
BRAIN ANATOMY 

  FROM A CLINICAL AND NEUROSURGICAL PERSPECTIVE 

 
A clinically oriented manual of neuroanatomy  

  

 
Antonio Di Ieva, MD, PhD, FRACS 

 
Associate Professor of Neuroanatomy & Neurosurgery 

Faculty of Medicine and Health Sciences 
Department of Clinical Medicine 

Macquarie University 

 

 

 

© A. Di Ieva 2011 & 2018 



2 
 

	



3 
 

	

	



4 
 

MEDICAL	UNIVERSITY	OF	VIENNA	-	PREFACE	
Das Alpha und Omega der medizinischen Wissenschaft ist die 
Anatomie. Was dazwischen liegt, gehört der Klinik. 
(Anatomy is the alpha and omega of medical science. What lies 
between belongs to clinical medicine) 
          Joseph Hyrtl (Professor of Anatomy in Vienna, 1810-1894)  

 

   The brain is one of the most amazing products of evolution and, notwithstanding the incredible 

amount of discoveries, there are still many unresolved questions regarding its structure and function. 

Anatomy and physiology of the nervous system respresent an endless field of research. The 

understanding of the human brain has passed through several distinct levels of analysis, from 

anatomical dissection to philosophical questioning, from histological analyses to psychological 

theories, from artistic representation of its anatomical structures to modern neuroimaging. Students 

and scientists who set out to study the brain are often struck with the complexity of the material to be 

learned, but they are generally sustained by a strong enthusiasm to try to understand the incredible 

organ which gives them the capacity of being. This is the same enthusiasm which also gives rise to the 

motivation of very experienced neuroscientists to try to understand, in ever closer detail, the wonder 

aroused by this sublime organ.  

An anatomical understanding of the brain cannot prescind from its function. The high complexity of 

brain anatomy, associated with the necessity to remember a myriad of new terms, is often made easier 

by the understanding of the direct relationship of each distinct anatomic structure and its specific 

neurologic (dys)function. Moreover, the description of surgical approaches allows for three-

dimensional understanding of the topographic anatomy of a region, with the aim of bearing in mind 

the syntopy of the anatomical structures (i.e., how the structures are related to each other). Even if it 

might be considered controversial, the use of eponyms can help to understand and learn anatomy, 

too, offering an interesting continuum between history, research and medicine in the practical clinical 

setting of a physician. Students often ask, and can more easily learn, anatomical structures (including 

names, eponyms and variants) when these are associated with some practical applications, especially 

when contextualized in a holistic cultural background. The Institute of Anatomy of the Medical 

University of Vienna offers a perfect frame for this kind of approach: in the same rooms where 

generations of celebrated anatomists produced some of the most famous anatomical engravings and 

textbooks of the world, students still have the opportunity of performing dissections on human bodies. 

At the same university the most innovative technologies for radioanatomical research are also 

accessible, such as ultra-high-field (7 Tesla) magnetic resonance and tractography, to visualize and 

“dissect” the secrets of the brain in vivo. The laws and the cultural background of Austria also allow 

for these studies (albeit with more limitations than in the past), thanks to the generous contribution 

of many people who voluntarily donate their body to the institute for didactic and research purposes.  
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In the actual program of anatomical studies at the Medical University of Vienna, during the third block 

(“Organmorphologie III”) four days are specifically designated for the dissection of the human brain, 

associated with lessons and seminars of neuroradiology. The present booklet is specifically intended 

and written to assist students in understanding brain anatomy and physiology during that short time 

(as well as in my course “Brain Anatomy in neurosurgical perspective”), in order to contextualize brain 

anatomy in a general frame with various clinical remarks, especially interesting in the fields of 

neurology and neurosurgery. Considering that for each structure an endless list of anatomic, 

physiologic and pathologic data has been collected, making the “students’ job” always harder, only the 

most interesting points (as concluded by discussion of the author with some students) are presented 

here. This is the reason why the text can appear “disbalanced” in some parts (for example, the 

description of all the nuclei of the cranial nerves in the brain stem has been skipped intentionally). 

Syntopy of the anatomical structures (i.e., topographic anatomy) has been focused on, and emphasis 

has been given to the correlation of the anatomical findings with important clinical remarks. Although 

the language chosen for the booklet is the most widely used language in scientific literature, the 

anatomical terms are written in Latin (according to the “Terminologia Anatomica”, Federative 

Committee on Anatomical Terminology, 1998), as in use at the Medical University of Vienna and in 

several countries.  

The final “secret” aim of the present booklet is also to attempt to “inject” enthusiasm into students to 

approach the knowledge of this marvelous jewel called the brain or, maybe, ignite them with the 

passion to deepen the topics, thus providing the future with some personal contributions to 

neuroscience. 
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MACQUARIE	UNIVERSITY	-	PREFACE	
 

 Over the last years, this booklet has been used by several undergraduate and medical students, 

as well as neurosurgery residents and specialists at the Medical University of Vienna and the University 

of Toronto. Morever, I distributed this manual at my national and international workshops of 

neuroanatomy and neurosurgery worldwide. I am glad that it unexpectedly spread “computer-to-

computer” and mouth-to-mouth in a relatively quick fashion, and I cannot hide my surprise to have 

found it on the desks of several places around the World.   

 It is obvious that no one expects medical students to learn the neurosurgical approaches, but 

over time I have confirmed that contextualising topographic anatomy in surgical applications makes 

the “arid” anatomy more interesting. Moreover, there is no doubt that the actual (and future) 

neuroanatomy is more neuroimaging- rather than cadaver dissection-based, and this has been taken 

in account, too, in a neuroanatomy booklet which can be read and studied at different levels of analysis 

and training, from medical to PhD students, from residents and registrars to specialists. 

 Over time (and space!), I have witnessed the gradual reduction of teaching and learning of the 

huge body of neuroanatomy to “pills and sketches of knowledge”, making the study of brain anatomy 

more and more restricted and segmentary. I still believe that some scholars are very hungry for 

knowledge, and this booklet and all of the suggested references are therefore likely addressed to those 

who are eager to overcome the limitations of academic rules and schemas, as well as university time 

restrictions.  

 Following some general (minor) revisions, I have now replaced a great part of the Latin 

definitions with English terms (except in the figures), and I am glad to re-present the booklet in 

Australia, to the benefit of undergraduate and medical students at Macquarie University as well as 

amongst other scholars, with the hope, again, to ignite their passion to pursue the study and research 

of human brain. 

