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Abstract

The dura mater is of similar embryological origin to the fascial organ. It con-
tains several fibroblasts which make the dura mater a flexible structure. Dura
mater is the outermost of the three layers of meninges, a thick and rigid in-
elastic membrane that covers the brain and spinal cord and that is impermea-
ble to the cerebrospinal fluid. The cranial dura mater in certain respects dif-
fers anatomically from the dura material in the spinal cord, and it is impor-
tant to classify them separately. This article reviews the anatomical structure
of spinal and cranial dura mater and its anatomy with muscle, fascia, bone
structure and ligaments. Dura mater is a structure in the body that is con-
nected with systemic functions.
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1. Introduction

The dura mater is of the same embryological origin as the fascial system. It con-
tains several fibroblasts which make it a flexible structure for the dura mater [1].
Dura mater is the outermost of the three meninges layers, a thick and dense in-
elastic membrane surrounding the brain and spinal cord and impermeable to the
cerebrospinal fluid (CSF). In certain ways, the cranial dura mater varies ana-
tomically from the spinal dura mater, and it is important to identify them sepa-
rately. However, both forms are part of one complete membrane, which is con-
tinuous at the magnum foramen. The dural system is responsible for promoting
and sustaining brain functions in tandem with the CSF and acts as a means of
protection in the event of mechanical trauma. Mechanical forces directed at the
skull are overcome by shock-free absorption, due to bone elasticity, skull pillar
structure, nasal sinuses, and viscerocranium attachment to neurocranium [2].

This article reviews the anatomical structure of the spinal and cranial duramate,
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as well as its connections with the myofascial system and the spine.

2. Review
2.1. Spinal Dura Mater

The spinal dura mater (SDM) is an inelastic collagen fiber tube that forms a
loose sheath around the spinal medulla and closely matches the vertebral canal
curvature. CSF, which relies on hydrostatic, respiratory, and pulsating influ-
ences, keeps the dura under stress [3]. The dura stretches from the occipital bone
foramen magnum to the sacral canal and is invested with the spinal cord filum
terminale at S3 level, which blends with the coccyx periosteum. A potential cav-
ity, the subdural area, separates the spinal dura mater from the arachnoid mater.
However, both membranes are usually in close contact with each other, except
where a minute quantity of CSF separates them. The dura mater is divided into
three layers: an outer fibroelastic layer of flattened cells with thin and long cell
extensions toward the epidural space; a middle fibrous layer; and an inside
boundary cell layer with extracellular spaces, few cell junctions, and no extracel-
lular collagen. There are several elastic fibers inside the dura, suggesting signifi-
cant versatility and elasticity during motion and postural changes. The deform-
ing forces applied to the spinal cord and meninges are distributed inside the
extradural space through the subarachnoid space and the fibroadipose tissue.
During the transition from the foramen magnum to the vertebral canal, two
dural layers can be distinguished: the outer, periostal layer which ceases at the
foramen magnum, with the periosteum lining the vertebral canal taking its place,
and the inner layer, the true SDM. The epidural area, which is not present within
the cranium, separates these two layers and makes gliding movements between

the dura and the spine (Figure 1) [4].

Ventral Denticulate Arachnoid
Ligament (folded)

Anterior Spinal Spinal Dural Dorsal Root
Artery Mater Ganglion

Figure 1. Spinal dura mater
http://biodrawing.com/Neurology modules/NervousSystemSite/Neuroanatomy/figures.
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The posterior longitudinal ligament boundaries the anterior epidural space;
the lateral medial aspect of the pedicles and intervertebral foramine; and the
posterior aspect of the laminae and ligamentum flava boundary. Superior to this,
the dura combines with the foramen magnum periosteum. In the cervical and
lumbar regions the thickness of the dura mater is greater than in the thoracic re-
gion. Spinal dura mater fascial relationships and attachments are listed in more
detail below. Such structures facilitate the movement of the dural tube inside the
spinal canal and prevent the dura or spinal cord from having to fold or other in-

jury-causing mechanisms [5].

2.2. Connections with Muscles and Ligaments

The ligamentum craniale durae matris spinalis (CDMS ligament) was originally
described by Von Lanz as fibrous strands extending from the dura mater to the
occipital bone, the posterior longitudinal ligament and the transverse atlas liga-
ment. Subsequently, the CDMS attaches the atlas arch and axis, the occipital
squama periosteum, and laterally the atlanto-occipital and atlantoaxial joints [3].
More fibers originating from the flaval ligaments between C1 - C2 and C2 - C3
have been identified and other dura-connected fibers have been found between
the C2 and C3 arches. Rutten and colleagues believe that during movement por-
tions of the CDMS ligament act as a tensioner of the upper cervical vertebral
column [6].

