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 دعاء لزميلنا رشيد      

اللهم اغفر له و ارحمه و اعف عنه و اكرم منزله”. “اللهم أبدله داراً خيراً من داره و أهالً خيراً من أهله و ذرية 

 ”خيراً من ذريته و زوجاً خيراً من زوجه”.”

 

 

Lecture Objectives  

• Describe the arrangement of the meninges and their relationship to  brain and spinal cord. 

 • Explain the occurrence of epidural, subdural and subarachnoid  spaces.  

• Locate the principal subarachnoid cisterns, and arachnoid  granulations.  

• Describe the ventricles of brain and importance of their choroids  plexus. 

 • Summarize the pathway of cerebrospinal fluid (CSF) circulation.  

• Locate the safe sites for the lumbar puncture. 

 • Identify brain ventricles in CT scan, MRI and ventriculograms. 
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    If you come by any mistake (whether it be spelling, grammatical or scientific) while browsing 

this sheet, kindly report it to the Academic team Facebook account. 
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Brain Meninges, Ventricles and CSF 

Cerebral meninges  

 Brain meninges are continuations of spinal cord meninges 

1-Pia mater  

 It’s directly attached to brain proper and follows it’s shape (contours) ; it follows the 

longitudinal fissure between the 2 hemispheres of cerebrum , it also follows the gyri and sulci   

(  it goes downward and upward with the sulci  ) 

 

 It also follows the arteries  entering the brain proper  

; it will follow the artery and it’s capillaries until it 

reaches the ventricles , there it will cover/ support  

the choroid plexuses (this region of pia mater is 

called tela choroidea)  

 

 Cerebral pia mater is more important than Spinal pia 

mater , It’s functionally active in choroid plexus and 

CSF formation. 

2-Archnoid mater  

 It covers the pia mater. 

 It doesn’t follow brain’s contours ;  it bridges the 

sulci rather than following them like pia mater 

does, this bridging will result in widening of the 

subarachnoid space in that area , forming 

subarachnoid cisternae. 

3-Dura mater  

Difference between Cerebral and spinal dura mater 

→  No epidural space in cerebral dura mater  

For better understanding (Additional) 

 vascular pia mater – the tela choroidea, 

form regions of minute projections known 

as a choroid plexus that projects into each 

ventricle  (red color in the picture)e

 

 

https://en.wikipedia.org/wiki/Capillary
https://en.wikipedia.org/wiki/Capillary
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It is formed of 2 layers : 

1- Endosteal layer : The external layer.  (a layer of periosteum that covers the inner surface of 

the skull)-Google 

 This is what the doctor said about it : “The term Endosteal comes from Endosteum (the 

connective tissue of bone); This layer is merged with endosteum or we can say it’s a thickening 

of it” 

2- Meningeal layer , it’s continuous with the spinal dura mater  

 

 

 

 

 

 

 

 

 

 

 

 

 The above picture is taken by a coronal section.  

 Green layer is dura mater and the labeled structures are the endosteal and meningeal layers of 

dura 

 

 These 2 layers will be separated from each other at specific areas .This separation will result in : 

1- Extensions of the dura mater  

 They suspense the brain in the cranial cavity.  

 These extensions are formed mainly from the meningeal layer. 

 

 Please study the following table with the pictures below it for better understanding . 
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Extension  Shape  Location Attachment Sinuses  

1-Falx cerebri  Crescentic 

in shape  

Within the 

longitudinal 

fissure  

(between the 2 

hemispheres of 

cerebrum)  

Attached edge : 

 Attached with the endosteal 

layer.  

 Starts from the midline of 

the anterior cranial fossa and 

continues posteriorly until it 

reaches tentorium cerebelli 

and attaches to it. (look at 

the second picture) 

Free edge:  

Corpus callosum (the end of 

longitudinal fissure)  

 

 

1-Superior 

sagittal sinus 

within the 

attached edge 

  

2-Inferior sagittal 

sinus within the 

free edge. 

 

**Labeled 

structures  

2-Tentorium 

cerebelli  

Tent like 

structure  

Within the 

transverse fissure 

(between 

Cerebrum and 

cerebellum )  

Attached edge:  

Attached to the skull in the 

periphery and to the petrous 

portion of the temporal bone 

(ridge ) anteriorly until it 

reaches the posterior glenoid  

processes.  