 

         Sydney, September 2018 
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HISTORICAL	VIGNETTE	OF	THE	BRAIN	
 

Anatomical dissections on human beings were practiced and 

documented for the first time in Alexandria, Egypt, in the third 

century BC. The eponyms and/or descriptions of several anatomical 

structures are still associated with the first anatomists in history, 

such as Erasistratus (304 BC – 250 BC), Herophilus (335 BC – 280 

BC), Alcmaeon (6th Century BC), Hippocrates (460 BC – 375 BC). Th 

brain was initially considered an organ of secondary importance, which explains why the Egyptians 

used to remove it from cadavers via the nose for the process of mummification and throw it away, 

while other organs were preserved in canopic jars. For Aristotle, the brain was a mere “cooling 

structure”, and the organs which were considered most important were the liver and the heart. The 

“cardiocentric” view was replaced by an “encephalocentric” theory, postulated by Alcmaeon of 

Croton, who identified the brain as the center of human intelligence. Despite the anatomical 

observations on human beings of the first anatomists, who most likely also performed vivisection, 

Galenic theories, based on observations in animals, dominated the study of human anatomy for more 

than 1500 years. It is known that Galen (129-199/217) performed dissections on animals only, and the 

arbitrary transposition of his observations to humans led to erroneous descriptions of human anatomy. 

The origin of modern human anatomy can be traced back to the Middle Ages, to the University of 

Bologna, Italy, when Mondino de’ Luzzi (1270–1326) and his pupil Guido da Vigevano (1280-1349) 

“restored” anatomy from the darkness of Galen’s dogmas. Guido introduced the use of anatomical 

illustrations, creating a milestone in the development of anatomy as scientific and artistic field. 

Cadaver dissections, as a scientific method for the description and understanding of the human body, 

gave rise to the recognition of anatomy as a specific field of medical science. The exploit of anatomy, 

in its modern meaning, occurred during the Renaissance, with the birth of many anatomical theaters 

(such as the famous and beautiful theater in Padua). During the Italian Renaissance, many 

multitalented men of genius contributed to the artistic and scientific advancement of anatomy, such 

as Donatello (1386–1466), who is considered the first artist who dissected human bodies, 

Michelangelo (1475-1564), Eustachius (1500-1574), Vesalius (1514-1564), and Leonardo da Vinci 

(1452–1519), the latter considered the “founder of physiologic anatomy”. The search for the 

relationship between structure and function, as postulated by Leonardo, gave rise to the trend of 

looking for the “seat of the soul” in the subsequent centuries. For this reason, anatomical dissections 

and descriptions began to be associated with physiological and philosophical theories. In the course of 
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the centuries, the soul was postulated to be seated in the corpus callosum, or in the ventricles, the 

cerebrospinal fluid, pineal gland, or cortex.  

The exponential exaltation of Medicine following the 18th Century allowed for the full development of 

descriptive and functional anatomy, particularly in the study of the brain, up until the most recent and 

amazing neuroscientific discoveries. 

Despite there being many more, some famous names of anatomists who are still now associated to 

their discoveries and theories in neuroanatomy are listed in the following table:  

• Giulio Cesare Arantius (1477-1552), who described and named the hippocampus, noting the similarity of this 

structure to the sea horse 

• Costanzo Varolio (1543–1575), who described the formation of the pons 

• Arcangelo Piccolomini (1525–1586), who described the origins of the intracranial nerves 

• Franciscus Sylvius (Franz de le Boë: 1614-1672), who described the aqueduct and the lateral fissure 

• Thomas Willis (1621–1675), who described the vascularization of the brain and the anastomotic circle bearing his 

name 

• Marcello Malpighi (1628–1694), who introduced the use of the microscope in anatomy 

• Giovanni Maria Lancisi (1654-1720), who described the indisium griseum and the longitudinal striae of the corpus 

callosum 

• Antonio Pacchioni (1665–1726), who described the arachnoid granulations bearing his name 

• Domenico Mistichelli (1675–1715), who described the crossing of the nerve fibers in the medulla oblongata 

• Domenico Cotugno (1736-1822), who discovered the cerebrospinal fluid 

• Luigi Rolando (1773-1831), who described the central sulcus 

• Samuel Thomas von Sömmering (1755-1830), who enumerated the cranial nerves (classification still in use) 

• Johann Christian Reil (1759-1813), who described the insula (also defined “Island of Reil”) and the arcuate fasciculus 

(connecting the two speech-areas) 

• Alexander Monro (1733-1817), François Magendie (1783-1855) and Hubert von Luschka (1820-1875), who 

described the ventricular foramina (bearing their names) 

• Louis Pierre Gratiolet (1815-1865), who provided the first accurate descriptions of the cerebral lobes and fissures, 

especially of the optic radiations 

• Paul Broca (1824-1880), who described the first cerebral topographical and functional relationship (the known 

speech area bearing his name) and provided the first description of the limbic lobe 

• Korbinian Broadmann (1868-1918) and Constantin Freiherr von Economo (1876-1931), who described the 

cytoarchitectonics of the brain 

• Harvey William Cushing (1869-1939), pioneer of modern neurosurgery and of the studies and operations of the 

pituitary gland (e.g., Cushing’s syndrome and disease) 

• Wilder Penfield (1891-1976), the famous neurosurgeon who described the motor and somatosensory homunculi 

of the cortex 

• Lars Leksell (1907-1986), father of stereotaxy and pioneer of radiosurgery and functional neurosurgery. 

 
Hieroglyphic word meaning “Brain” (Edwin Smith´s Papyrus, 3000 BC) 



9 
 

OVERVIEW	
The brain is formed by three parts: the cerebrum, cerebellum and brain stem, all included in the 

neurocranium. Based on morpho-functional data, the regions of the brain are: 

- Telencephalon: cerebral hemispheres (cerebrum), with the phylogenetically most recent 

cortex 

- Diencephalon: the zone “between” the brain, formed by thalamus, metathalamus, 

hypothalamus (telencephalon and diencephalon together constitute the prosencephalon) 

- Mesencephalon: formed by the tectal plate, tegmentum, cerebral peduncles 

- Rombencephalon: including metencephalon (pons and cerebellum) and myelencephalon 

(medulla oblongata). 

The cerebrum is composed of two hemispheres, right and left, separated by the longitudinal fissure 

and interconnected with each other mainly by the corpus callosum. For each hemisphere, three 

surfaces (lateral, medial and basal) and three poles (frontal, temporal and occipital poles) can be 

differentiated. The identification of the main sulci on the surface of the cerebrum allows for 

discernment of the cerebral lobes: frontal, parietal, temporal and occipital lobes, as well as the insular 

lobe, hidden in the depth of the sylvian fissure. The cerebral lobes take their names from the overlying 

bones of the skull. The frontal pole relates to the frontal bone, lying below its vertical portion, on the 

orbital roof. The occipital pole is associated with the occipital bone, lying over the tentorium. The 

temporal pole lies in the middle cranial fossa, and relates to the posterior wall of the orbit. The gentle 

splitting of the two hemispheres in a lateral direction allows for the visualization of the corpus 

callosum.  

The brain is covered by meninges. The cerebral falx is the portion of dura mater running in the depth 

of the longitudinal fissure, separating the two hemispheres, except in its more anterior part, where 

the medial faces of the frontal lobes (cingulate gyri) face each other.  
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SKULL	
The “holder” of the brain is the skull (the neurocranium is the “brain box”, while the bones of the face 

form the splanchnocranium or viscerocranium).  