The SDM is also bound by connective tissue bands to the posterior atlan-
to-occipital (PAO) membrane at the atlanto-occipital joint, which generates a
network and is where the rectus capitis posterior minor (RCPmi) is also detecta-
ble [7] [8]. The myodural relation between the RCPmi and the SDM can prevent
the folding of the SDM towards the spinal canal, which tends to occur during
neck and head extension. The obliquus capitis inferior (OCI) is connected to the
posterolateral part of the dura mater and the rectus capitis posterior major
(RCPma) spreads through the atlantoaxial interspace to the posterior dura mater
[9] [10].

The myodural bridge between the SDM and the suboccipital muscles has sig-
nificant clinical importance in that severe stresses can be transmitted to the dura
across the myodural bridge, which is expressed as cervicogenic headache [8] [9]
[10] [11].

Attachments have been found between the posterior SDM and the nuchal li-
gament at the first and second vertebrae stages, which is important in head rota-
tional movements [12] [13].

A connection between the flaval ligament and the SDM was found at the level
of the vertebral bodies in the upper and lower cervical spines. Other direct at-
tachments at the level of C7/T1 were also described [6] [14] [15]. The rear SDM
is anchored through the posterior cervical epidural ligaments to the flaval liga-
ment. Anterior displacement of the dura is indicated in the absence or malfunc-
tion of certain ligaments, which may contribute to flexion myelopathy [16].

On the SDM is attached the superficial layer of the posterior longitudinal li-
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gament (PLL) [3]. Similarly, the ligaments of Hofmann are found between the
dura and the PLL’s superficial layer [10] [17] [18]. Sometimes the PLL’s superfi-
cial layer is more used as a protective membrane for the soft structures within
the vertebral canal than as a typical ligament [15] [19]. Trolard’s ligaments are
also called the ventromedian ligaments associated with the posterior longitudin-
al ligament (PLL). These are found in the lower lumbar and sacral spine, be-
tween the dura and the vertebral bodies and arc [20]. The trousseaux fibreux of
Soulié consists of a network of strong bundles which support the anterior epi-
dural venous plexus and link the dura mater with the posterior longitudinal li-
gament and the periosteum [21].

Denticulate ligaments are fibrous structures that extend the entire length of
each side of the spinal cord, separating the ventral from the spinal nerve dorsal
roots. The toothlike processes of these ligaments are attached to the dura mater.
Extension and flexion of the spine is transmitted via the denticulate ligaments by
the SDM to the pia mater, with the greater part of the forces being transmitted
directly to the spinal cord via cranial and caudal attachments of the dura. The
rhomboid halter is a thin, diamond-shaped connective tissue plate that is at-
tached to the dura mater via the upper toothlike processes of the denticulate li-
gaments [22]. It has been proposed that the rhomboid halter holds the cranial
area of the spinal cord and the lower medulla oblongata segregated during neck
flexion from the axis dens, the ligamentous apparatus, and the vertebral arteries
[23]. Forestier’s opercula is situated at the level of each intervertebral foramen,
which indicates a relation between the span of spinal nerve coverage and the pe-

riosteum of the individual vertebra [21].

2.3. Blood Supply

Vascularisation The direction of the arteries of the spinal cord is very complex.
Paired posterior spinal arteries and anterior spinal artery have SDM. Venous
drainage occurs outside the vertebral column and the segmental veins through
venous plexuses. Such valveless plexus veins have particular physiological signi-
ficance. They can interact with the lumbar and intercostal veins, and with ven-
ous plexuses in the nuchal zone, which enables the venous blood to be drained
multidirectionally without obstruction. Innervation The SDM is sparsely inner-

vated as opposed to the cranial dura mater [24].

2.4. Innervation

The innervations are especially less dense dorsally than ventrally. Dorsal dural
nerves are derived from the ventral dural plexus, which is linked to the sinuver-
terbal nerves, the nerve plexus of the posterior longitudinal ligament, and the

nerve plexus of segmental artery radicular branches [25].

3. Cranial Dura Mater

The dura mater cranial lines the skull’s interior. It is composed of two parts, the
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outer layer of endosteal and the inner layer of meninges. Both layers are closely
related, except when sinuses are formed for venous blood passage. The cranial
dura mater consists of white fibrous tissue and a particular layer of flattened fi-
broblastic cells with no extracellular space and collagen, which can be found at
the gap between dura mater and arachnoid material. The dura mater’s outer
surface closely adheres to the bone’s inner surfaces, with these adhesions being
most prominent at the base of the skull and opposite the sutures. The dura’s
outer surface is rough and fibrillated while the inner surface is smooth and en-
dothelium-lined (Figure 2). The dura mater continues at the skull’s outer sur-
face through the specific foramina that reside at the skull’s base. Its fibrous layer
forms sheaths for the nerves leaving the cranium, thereby passing through the
foramina. At the foramen magnum the dura is fused to the bone, which is con-
tinuous with the dura mater spinal. The scalp skin and the dura are connected
by emissary veins. The dura is especially flat in the ethmoid bone cell areas, the
tegmentum, and the sigmoid sinuses. The dura inner meningeal layer is structu-
rally weaker than the exterior endosteal layer [26].