Free edge :  

 Tentorial  notch :Where 

brain stem passes  

 Cerebellum is under 

Tentorium cerebelli  

 Tentorium cerebelli won’t be 

able to cross the brain stem ; 

so the transverse fissure 

ends with the beginning of 

Straight sinus:  

 In the area of 

attachment 

btw Falx 

cerebri and 

Tentorium 

cerebeli . 

 

 Inferior 

sagittal sinus 

drains into the 

straight sinus  

which meets 

Superior 

sagittal sinus   

(confluence of 
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brain stem (pic 2) 

superiorly:  

 Attached to falx cerebri  

 

 The highest point of 

tentorium cerebelli is located 

in the anterior midline of 

tentorium notch , around 

this point there is a slopping 

of the extension , so this 

point is like the tent pole.  

Attached inferiorly to falx 

cerebelli  

sinuses) and then 

they drain into 

the transverse 

(horizontal)sinus 

(lateral  from the 

attached edge of 

tentorium 

cerebeli) which 

drains in sigmoid 

sinus and finally 

in the internal 

jugular vein. (pic 

3 may help) 

3-Falx 

cerebelli 

Very small  Between the 2 

hemispheres of 

the cerebellum  

Attached to tentorium cerebelli 

superiorly and to occipital bone 

posteriorly (pic 2 , pink arrow) 

 

4-

Diaphragma 

sellae  

   Covers the superior part of 

Sella turcica and it’s opened  

in the center for the stalk of 

pituitary gland. 

(Separates pituitary gland from 

brain proper ) 

 

 Some consider it a 

continuation of tentorium 

cerebelli  

 

 Attached to anterior and 

posterior glenoid processes  

 

 

 

Falx cerebri, Tentorium cerebelli and falx cerebelli suspense the brain.   
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Picture 1  

 

 

 

 

 

 

 

Picture 2 (Additional ) 

 

 

      

 

 

 

                                          Picture 3 (Additional) 
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2- Dural sinuses ,They drain both: 

A.  The deoxygenated blood (venous blood)  

B. CSF. 

 Why the drainage need sinuses rather than veins in the brain? 

Because veins have thin walls , easily collapsed and have a lot problems associated with them  like 

varices. 

 Walls of Dural sinuses are dura mater (dense irregular connective tissue) , constantly opened , 

they can’t be closed nor widen. 

 

Nerve supply of dura mater  

1-Cranial nerves V and X ,  

 Innervate the superior part of tentorium 

cerebelli and the rest of dura mater above 

it.  

 Referral pain to the head from above  the 

tentorium cerebelli  

2-Spinal nerves C1-C3 ,  

 Innervate the other part of dura mater 

below tentorium cerebelli. 

 Referral pain to the back of the head  and 

neck from below tentorium 

 

 Dura mater is considered a somatic structure , in case of pressure or hemorrhage there will be a 

referral pain . 
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Blood supply of dura mater  

1-Internal carotid ,maxillary, ascending  pharyngeal, occipital & vertebral aa (All of them give 

meningeal branches ) 

2-Middle meningeal a  

 The most imp 

 It enters from foramen spinosum, ascends and in the pterion area it branches into anterior and 

posterior branches. 

 

Dural venous sinuses  

 Location→ between the 2 layers of dura mater 

 Drains  

 Fate   

 Superior sagittal sinus  

Venous lacunae  

 Inferior sagittal sinus 

 Straight sinus   

 Occipital sinus is a very small sinus , 

located at falx cerebri  

 Transverse sinus , also called horizontal sinus.  

 

 Cavernous sinuses surround Sella turcica , they are 

 dangerous sinuses because they have connections  

with other sinuses outside; in the head and neck . 

 Examples on these connections : 

 They drain into orbital veins.  

 They are connected to pterygomaxillary sinus. 
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Clinical note: An infection in the sinuses of the 

 head and neck may reach cavernous sinuses. 

- Cavernous sinuses also have a connection with major sinuses through 

 superior and inferior petrosal sinuses . 

 Superior and inferior petrosal sinuses , they drain directly in the large sinuses . 