The neurocranium has two components, the “hub” (calvaria), and the floor of the cranial cavity, on 

which the brain rests, defined as the skull base (skull base).  

For the clinico-anatomical relationship between the foramina of the skull base and the cranial nerves, 

the latter will immediately be described in the following section. 

Calvaria	
The cranial vault is formed by the frontal, parietal, occipital, and temporal bones, with some 

contributions from the greater wing of sphenoid bone. The frontal bone is formed by a vertical portion, 

which corresponds to the forehead, and a horizontal portion, forming the roofs of the orbital and nasal 

cavities. It interdigitates with the greater wing of sphenoid bone, with the parietal bone and with the 

zygomatic process. The two parietal bones form part of the lateral sides and roof of the cranium. The 

occipital bone forms the posterolateral and posterior part of the cranial vault, contributing to the 

formation of the floor of the posterior cranial fossa. It contains a central large oval aperture, the 

foramen magnum. The temporal bone has a pars petrosa (border of the middle cranial fossa), a pars 

squamosa (concurring with the formation of the lateral cranial vault), a pars tympanica as well as a 

mastoid process and styloid process. The sphenoid bone is an unpaired bone, of which the two lateral 

greater wings contribute to the formation of the lateral cranial vault. The lobes of the brain take their 

name from the overlying bones (the only exception being the insula, which is buried in the lateral 

sulcus and has no direct relationship with the bone!). Some holes are present on the calvaria, in general 

crossed by anastomotic veins between the meninges and the epicranic veins (e.g., parietal foramen). 

The endocranial surface of the cranial vault is impressed by the course of the meningeal vessels (e.g., 

groove of the middle meningeal artery). Sutures separate the different bones on the calvaria. The 

coronal suture (so defined because it is the part of the head to receive a “corona”: crown) divides the 

frontal bone from the parietal bones. The sagittal suture divides the two parietal bones along the 

midline of the calvaria, reaching the lambdoid suture. The latter divides the occipital bone from the 

parietal bones. The squamous suture divides the temporal bone from the frontal and parietal bones.  

Pathologies of the cranial sutures (i.e., premature ossification of the interdigitations) are defined as 

craniosynostosis, which cause deformation of the head and are correlated with potential dysfunctions 

of the development of the brain (in some genetic syndromes). Exemplary kinds are the synostosis of 

the sagittal suture, causing deformation of the skull with the biparietal diameter markedly reduced, or 

the synostosis of the coronal suture, resulting in so-called plagiocephaly (in which the typical 

deformation is the flatted forehead). 
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Skull	base	
The skull base has an internal (endocranial) surface (inner skull base) and an external (exocranial) 

surface. The bones which form the skull base are: frontal bones, sphenoid bone, ethmoid bone, 

temporal bones and occipital bone (the anterior part of the exocranial surface is also formed by the 

maxillary and palate bones). 

The skull base is anatomically divided into three parts (fossae). The anterior skull base (anterior cranial 

fossa) is formed by the ethmoid bone, sphenoid bone and frontal bones. The anterior skull base is 

delimited anteriorly by the frontal bone and the posterior wall of the frontal sinus, and posteriorly by 

the limen of the lesser wing of sphenoid bone. The frontal lobes of the brain lie on the roofs of the 

orbits. The middle skull base (middle cranial fossa) is formed by the sphenoid bone and temporal 

bones. It is delimited anteriorly by the lesser wings of sphenoid bones, posteriorly by the pars petrosa 

of the temporal bones. The temporal lobe lies in the middle cranial fossa. The central part of the middle 

cranial fossa is defined as the sella turcica (it is part of the sphenoid bone). The sella turcica has 

fundamental relationships: the sellar compartment contains the hypophysis, separated by the 

“suprasellar” compartment (brain) from a meningeal sheet, the diaphragma sellae, which has an 

opening at the center, the ostium of the diaphragma sellae, crossed by the pituitary stalk. The lateral 

parts of the sellar compartments are defined as “parasellar compartments”, the location of the 

cavernous sinus, crossed by some cranial nerves and by the internal carotid artery. The sella turcica 

has a strategic localization for neurosurgeons: in fact, it is the main “door” to access the pituitary gland 

and brain via endonasal approaches (endonasal transsphenoidal approaches, performed with the aid 

of the operative microscope or endoscopically). The posterior skull base (posterior cranial fossa) is 

formed by the occipital bone. This fossa is delimited anteriorly by the posterior walls of the pars 

petrosa of the temporal bone and posteriorly by the grooves for the transverse sinuses. It contains the 

foramen magnum, crossed by the brain stem which continues downward into the spinal cord.  

Above the exocranial surface of the skull base, some specific structures should be identified, such as 

the pterygoid process (medial and lateral plates), the styloid process of the temporal bone, the tip of 

the mastoid, and the occipital condyles (fractures of the latter are the cause of cranio-vertebral 

instability). 

The definition of the anatomy of the skull has to include also the description of the paranasal sinuses. 

The cavities of the frontal sinus are situated in the frontal bone, behind the supraorbital margin, 

delimited by anterior and posterior walls, very heterogeneous in shape, volume and 

presence/morphology of septae. The sphenoid sinus (the main “door” for the endonasal 

transsphenoidal approach) is contained within the body of the sphenoid bone and is also very 

heterogeneous in shape, volume and presence/morphology of septae. Fractures of the walls of the 



12 
 

sinuses result in free communication between the exo- and endocranial compartment, with risk of 

meningeal and/or brain infections, or meningeal fistulae, with cerebrospinal fluid leak (a condition 

which often necessitates surgical treatment). 

Several foramina can be found in the skull base. For each foramen, it is very important to remember 

its relationships with blood vessels and/or nerves. The syntopy of the neurovascolar structures related 

to the foramina is strictly linked with certain clinical information, so we summarize the names of the 

main foramina with the structures crossing them here: 

Foramina of the lamina cribrosa 
Olfactory nerve bundles from the nasal mucosa to the 

olfactory bulb 

Anterior and posterior ethmoidal foramina  Anterior and posterior artery and vein  

Optic canal Optic nerve and ophthalmic artery 

Superior orbital fissure 
Nerves III, IV, V (V1: ophthalmic nerve), superior and inferior 

ophthalmic veins 

Inferior orbital fissure Inferior ophthalmic vein, infraorbital nerve 

Foramen rotundum Trigeminal nerve (V2: maxillary nerve) 

Foramen ovale Trigeminal nerve (V3: mandibular nerve) 

Foramen spinosum Middle meningeal artery and vein 

Foramen lacerum Internal carotid artery with sympathetic plexus in its adventitia 

