existence of a true anatomical space between the

dura mater and the surrounding vertebral bone: the epidural space. This space, which is only a

potential space in the cranium, is actual and substantial in the spinal column. It is filled with loose

areolar connective tissue, a significant amount of adipose tissue (epidural fat), and a dense

network of veins known as the internal vertebral venous plexus. The presence of this fat and

venous plexus provides cushioning for the spinal cord within its bony canal. Clinically, the spinal

epidural space is highly relevant as the target site for epidural anesthesia, where anesthetic agents
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are injected to block spinal nerve roots as they exit the dural sac, providing regional pain

management without necessarily affecting consciousness.

The spinal dura mater is also characterized by its close relationship with the spinal nerves. As the

spinal nerves exit the vertebral canal, the dura mater sends out sleeves that invest the nerve roots,

merging with the epineurium of the peripheral nerves. These dural sleeves extend laterally for a

short distance, contributing to the protection and organization of the nerve bundles. The overall

thickness and fibrous quality of the spinal dura ensure mechanical resilience, protecting the spinal

cord from compression and shear forces generated by movements of the vertebral column. The

maintenance of the integrity of the dural sac is crucial, as tears or punctures (such as those caused

by accidental dural perforation during lumbar puncture) can lead to leakage of cerebrospinal fluid,

resulting in severe low-pressure headaches and other neurological sequelae.

Vascular Supply and Innervation

The vascular supply of the dura mater is extensive, particularly in the cranial region, and holds

profound clinical importance. The primary arterial supply to the majority of the cranial dura is

provided by the middle meningeal artery, a branch of the maxillary artery. This artery ascends

through the foramen spinosum and then traverses between the periosteal dura and the inner

surface of the temporal bone. Because of its location, the middle meningeal artery is exceptionally

vulnerable to blunt force trauma to the side of the head, especially at the pterion, a thin point in the

skull. Rupture of this artery results in the rapid accumulation of high-pressure arterial blood in the

potential epidural space, leading to an epidural hematoma, a rapidly expanding and often fatal

condition requiring immediate neurosurgical intervention.

Venous drainage is accomplished mainly through the unique system of the dural venous sinuses.

Unlike typical veins, these sinuses lack muscular walls and valves; they are channels lined with

endothelium formed where the periosteal and meningeal layers of the dura mater separate. The

major sinuses, including the superior sagittal sinus, the transverse sinuses, and the sigmoid

sinuses, collect venous blood from the brain's superficial and deep veins, along with reabsorbed

CSF via the arachnoid granulations. The sigmoid sinuses ultimately empty into the internal jugular

vein, providing the primary exit route for blood leaving the cranial cavity. The low-pressure, large-

capacity nature of this venous system is crucial for managing intracranial pressure and fluid

dynamics.

A significant feature of the dura mater is its rich sensory innervation, making it highly sensitive to

pain. The dura is predominantly innervated by branches of the trigeminal nerve (Cranial Nerve V),

particularly the ophthalmic division (V1), which supplies the anterior and superior fossae. The

posterior fossa dura is supplied by branches of the vagus nerve (CN X) and the upper cervical

spinal nerves (C2 and C3). This dense sensory supply explains why irritation or inflammation of the
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meninges--such as occurs in meningitis or due to stretching from a mass lesion--results in the

characteristic symptom of severe headache. Because different regions of the dura are innervated

by distinct nerves, neurosurgeons can often infer the location of an intracranial lesion based on the

patient's pattern of referred pain.

Physiological Roles and Protective Mechanisms

The dura mater serves multiple critical physiological roles beyond simple enclosure. Its primary

function is robust mechanical protection, acting as a taut, inelastic container that limits the

expansion of the brain and cerebrospinal fluid, thus playing a key role in the Monroe-Kellie doctrine

of intracranial volume equilibrium. This rigid containment helps ensure that changes in volume

(blood, CSF, or tissue) are strictly managed, crucial for preventing detrimental pressure

fluctuations that could impede cerebral blood flow.

Furthermore, the dural reflections (the septa) provide vital structural support and partitioning. By

compartmentalizing the cranial cavity, these folds stabilize the brain, preventing the cerebrum from

damaging the cerebellum or brainstem during movement or sudden changes in momentum. This

anchoring mechanism is essential for protecting the brainstem, which houses vital centers for

respiration and consciousness, from shear injury. The dura's fibrous nature and numerous

attachments to the skull ensure that the brain remains securely suspended, minimizing damage

from rotational forces.

The dura mater is also integral to the **cerebrospinal fluid (CSF) dynamics**. The dural venous

sinuses are not merely passive drainage channels; they are the sites where CSF is returned to the

systemic circulation via the arachnoid granulations (or villi), which pierce the dura to project into

the sinuses. This controlled reabsorption process is fundamental to maintaining stable CSF volume

and pressure. Any obstruction or dysfunction in the dural venous sinuses can lead to impaired CSF

reabsorption, contributing to conditions like hydrocephalus or idiopathic intracranial hypertension.

Thus, the dura mater is intrinsically linked to the hydraulic health and pressure regulation of the

entire CNS.

Clinical Significance and Pathology

The dura mater is frequently involved in neurosurgical and neurological pathology, primarily due to

its close anatomical relationship with the skull and major blood vessels. The most common and

critical pathologies involve hemorrhage into the spaces adjacent to the dura. An epidural

hematoma (EDH) typically arises from arterial bleeding, usually from the middle meningeal artery,

accumulating between the dura and the skull. Given the high pressure of arterial blood, these

hematomas expand rapidly, causing massive shifts in brain tissue and requiring emergent

evacuation.
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Conversely, a subdural hematoma (SDH) occurs in the potential space between the dura and the

arachnoid mater and is usually caused by the tearing of bridging veins that traverse this space to

drain into the dural sinuses. Because these are venous bleeds, they are often lower pressure and

can accumulate slowly over days or weeks (chronic SDH), particularly common in elderly patients

whose brains have atrophied, stretching the bridging veins. Both EDH and SDH are life-threatening

conditions characterized by mass effect and increased intracranial pressure, but their distinct

locations relative to the dura dictate their clinical presentation and prognosis.

Other clinically relevant conditions include inflammation and tears. Meningitis involves

inflammation of the meninges, including the dura, leading to severe headache and meningism

(neck stiffness). Dural tears, which can result from traumatic injury, skull fractures, or iatrogenic

causes such as spinal taps or surgery, lead to leakage of CSF. These CSF leaks result in

orthostatic headaches due to chronically low intracranial pressure. Furthermore, tumors known as

meningiomas frequently arise from arachnoid cap cells embedded in the dura mater. Although

often benign, their slow growth can compress adjacent neural tissue, necessitating surgical

resection of the tumor and the involved dural base to prevent recurrence. The integrity and

pathological state of the dura mater are therefore central considerations in neurotrauma and

neurosurgery.
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