Dural venous sinuses 
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Arachnoid mater  

 You can clearly see in this picture how arachnoid 

mater and pia are connected to each other. 

 Subarachnoid space  

 Notice the fibers in the subarachnoid space  

 It’s important because: 

1- Cerebral blood vessels and cranial nerves  that  

enter and exit the brain pass through the  

subarachnoid space. 

2- Contains CSF 

 

 Ends at the exit of cranial nerves from the brain ; Fuse with epineurium at  foramina 

of cranial cavity ( the same way the subarachnoid space ends at the exit of spinal nerves 

through intervertebral foramina ) 

Exception: The subarachnoid space continues with the optic nerve (doesn’t end at optic canal) until 

it reaches eyeball and fuses with the sclera. 

clinical application :pressure of CSF moves toward the posterior aspect of eyeball  

Arachnoid Villi and granulations  

 They are important for the drainage of CSF. 

 As we said earlier, drainage of CSF is toward venous sinuses (mainly toward the superior 

sagittal sinuses). 

 There are extensions from the arachnoid granulations toward Dural sinuses and enter to it  , 

where they drain CSF  , this drainage depends on the pressure deference between the venous 

blood and CSF. 

 Arachnoid granulations = arachnoid villi and sometimes they appear as small dots on the bone 

itself . 
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Pia Mater  

 Adheres closely to the brain 

o Goes deep into the sulci (follows the surface markings & contours of 

the brain) 

o Fuse with nerves epineurium 

o Covers cerebral arteries entering brain substance to a distance  

o Specialized over the roofs of ventricles  

 Contribute to formation of choroid plexuses 

Ventricular system  

 Before you start this part of the lecture , watch this video , it may help  

https://bauniversity-

my.sharepoint.com/:v:/r/personal/31708243116_std_bau_edu_jo/Documents/Medical%20basic%20

materials/KENHUB/NEUROANATOMY/Video-%20Ventricles%20of%20the%20brain%20-

%20Kenhub.mp4?csf=1&web=1&e=2ElcdB 

 Ventricles : spaces inside the brain and spinal cord (CNS). 

 They are the sites of CSF secretion ; they contain choroid plexuses which produce CSF. 

 All ventricles are connected to each other through specific canals: 

The 2 lateral ventricles are connected to the third ventricle through interventricular foramina 

(foramina of Monro) and the third ventricle is connected to the fourth ventricle through 

cerebral aqueduct 

 

 

 

 

 

https://bauniversity-my.sharepoint.com/:v:/r/personal/31708243116_std_bau_edu_jo/Documents/Medical%20basic%20materials/KENHUB/NEUROANATOMY/Video-%20Ventricles%20of%20the%20brain%20-%20Kenhub.mp4?csf=1&web=1&e=2ElcdB
https://bauniversity-my.sharepoint.com/:v:/r/personal/31708243116_std_bau_edu_jo/Documents/Medical%20basic%20materials/KENHUB/NEUROANATOMY/Video-%20Ventricles%20of%20the%20brain%20-%20Kenhub.mp4?csf=1&web=1&e=2ElcdB
https://bauniversity-my.sharepoint.com/:v:/r/personal/31708243116_std_bau_edu_jo/Documents/Medical%20basic%20materials/KENHUB/NEUROANATOMY/Video-%20Ventricles%20of%20the%20brain%20-%20Kenhub.mp4?csf=1&web=1&e=2ElcdB
https://bauniversity-my.sharepoint.com/:v:/r/personal/31708243116_std_bau_edu_jo/Documents/Medical%20basic%20materials/KENHUB/NEUROANATOMY/Video-%20Ventricles%20of%20the%20brain%20-%20Kenhub.mp4?csf=1&web=1&e=2ElcdB
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 Lateral ventricles  

 2 ventricles ,they are considered the first and the 

 second . 

 

Location :Located within the 2 hemispheres of cerebrum, 

- the left Hemisphere contains a lateral ventricle and  

-the right one contains the other lateral ventricle . 

 Recap from the previous lectures: as we said before: 

the hemispheres  are divided into lobes (frontal, parietal, occipital and temporal (the folded 

Lobe) ) 

 

 Shape : C-shaped with an extension posteriorly (look at the picture below), The most medial 

part is located anteriorly , then the lateral ventricles start to move laterally as we go posterioly  

 

 Parts:  

1- Anterior horn of lateral ventricle  

 Projecting toward the frontal lobe.  