Internal auditory meatus Nerves VII, VIII and intermedius, labyrinthine artery 

Jugular foramen 
Nerves IX, X, XI, convergence of inferior petrous sinus and 

sigmoid sinus into jugular vein 

Hypoglossal canal nerve XII 

Foramen magnum 
Medulla oblongata, vertebral arteries, spinal roots of the nerve 

XI, spinal arteries 

 

 

  



13 
 

CRANIAL	NERVES	

I: Olfactory nerve. It is formed by about 20 fila olfactoria, where the olfactory fibers from the mucosa 

nasalis converge. They cross the foramina of the cribriform plate of ethmoid bone, in the anterior 

cranial fossa, reaching the olfactory bulbs. The olfactory bulb is a rostral enlargement of the olfactory 

tract, where mainly the mitral cells project their axons to the olfactory cortex via the medial and lateral 

olfactory striae. The lateral olfactory stria is more prominent, projecting to the primary olfactory 

cortex, whereas the medial olfactory stria carries impulses to the limbic system (emotional response 

to odors). The two striae form a triangle (trigonum olfactorium) on each side, where it is possible to 

see a zone of the basal brain called anterior perforated substance, crossed by several terminal arteries 

supplying the basal ganglia and the internal capsule. Lesions of the olfactory nerve cause anosmia. 

Fractures of the anterior cranial fossa with the involvment of the cribriform plate of the ethmoid bone 

can give rise to cerebrospinal fluid leak with associated anosmia.  

II: Optic nerve. A bundle of nervous fibers, which leave posteriorly the retina to reach the optic chiasm, 

carrying visual information. It is important to emphasize that the olfactory nerve as well the optic nerve 

are tracts of the central nervous system and not true nerves. The optic nerve passes through the optic 

canal. The nerve joins the contralateral optic nerve in the optic chiasm, where approximately 50% of 

the axons cross the midline. Posterior to the chiasm a great portion of the axons reach, by means of 

the optic tract, the lateral geniculate body, from where the sensory neurons reach the occipital 

(calcarine) cortex via the optic radiations (geniculocalcarine tract, or Gratioliet’s radiations). Some 

axons reach the optic radiations by a different pathway, after a loop in the temporal lobe (Meyer’s 

loop). It is very important to focus on the physiology of vision and the anatomic visual pathways, for 

which reason it is suggested to refer to specific books (listed in the reference chapter). Here it is 

essential to remember that the image of the lower visual field is projected to the upper part of the 

calcarine fissure, and viceversa, while the right visual field is projected to the left hemisphere, and 

viceversa. The optic nerve also carries some fibers involved in the pupillary reflexes. The 

physiopathological spectrum of the optic nerve is very wide. Here we merely mention bitemporal 

hemianopsia (loss of bilateral vision) due to the compression of the optic chiasm caused by pituitary 

tumor (e.g., adenoma) extending above, while the homonymous hemianopsia (loss of vision of the 

whole visual field) is due to a lesion of the contralateral geniculocalcarine tract.   

  

 

 The nerves for the motion of the eyes are the III, IV and VI, which innervate the six extraocular 

muscles.  
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III: Oculomotor nerve.  It innervates all the extrinsic muscles of the eye, except the lateral rectus 

muscle and the superior oblique muscle. This nerve originates in mesencephalic nuclei, leaving the 

mesencephalon from the oculomotor sulcus, medially to the cerebral peduncle. It crosses the roof of 

the cavernous sinus and enters the orbit via the superior orbital fissure, where it divides into a superior 

branch (supplying the superior rectus muscle and levator palpabrae muscle) and an inferior branch (for 

the medial rectus muscle, inferior and oblique inferior muscles, and also the parasympatic fibers for 

the ciliary ganglion). The parasympathetic fibers originate from the Edinger-Westphal nucleus (in the 

mesencephalon), innervating the iris constrictor muscle, for the mechanism of pupillary myosis, and 

ciliary muscles, involved in the control of the shape of the lens. Lesions of the oculomotor nerve cause 

deficits in the specific innervated extraocular muscles, with associated strabismus, diplopia. A lesion 

of the third cranial nerve can also cause lid drop (ptosis) and mydriasis. 

IV: Trochlear nerve. This nerve originates in the mesencephalic tegmentum, on the contralateral side, 

exiting dorsally (it is the only nerve which exits dorsal to the brain stem!), below the superior colliculus 

and around the cerebral peduncle, reaching the lateral wall of the cavernous sinus and entering the 

orbit via the superior orbital fissure to innervate the superior oblique muscle.  The latter has a tendon 

which curves around on the trochlea of the orbit to reach the superior part of the eye bulb, which is 

the reason why the nerve is called trochlear. The contraction of this muscle causes the inward rotation 

and downward and lateral movement of the bulb. Damage to the fourth cranial nerve makes it very 

difficult, for example, to go down the stairs.  

V: Trigeminal nerve. At its origin on the ventral surface of the pons, the trigeminal nerve is formed by 

a radix major (sensitive), and a radix minor (motor). Both branches reach the semilunar ganglion (of 

Gasser), from which, mediolaterally, the 3 branches are the ophthalmic nerve (V1), maxillary nerve (V2) 

and mandibular nerve (V3). V1 enters the lateral wall of the cavernous sinus and, via the superior orbital 

fissure, the orbit, where further divisions occur (lacrimal, frontal and nasociliary nerves). V2 enters the 

pterygopalatine fossa via the foramen rotundum, to reach therefore the orbit via the inferior orbital 

fissure (infraorbital nerve). V3 carries a sensitive component and the motor component of the radix 

minor of the trigeminal nerve. This branch exits the skull base via the foramen ovale. Among other 

branches, V3 gives rise to branches which innervate the tensor veli palatini and tensor tympani muscles 

(the latter involved in the regulation of sound intensity). The motor component also innervates the 

chewing muscles (masseter, temporal, and pterygoid muscles). The sensitive branches of the 

trigeminal nerve carry touch, pain, thermic, and proprioceptive information from the whole face, 

conjunctiva, cornea, orbit, frontal sinuses, nasal cavity, palate, nasopharynx and meninges.  

The most common neurological syndrome associated with the trigeminal nerve is trigeminal neuralgia, 

a lancinating pain in the specific territories innervated by the branches of the fifth cranial nerve. In 
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same cases this condition is caused by the compression of the nerve by a cerebellar artery, which is 

why neurovascular decompression via a neurosurgical operation may be indicated. 

VI: Abducens nerve. This nerve innervates the lateral rectus muscle, which makes “abduction” (lateral 

movement) of the eye possible. It emerges from the latero-ventral side between the pons and medulla, 

medial to the facial nerve, therefore entering the cavernous sinus, where it runs free, contrariwise to 

the other intracavernous nerves which are included in the meningeal lateral wall. The nerve enters the 

orbit via the superior orbital fissure. The lesion of the sixth nerve causes paralysis of the abduction of 

the eye, which can be a sign occurring in states of increased intracranial pressure (most likely due to 

the long intracranial course and fragility of the nerve). 