An adult’s dura can withstand greater force than a neonate’s dura [27]. Ac-
cording to Arbuckle a specific fiber structure allows different forces to be trans-
mitted by the cranial and spinal dura [28]. In specified classes, these so-called
“stress fibers” are structured: horizontal, vertical, transverse and circular. This
path of fibers in the cranial dura mater can result from mechanical forces during

embryonic development, when stress forces align collagenous fibers [29].

3.1. Falx Cerebri

The falx cerebri is a small, sickle-shaped dura mater fold that descends vertically
into the longitudinal fissure between the hemispheres of the cerebrum. It is at-
tached to the ethmoid’s crista galli at the front, and is connected to the tento-
rium cerebelli at the back. Its lower margin is free and concave, and contains the
lower saggital sinus, whereas the upper margin is attached to the inner surface of
the midline of the skull, reaching back to the inner occipital protuberance [30]
[31] [32].

3.2. Tentorium Cerebelli

The tentorium cerebelli is a dural fold lying in the axial plane which divides the
cranial cavity into supratentorial and infratentorial compartments. It protects
the superior cerebellum surface, and supports the brain’s occipital lobes. Pre-
viously, the deep tentorial knotch, which enables contact between the supraten-
torial and infratentorial compartments, connects to clinoid processes and forms
the lateral portion of the cavernous siniis. Subsequently it is connected to the
inner surface of occipital bones by its convex edge, and the transverse sinuses are
enclosed there. It connects anteriorly to the petrous portions of the temporal
bones, enclosing the petrosal sinuses above. The tentorium is also attached to the

falx cerebri which places the straight sinus at its junction [32] [33].
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Figure 2. Cranial Dura Mater Dr. med. Dieter G. Thomas, D.O.M., gra-
dierwerk, Multisensorische Privatpraxis fiir Osteopathie & Physiotherapie,

Bad Nenndorf/Germany.

3.3. Falx Cerebelli

The falx cerebelli is a small fold of the dura over the posterior cranial fossa floor.
It separates the hemispheres of the two cerebellars. Superior to that, the falx ce-
rebelli is attached to the tentorium cerebelli, and inferior to the foramen mag-
num. It then connects to the occipital bone‘s internal occipital crest, which in-

cludes the occipital sinus [33].

3.4. Blood Supply

The supply of dural blood usually concerns the outer layer of the dura, since the
inner layer does not require a significant supply of blood. There are numerous
arteries providing the dura mater. In the anterior cranial fossa are situated the
anterior meningeal branches of the anterior and posterior ethmoidal and inter-
nal carotid, and a branch of the middle meningeal artery. The middle cranial
fossa comprises frontal and parietal branches of the middle meningeal artery,
which passes through the foramen spinosum into the middle cranial fossa; the
peripheral meningeal and pharyngeal arteries; and branches of the internal caro-
tid arteries. Those in the posterior cranial fossa are the occipital meningeal
branches, the posterior meningeal branch of the vertebral artery, occasional me-
ningeal branches of the ascending pharyngeal artery, and a branch of the middle
meningeal artery. Venous drainage from the cranial dura mater occurs with the
diploic veins through anastomosis, and ends in the various sinuses. The middle
meningeal veins open up into the pterygoid plexus, into the maxillary vein, or
into the lower ophthalmic vein and cavernous sinus through the pterygoid plex-
us. Meningeal veins drain into the sinuses, directly or indirectly through the ju-

gular vein [1] [34].
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3.5. Innervation

The innervation of the upper part of the dura mater is primarily provided by the
meningeal branches of the trigeminus and vagus nerves, with the upper cervical
spinal nerves in the lower part being inerved. The anterior cranial fossa provides
nerve supply through an ophthalmic division of the trigeminal nerve; the nasoci-
liar branch; and anterior and posterior ethmoidal nerves. The middle cranial
fossa is inerved by meningeal branches of the trigeminal nerve’s ophthalmic,
maxillary, and mandibular divisions. The second and third cervical sections pro-
vide the innervation of the posterior cranial fossa. Therefore, a tension in the
dura mater area is transferred to the muscle and fascia system through these
connections (e.g. headache may occur due to trigeminal nerve activation) [1]
[35].

4. Conclusion

The dura mater is of similar embryological origin to the fascial organ. It contains
several fibroblasts which make the dura mater a flexible structure. This article
discussed the dura mater anatomy and its relationship with muscle, bone struc-
ture, ligament and fascia. The limiting area of the study was that anatomical stu-
dies on this subject were not included in recent years, so new information could
not be included. The aim of the study is to focus on the relationship of the dura

mater with the fascial system.
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