 The most medial part. 

 The anterior horns of both ventricles are very close to each other and connected through 

septum pellucidum , which is a very thin connection . 

 There’s no opening between both lateral ventricles , but lateral ventricles open to the third 

ventricle by intervertebral foramina (foramina of Monro). 

2- Body  

 choroid plexuses are located on the floor of the body and connected to 

 the choroid plexuses at the roof of the third ventricle . 

3- Posterior horn of lateral ventricles , projecting toward the occipital 

 lobe.  

Choroid plexuses of 

lateral ventricles  

Choroid plexuses of 3rd 

ventricle  
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4- Inferior horn  

 Also called temporal horn.  

 Projecting toward the temporal lobe  

 Since the inferior horn is located within the temporal lobe , 

It’s the most lateral part of the lateral ventricles. 

 

 

 

 Relations: 

1-Corpous callosum ,  

  C-shaped structure covers the lateral ventricle  

 (like a roof ) 

 Remember: corpus callosum →commissure fibers crossing over reaching the cerebral cortex  

 Superior to the lateral ventricle (mainly the anterior horn and body)  

2-Septum pellucidum , Medial to the anterior horns.  

3-Fornix  

 Body of the fornix is Inferior internal to the lateral ventricles (mainly to the body and anterior 

horns) 

 It’s relation to the  inferior horn is different. 
These 2 sections represent coronal sections but the 

second one is more anterior , because the anterior horns 

are clear here , but how did you know that these are the 

anterior horns? 

Because they are the most medial part (for better 

understanding , refer to the record at  minute 35:00)  
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4-Caudate nucleus  

 C-shaped (It’s like a  smaller version  

of lateral ventricles , check the yellow pic) 

 Internal and slightly lateral to the lateral ventricle  

 

 Third ventricle  

 Location : 

 Located in the midline , inbetween the diencephalons  , specifically between the thalamus and 

hypothalamus. 

 

 It’s a slit like space when you look at it anteriorly why? 

Because it’s trapped between the 2 diencephalons but 

laterally it looks huge . 

 Walls: 

1- Lateral walls: Thalamus and hypothalamus. Interthalamic connection penetrates the third 

ventricle 

2- Anterior wall : optic chiasma→ lamina terminals →Anterior commissure →body of fornix  

3- Roof : body of fornix  

4- Posterior wall : Habenular commissure , pineal body and ends in posterior commissure and 

epithalamus. 

5- Inferior wall: Midbrain proper and the beginning of cerebral aqueduct  

 

 Choroid plexus: located in the roof of third ventricle.  

 Fourth ventricle  

 Shape: almost pyramidal  

 Connected to the central canal. 
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 Between the brain stem (mainly pons and the upper part of medulla oblongata) and 

cerebellum. 

 Connected to the subarachnoid space and this is how the CSF reaches the subarachnoid 

space  

 

 Walls: 

 Floor: rhomboid fossa (posterior part of pons+ posterior part of medulla oblongata) , in order 

to connect the third ventricle to the fourth one , we need to penetrate the midbrain (through 

cerebral aqueduct , which means that cerebral aqueduct penetrates the midbrain)  

 Lateral walls: cerebral peduncles (attachment area between the cerebrum and brain stem) 

 Roof (posterior wall) :  

1- Superior and inferior Medullary vellum (sheets of villi separating cerebral proper from the 

4th ventricle)   

2- Median aperture ( foramen of Magendie) and lateral apertures (foramen of Luschka) : they 

connect the 4th ventricle to  subarachnoid space  

3- Choroid plexus (located in the roof )  

 

 Subarachnoid cisterns  

 Extended area of the  subarachnoid space (due to the briding of  

subarchenoid space)  

 Subarachnoid cisterns 

1- Cerebellomedullary cistern  (cisterna magnum):   

 Area where the brain stem leaves foramen magnum , where the 

drainage of CSF toward the subarachnoid space  

 Opens to Median aperture 

 