The nuclei of the three nerves for oculomotion lie in the brain stem, and are highly interconnected 

with each other (via the medial longitudinal fascicle and other pathways) for the coordination of all 

the muscles of both eyes. Deficits in the coordination of the eyes’ movements can be caused by tumors 

or sclerotic plaques (multiple sclerosis) in the tegmentum. For the neurological syndromes related to 

deficits in oculomotion, please refer to physiology and neurology textbooks. 

VII: Facial nerve. It emerges from the brain stem in two distinct bundles, the motor branch and the 

nerve intermedius (it is “intermedius” between the motor branch of the VII and VIII nerves, carrying 

sensory and parasympathetic fibers). The facial nerve crosses the pars petrosa of temporal bone (via 

the internal auditory meatus) to reach the geniculate ganglion (neurons involved in taste). The nerve 

VII leaves the skull base emerging from the stylomastoid foramen to cross the parotid gland and to 

innervate facial muscles (involved in facial mimics, and stapedius muscle, involved in the control of 

sound intensity, like the tensor tympani muscle, innervated by the fifth nerve). Sensory fibers also 

innervate the external part of the tympanic membrane. The facial nerve is also involved in the 

sensation of taste, via the chorda tympani and the superior petrosal nerve. The parasympathetic 

component of the facial nerve is responsible for control of the salivatory glands (except the parotid 

gland, which is innervated by the IX nerve via the otic ganglion). For the neurological examination of 

the facial nerve, it is important to remember that the motoneurons of the cortex which give rise to the 

corticobulbar fibers (which run in the internal capsule) innervate the muscles of the forehead 

bilaterally, whilst all the remaining facial muscles are innervated by contralateral neurons: this 

anatomic feature is important for localization of the lesion, to differentiate upper motor neuron from 

lower motor neuron lesions. The most typical syndrome affecting the facial nerve is Bell’s palsy, in 

which all the ipsilateral muscles of the face are involved. Knowing the anatomic pathways of the nerve, 

it is easy to understand all the typical signs of this disease: eyebrow drop, paralysis of all the mimic 

muscles, stretching of the nasolacrimal duct with failure of draining of lacrimal fluid (“crocodile tears”), 

deficit of the conjunctival reflex, food accumulation in the buccal cavity due to paralysis of the 
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buccinator muscle, hyperacusia (due to paralysis of the stapedius muscle). Lesions of the facial nerve 

can also cause loss of taste (in the anterior two-thirds of the tongue). 

VIII: Vestibulocochlear nerve. It is formed by two distinct nerves, the vestibular nerve (balance 

information) and the cochlear nerve (hearing). The nerve crosses the skull base at the internal auditory 

meatus, and it is formed by the axons originating from sensory receptors of the vestibulocochlear 

organ (cochlea, labyrinth and semicircular canals) in the internal ear. The nerve enters the brain stem 

posterior to the facial nerve, projecting to the cochlear nuclei (hearing fibers) and vestibular nuclear 

complex. Damage of the cochlear component gives rise to tinnitus or hearing loss, while dysfunction 

of the vestibular apparatus results in dizziness and abnormal eye movements. The most common 

lesion affecting the two branches of the VIII nerve is the so-called “acoustic neuroma”, which is a 

vestibular schwannoma, meaning a benign tumor arising from the Schwann cells of the vestibular 

branch of the nerve. Depending on the size of the tumor, the symptomatology of vestibular 

schwannoma can vary from tinnitus and progressive hearing loss, dizziness, nausea, to the involvement 

of the nearest nerve, such as the facial nerve, trigeminal nerve or the lower cranial nerves.  

IX: Glossopharyngeal nerve. It is formed by several rootlets emerging laterally from the medulla of the 

brain stem, converging together in the nerve, which exits the skull base through the jugular foramen. 

It provides sensation to the posterior part of the tongue (general sensation and taste), in addition to 

some parts of skin around the ear, to the internal part of the tympanic membrane, pharynx and carotid 

body (the latter structure is involved in monitoring the oxygen tension in blood).  

X: Vagus nerve. It “wanders” within the body (the latin meaning of the word “vagus” is due to the long 

course of the nerve from the brain stem to the colon, reaching several organs in the thorax and 

abdomen). Several roots exit the medulla, converging into the nerve, which leaves the skull through 

the jugular foramen, to reach the neck (between the internal jugular vein and the internal carotid 

artery) and descending into the body to join cardiac, pulmonary, esophageal and intestinal plexi. 

Among the several branches of the vagus nerve, it is interesting to remember the recurrent laryngeal 

nerve, innervating the intrinsic muscles of the larynx, of which the anatomical course is very important 

in neck surgery and in operations of anterior cervical discectomy. Lesions of this nerve result in 

paralysis of the vocal cord (resulting in dysphonia). An interesting clinical correlation is that 

hyperactivity of the vagus nerve causes hypersecretion of gastric acid, the reason why a selective 

vagotomy was used in the past to treat this disease.  

XI: Accessory nerve. It is formed by axons coming from the upper cervical spinal cord, ascending into 

the skull through the foramen magnum, and converging into the nerve, which leaves the skull thorough 

the jugular foramen. The cranial rootlets of the XI nerve (pars vagalis) come from the nucleus of the 
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vagus nerve, which is why the nerve is defined as the accessory nerve of the vagus. The accessory nerve 

innervates the sternocledomastoid and trapezius muscles. Lesions of this nerve result in drop of the 

shoulder, with downward and lateral rotation of the scapula, in addition to weakness in the rotation 

of the head. 

XII: Hypoglossal nerve. From its nucleus in the medulla oblongata, the axons emerge from the brain 

stem from the ventrolateral sulcus in several rootlets, converging altogether into the hypoglossal 

foramen, anteriorly to the occipital condyle. This nerve innervates all the extrinsic muscles of the 

tongue (except the palatoglossus muscle, innervated by the nerve vagus). For the contralateral 

innervation of the muscles of the tongue, a peripheral lesion of the nerve causes deviation of the 

tongue towards the side of the inactive muscle (because of the action of the contralateral functioning 

muscles). 
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MENINGES,	CISTERNS	AND	CEREBROSPINAL	FLUID	

The brain is covered by meninges, a three-layer connective tissue. The first layer, adherent to the 

cortex, is the pia mater; the intermediate layer is the arachnoid mater, while the third layer, the most 

external and thick, is the dura mater. The latter is defined as pachymeninx, whilst pia mater and 

arachnoid form together the leptomeninges. The pia mater is strictly adherent to the cortex, while the 

arachnoid has a space below, which is much larger in some specific cavities. These spaces are defined 

as cisterns, which are areas of subarachnoid space, always filled with cerebrospinal fluid, and 

frequently by neurovascular structures (blood vessels and nerves). The external meningeal layer is 

formed by several different histological sheets of collagen, joined together in an internal layer and an 

external periosteal layer, the latter strictly adherent to the bone. The dura mater is crossed by 

meningeal arteries, veins and nerves. Three arterial systems vascularize meninges, of which the middle 

meningeal artery is the most significant. The middle meningeal artery comes from the maxillary artery 

entering the middle cranial fossa via the foramen spinosum. The artery leaves an impression on the 

endocranial surface of the skull, leaving some frontal and temporo-parietal branches. The epidural 

space is a virtual space, because the periosteal layer and dura mater are apparently fused together. 

Nevertheless, some conditions (meningeal tumors or bleeding) can fill this virtual space, splitting the 

dura mater from the internal layer of the cranial vault. A fracture of the calvaria or skull base along the 

course of the middle meningeal artery, for example, can cause laceration of this artery, and the 

accumulation of arterial blood (i.e., under high pressure) in the epidural space. This condition is called 

“epidural hematoma”, a neurosurgical emergency which requires immediate treatment to save the life 

of the patient. Epidural haematoma causes, in fact, compression of the underlying ipsilateral 

hemisphere, which shifts its structures to the contralateral side (the so-called “midline shift”, as in the 

figure on pg. 87). The condition results in contralateral weakness and ipsilateral mydriasis. These two 

neurological signs are fully understandable by means of the anatomical understanding of brain 

anatomy: the compressed hemisphere causes a herniation of the uncus (structure located medially in 

the temporal lobe) into the tentorial incisura (the median hole in the tentorium), compressing the 

ipsilateral cerebral peduncle (fig. on pg. 66). The cerebral peduncle carries the pyramidal tract for the 

innervations of the muscles of the contralateral side of the body. Its dislocation and compression 

against the free margin of the tentorium causes the contralateral hemiparesis. The same dislocation 

of the uncus causes also the compression of the third nerve, the oculomotor nerve, which runs below 

the tentorium toward the cavernous sinus. The weak parasympathetic fibers run externally to the 

nerve, originating from the nucleus of Edinger-Westphal, which is involved in the constriction of the 

iris constrictor muscle (causing pupillar myosis). The break in nervous conduction of these fibers causes 

the mydriasis. A very unusual neurological condition, called “Kernohan phenomenon”, is noteworthy 

here only to emphasize the importance of a deep understanding of neuroanatomy to have the basis 
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to elucidate the reasons for the different clinical and neurological states. In this rare syndrome, a false 

localizing sign occurs, because the ipsilateral mydriasis in the epidural hematoma (or in any condition 

causing shift of the midline structures) is associated with ipsilateral weakness. This condition can occur 

when an excessive herniation and dislocation of the uncus causes a compression and rotation of the 

brain stem. The effect of the rotation of the brain stem causes a compression of the contralateral 

cerebral peduncle against the tentorial free margin, causing, as a consequence, the ipsilateral 

hemiparesis. 

  

Meninges are the physical barrier protecting the brain, and are also a useful landmark to localize 

lesions. As discussed, epidural hematomas occur over the dura mater. Other diseases which can 

localize epidurally are abscesses, for example, coming from infections of the different structures of the 

head (e.g., infections originating from the ear or the paranasal sinuses). 

Accumulation of blood below the dura mater is defined as “subdural hematoma”. Even if classically 

described as bleeding occurring between arachnoid and dura mater, from the histological point of view 

the “subdural” hematoma is, more correctly, “intradural”, occurring between the different histologic 

layers of dura mater. Nevertheless, in general this kind of bleeding occurs due to stretching and rupture 

of “bridging veins”, especially upon trauma in older patients, when the paraphysiologic atrophy of the 

brain causes an increase in volume of the subdural space and an excessive stretching of these veins. 

For these reasons, older patients can be affected by subdural hematoma also following mild head 

traumas. The subarachnoid hematoma is an accumulation of blood between the pia mater and 

arachnoid, generally caused by the rupture of arteries which run in the subarachnoidal space. These 

arteries can become lacerated as a consequence of head traumas or due to certain congenital diseases, 

such as aneurysms. The subarachnoid bleeding tends to be confined, in general, to the subarachonoid 

space, often filling the surrounding cisterns. For completeness, two additional sites must be added: 

the intraparenchymal localization (intraparenchymal bleeding or tumor, meaning that they occur 

within the brain tissue) and intraventricular (inside the ventricular cavities). For didactic purposes, the 

picture on pg. 69 shows a total haematocephalus, a condition in which blood is located in each 

described compartment.  
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   The cranial cavity is compartmentalized by various meningeal folds, which are as follows: 

- Cerebral falx: a fold of dura mater descending vertically in the longitudinal fissure, dividing the 

cranial cavity into two symmetric cavities, right and left. It is attached rostrally to the internal 

cranial surface (the superior sagittal sinus lies in its triangular-shaped fold), while its free 

caudal margin, concave-shaped, contains the inferior sagittal sinus. The cerebral falx attaches 

perpendicularly to the cerebellar tentorium, where the straight sinus (sinus rectus) runs.  

- Cerebellar tentorium: it is a meningeal “tent” covering the cerebellum, attached anteriorly to 

the pars petrosa of temporal bone (where the superior petrosal sinus runs) and posteriorly to 

the internal surfaces of the occipital bone (where the transverse sinus runs). It has a central 

anterior opening (tentorial incisura), occupied by the brain stem. Tentorium divides the cranial 

cavity into two spaces, the supratentorial and infratentorial compartment (the latter occupied 

by the cerebellum and brain stem). 

- Cerebellar falx: this is a dural fold below the tentorium, which divides the two cerebellar 

hemispheres. 

- Diaphragma sellae: this is a horizontal meningeal fold attaching to the four clinoid processes, 

forming the roof of the sella turcica. It possesses an opening in the middle (ostium of the 

diaphragma sellae), crossed by the pituitary stalk. It separates the supradiaphragmatic space 

from the infradiaphragmatic space, where the pituitary gland lies.  

 

 Ventricles are the cavities in the brain filled with cerebrospinal fluid (CSF). There are two lateral 

ventricles, located in the hemispheres, communicating by means of the interventricular foramen 

(foramen of Monro) with the third ventricle. The lateral ventricles are C-shaped within the 

hemispheres, with a frontal horn, a cella media, a horn in the occipital lobe and a caudal extension in 

the temporal lobe (temporal horn). The distal part of the third ventricle opens into the aqueduct (of 

Sylvius), a single midline canal located in the mesencephalon, by which the CSF reachs the fourth 

ventricle, in the rhombencephalon. At the level of the fourth ventricle, CSF passes outside the brain 

into the cisterns of the posterior cranial fossa and spinal cord via three openings, the median opening 

(foramen of Magendie) and the two lateral openings (foramina of Luschka). CSF is produced by the 

cells of the choroid plexus, spongey structures located within the ventricles. CSF produced by the 

choroid plexus circulate within the ventricles (from the lateral ventricles to the third via foramen of 

Monro and from the third to the fourth ventricle via aqueduct), to enter the subarachnoid space, 

outside the fourth ventricle, by means of the three previously mentioned foramina (Luschka’s and 