2- Pontine cistern  

 Between pons and medulla oblongata  

 It’s a sulcus like structure  
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 Connected with cisterna magnum  

 Opens to Lateral apertures 

 

3- Interpeduncular cistern  

 Located in the midbrain anteriorly, in the interpeduncular fossa  

 

 

 

 

 

 

 

 

 

 

 

Cerebrospinal Fluid (CSF) 

 80-150 ml (3-5oz) 

 Clear liquid containing glucose, proteins, & ions 

 Passes to the subarachnoid spaces 

 Functions 

1- mechanical protection 

 floats brain & softens impact with bony walls 

2- chemical protection 

 optimal ionic concentrations for action potentials 

3- circulation 

 nutrients and waste products to and from bloodstream 

 

The doctor skipped this slide 

(slide 17) 
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Origin of CSF 

 

Choroid plexuses  

 Choroid plexuses produce CSF  

 Choroid plexuses= capillaries covered by 

ependymal cells  

 CSF is  secreted from the capillaries toward 

ependymal cells and then toward the 

ventricles  

 Location: (within ventricles in general) 

1- 2 lateral ventricles, one within each cerebral 

hemisphere 

2- Roof of 3rd ventricle 

3- Roof of fourth ventricle 

 

 

 

 

 

 

 

Drainage of CSF from ventricles  

 Lateral ventricle→ Third ventricle→ fourth ventricle →lateral 

and median apertures→ subarachnoid space →  mainly superior 

sagittal sinus.  

 

 One median aperture & two lateral apertures allow CSF  to  exit 

from the interior of the brain. 

As we Said earlier , choroid plexuses are connected to 

each others , they are supported by sheets of pia mater 

(tela choroidae) 



P a g e  17 | 20 

 

Flow of Cerebrospinal Fluid ( the  doctor skipped the following 2  pictures)  

 

 

 

 

 

 

 

 

 

Reabsorption of CSF  

 Reabsorbed through arachnoid villi  

 Clusters of Arachnoid villi that penetrate dural sinuses are called 

arachnoidgranulations. (where drainage of CSF toward venous 

system occurs) 

 

 0.5 ml/min reabsorption rate = same as production rate 

  When pressure in  

CSF >  venous Reabsorption occur 

 When pressure in venous > CSF  arachnoid villi work as valves  

 Physiological Valves are important because they guarantees that CSF will only move from 

arachnoid granulations toward the sinuses not the opposite. 
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 The doctor skipped Slides (24-26) , but here they are for 

those who want to read them  
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Extensions of the subarachnoid space  

o Arachnoid mater , pia mater and subarachnoid space 

cover the blood vessels for a specific point in the 

brain, until both arachnoid mater and subarachnoid 

space disappear and only pia mater remains (they 

continue to cover the choroid plexuses)  

 

o These Subarachnoid spaces that cover the blood vessels are called perivascular spaces  

 

o Subarachnoid space around the cranial nerves ends at the exits of the nerve from the cranial 

cavity and both pia mater and arachnoid mater remain covering  the cranial nerves at their exits 

(foramens ), they form Part of the epineurium (the connective tissue 

surrounding the nerve).  

 

o Exception , optic nerve , subarachnoid space 

continues until the posterior wall of the eye ball  

and fuses with sclera.  

 

 

Blood brain barrier   

• It’s necessary in the brain to select the materials passing to the brain tissue according to the 

size and nature.  

• BBB protects cells from some toxins  and pathogens 

 proteins & antibiotics can not pass  but alcohol & 

anesthetics do 
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 Structure of BBB  

 tight junctions seal together  epithelial cells ,no fenestrations 

 continuous basement membrane 

 astrocyte processes covering  capillaries 

 

Areas without BBB 

• These areas are in direct contact with the blood ,examples: 

1- Area postrema in the floor of the  fourth ventricle 

2- Areas in the hypothalamus 

 Structure 

1- Endothelial fenestrations 

2- Sheets of astrocyte aren’t  completed  

Blood Cerebrospinal Fluid Barrier 

 Structure 

• Endothelial cells 

• BM of endothelial cells 

• Pale cells 

• BM of choroidal epithelial cells (ependymal cells) 

• Zona occludens  

• Tight junctions seal the choroidal  epithelial cells 

 

 

 