Magendie’s). CSF fills the subarachnoid cisterns of the brain and, via the foramen magnum, reaches 

the subarachnoid space of the spine, where the greater portion of it is reabsorbed by capillaries (and 

not by the granulationes Pacchionii, as believed for a long time). Normally, the volume of CSF in adults 
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is about 150-200 ml and the whole amount of CSF is turned over about three times/24 hours. The 

largest cistern of the human body is present in the spine, the lumbar cistern, at the level between 

vertebrae L2 and S2 (it is the cistern where the spinal tap is generally performed). In the head, the 

biggest cistern is the cisterna magna (dorsal cerebellomedullary cistern). Cisterns are subarachnoid 

spaces, which are very important not only from an anatomical point of view. They also contain blood 

vessels and, in some locations, nerves. The content and anatomy of each cistern is fundamental for 

neurosurgeons, for two main reasons: 1) cisterns are often filled by pathological conditions (e.g., 

tumors and aneurysms); 2) they are the surgical corridor to reach the deep seats of the brain, avoiding 

the intraparenchymal route.  

More than 20 brain cisterns have been described in detail, since their first description by Key and 

Retzius in 1875.  

Cisterns located on the midline are unpaired structures, while the lateral cisterns are paired structures 

(sylvian cystern and ambient cistern on the left and right side).  

Below we summarize the anatomy and syntopy only of the most important cisterns.  

 

 
 
 
 
 
 
 
 
 
 
 
Injection of Berliner Blue in the cisterna magna, 
outlining all the cisterns of the brain (original figure 
from the first monograph on the brain cisterns, 
published by Key and Retzius in 1875). 

 

- Chiasmatic cistern. As suggested by the name, it contains the optic chiasm and optic nerves, 

being in close relationship with the interpeduncular cistern, posteriorly (by means of the so-

called “Liliequist’s membrane”), with the two lateral cisterns containing the carotid arteries, 

with the sylvian cisterns, and with the infundibulum. It is located over the diaphragma sellae, 

releasing various arachnoidal extensions into the sella (subdiaphragmatic cistern) via the 

ostium of the diaphragma sellae.  

- Sylvian cystern. The different names of this cistern clarify its anatomical location: sylvian 

cistern or cistern of the lateral fissure. It is a cistern allowing communication between the 

cisterns over the convexity of the brain (lateral fissure) with the deeper sites of the brain and 

its basal cisterns. It deepens in the sylvian vallecula, between the frontal and temporal lobes, 
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crossing the limen insulae. It is crossed mainly by the middle cerebral artery and by several 

lenticulostriate arteries. It is the cistern which can be split and crossed in the pterional 

approach (see chapter) to reach the deeper structures of the brain. 

- Interpeduncular cistern. As the two cerebral peduncles converge to the pons, they form a 

fossa (interpeduncular fossa), occupied by the interpeduncular cistern. Its anterior wall is a 

thick arachnoidal membrane stretching between the mesial surfaces of the temporal poles, 

behind the chiasmatic cistern, called Liliequist’s membrane. This cistern contains the top of 

the basilar artery with its quadrifurcation (the two posterior cerebral arteries and the two 

superior cerebellar arteries), as well as the oculomotor nerve. It is the cistern which becomes 

visible and accessible during the endoscopic operation of fenestration of the floor of the third 

ventricle for the treatment of some kinds of hydrocephalus (see chapter). The downward 

continuation of the interpeduncular cistern is the pontine cistern, in which the basilar artery 

is contained.  

- Ambient cistern. This is located laterally to the mesencephalon, at the level of the tentorial 

incisura, crossing, for this reason, both the supra- and infratentorial spaces. The main 

structures which cross this cistern are the posterior cerebral artery and the basal vein (of 

Rosenthal), as well as the trochlear nerve, superior cerebellar artery and optic tracts. 

- Dorsal cerebellomedullary cistern (cisterna magna). This is the biggest cistern of the 

intracranial cavity, allowing communication between the cistern of the dorsal spinal 

subarachnoid space and the intracranial cisterns via the foramen magnum. The cisterna magna 

contains the lower medulla and the lower cerebellar vermis, as well as the lower parts of the 

two cerebellar hemispheres, the posterior inferior cerebellar arteries, and vertebral arteries. 

This cistern can be reached via a suboccipital puncture for CSF sampling, although this 

hazardous technique no longer has clinical application. 
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BRAIN	SURFACE	

Cortex	

Phylogenetically, the neocortex is the most recent development of the telencephalon, different from 

the paleocortex (e.g., olfactory cortex) and from the archicortex (hippocampal cortex). Brain cortex 

has a multilayer structure, from the six layers of the neocortex to the three layers of the archicortex. 

An exemplary structure possessing archicortex is the hippocampus, in the limbic system. The 

paralimbic structures, such as the insula, parahippocampal gyrus and cingulate gyrus, have a 

transitional cortex (thus called mesocortex). 

The six typical layers of the neocortex are described here (beginning from the surface to the deeper 

layers):  

- I: Molecular layer 

- II: External granular layer 

- III: External pyramidal layer 

- IV: Internal granular layer 

- V: Internal pyramidal layer 

- VI: Multiform layer. 

It can be summarized that the molecular layer comprises mostly neuronal interconnecting 

arborizations; the two granular layers contain mostly small pyramidal and non-pyramidal cells, while 

the two pyramidal layers contain mostly large pyramidal cells. A special kind of large pyramidal cells 

are the so-called “Betz giant pyramidal cells”, in the lamina V, which are the first motoneurons of the 

pyramidal tract, giving rise to the axons forming the corticospinal and corticobulbar tracts. The 

tangential fibers of the cortex are very well visualized using specific histological techniques for white 

matter; by means of these techniques, it is possible to recognize two very well demarcated strips (inner 

and outer stria of Baillarger). The external stria of the calcarine cortex is visible to the naked eye, the 

so-called Gennari’s stria, which is part of the visual cortex. 

According to the different distribution of the layers in the different areas of the brain, the cortex can 

be defined as “agranular” (where there is a predominance of pyramidal cells, for example, in the motor 

area) and “granular” (where there is an abundance of granular cells, such as in the somatosensory 

areas). 

According to the different cytoarchitectures, several maps of the cortex have been carried out, of 

which the most famous and popular is the Broadmann’s map, which divides the whole cortex into 52 

areas. 

Each cortical area is involved in different functions, even if the modern functional maps of the brain 

are not as strictly “anatomically related” as the oldest maps. According to their function, lesions in 

each anatomical region of the cortex can produce some specific neurological deficits, summarized in 
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different definitions, such as “agnosia” (complex cerebral receptive disabilities), “apraxia” (cerebral 

motor disabilities), aphasia, and so on (further discussed in the following paragraphs). Another 

pathological condition involving the cortex is epilepsy, defined as a pathological discharge of neurons 

resulting in alteration of sensation, motor function, behavior and/or consciousness. 
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Surfaces	of	the	hemispheres	

The surface of the brain exhibits a high variability, as several distinct patterns of the sulci have been 

described. However, some general rules can be traced for the detection of the most important and 

constant characteristics. The variability of the sulci and gyri can be found not only in different 

individuals, but also in the same brain, between the two hemispheres, which show some anatomical 

and physiological peculiarities (e.g., the volumetric asymmetry of the speech-related areas, which are 

bigger in the dominant hemisphere). The classic anatomic terminology of the four cerebral lobes of 

the convexity is related to the name of the overlying cranial bone (the “fifth” lobe, the insula, is instead 

“buried” in the depth of the lateral fissure, making it necessary to split the frontal from the temporal 

lobe to reach it).  

LATERAL	SURFACE	

The lateral surface of the brain is formed by the brain convexity, underlying the cranial cap. After the 

careful removal of the meninges (dura mater and arachnoid, while the pia mater is much too thin and 

adherent to the glial membrane to be removed from the cortex), it is possible to visualize the gyri and 

sulci and their patterns. The identification of the most important sulci is essential to delineate the 

borders of the cerebral lobes, as well important anatomical landmarks and functional regions. The first 

important sulci to be identified are the lateral sulcus and the central sulcus. 

The lateral sulcus runs in oblique direction, separating the temporal lobe, below, from the frontal lobe 

and parietal lobe, above. It overlies the sylvian fissure, a deep cleft by means of which it is possible to 

reach the most deep and hidden parts of the brain. The lateral sulcus is formed, on the convexity, by 

three rami, and by a basal stem, concurring to form the deep part of the sylvian fissure. The three rami 

are: the posterior ramus, which is the longest, forming the lateral sulcus in the strict sense of the word, 

ending at the level of the inferior parietal lobule (supramarginal gyrus); the anterior horizontal ramus 

anterior and the vertical ramus run in the frontal lobe, compartmentalizing three sub-regions, called 

pars orbitalis, pars triangularis, and pars opercularis. These three parts of the frontal lobe are the 

region where the motor-speech area is located (Broca’s area); moreover, the vertex between the pars 

triangularis and pars opercularis indicates the point of access generally used to split the lateral fissure 

and to reach the deeper structures of the brain (e.g., insula, middle cerebral artery, hippocampus. See 

chapter regarding the pterional approach). 

To recognize the central sulcus (sulcus of Rolando), it is necessary to identify the first vertical 

continuous sulcus on the convexity of the brain, which is the precentral sulcus. Posterior to the 

precentral sulcus it is possible to identify the central sulcus and, more posteriorly, the postcentral 

sulcus. It is quite simple to differentiate the precentral sulcus from the central and postcentral sulci, 
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because all these sulci begin at the superior border of the brain convexity, but only the central sulcus 

does not reach (in general!) the lateral sulcus, ending about 2 cm before it, and leaving a bridge of 

cortex called “plique de passage” (i.e., the cortical passage between the pre- and postcentral gyri). The 

central sulcus runs postero-anteriorly with an oblique direction of about 70° in regard to the lateral 

sulcus, having the shape of an inverted italic “S”. Moreover, the central sulcus is the only one crossing 

the superior border of the convexity, reaching the paracentral lobule. 

The correct identification of the two described sulci allows for the reliable identification of the frontal 

lobe, which lies anteriorly to the central sulcus and superiorly to the lateral sulcus. The temporal lobe 

lies inferiorly to the lateral sulcus; its posterior border is formed by an imaginary transversal line below 

the parieto-occipital sulcus. The parietal lobe lies posteriorly to the central sulcus.  

The parieto-occipital sulcus is the third important sulcus to be identified, in order to recognize the 

borders of the lobes. Its identification allows for the visualization of the borders of the parietal lobe, 

included between the central sulcus and the parieto-occipital sulcus, and the occipital lobe, which lies 

posteriorly to the parieto-occipital sulcus, ending in the occipital pole.    

To visualize the insula, it is necessary to apply a gentle supero-inferior splitting of the lateral sulcus, in 

order to separate the frontal lobe from the temporal lobe. The insula lies deeply to these structures, 

with its typical triangular shape converging in its apex, the limen insulae. 

In summary, the identification of three sulci, i.e. lateral, central and parieto-occipital sulci, allows for 

the identification of the cerebral lobes, of which a more detailed description of their anatomy and 

function is summarized in the following paragraphs. 

	

Frontal	lobe		

The frontal lobe is the biggest lobe of the human brain (about 1/3 of the hemispheres). The frontal 

pole lies over the pars orbitalis of the frontal bone and over the lamina cribrosa, behind the tabula 

interna of the frontal bone. Its posterior border is formed by the central sulcus, whilst its inferior 

border is the lateral sulcus. On the surface of the convexity of the frontal lobe, it is possible to recognize 

a vertical sulcus, the precentral sulcus; between the central sulcus and the precentral sulcus, lies the 

precentral gyrus. The two identifiable horizontal sulci (superior and inferior sulci), divide the frontal 

lobe into three further horizontally-displaced gyri: superior frontal gyrus (F1), middle frontal gyrus (F2) 

and inferior frontal gyrus (F3). On the surface of the inferior frontal gyrus two of the three rami of the 

lateral sulcus are visible, the anterior ramus and the vertical ramus, which compartmentalize three 

further parts: a part below the horizontal ramus, lying on the orbital roof (pars orbitalis), a part 
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between the two rami (pars triangularis), and a part posterior to the vertical ramus and anterior to the 

precentral sulcus (pars opercularis). The identification of the different parts has both an anatomical 

and clinical relevance. Anatomically, the apex of the three different parts indicates the access point to 

the sylvian fissure, the point where neurosurgeons split the arachnoid to separate the frontal lobe 

from the temporal lobe, in order to have access to the insula and lateral cistern. Opening of the fissure 

allows for surgical inspection (and operation) of the deeper locations of the brain. From a physiological 

point of view, the pars opercularis and pars triangularis concur to form the region generally referred 

to as Broca’s area (areas 44 and 45 of Broadmann), the motor-speech area (in the dominant 

hemisphere, in general, the left one). Lesions in this region (tumors or vascular diseases) may result in 

so-called “expressive Broca’s aphasia” (the patient is able to understand the meaning of the words but 

cannot articulate words à dysarthric speech).  

The precentral gyrus, the so-called “primary motor cortex”, is involved in the motor function of the 

contralateral side of the body. The motor cortex contains a defined map of the body (motor 

homunculus). The part of the convolution having a knob-like structure (shaped like an “omega” or 

“epsilon” in the axial plane and like a hook in the sagittal plane) is the area involved in the control of 

the motility of the contralateral hand. The median side of the motor strip is part of the paracentral 

lobule, which is the area involved in sphincter control (voluntary control of bladder function) and of 

the motility of the contralateral foot (in fact it has been reported that lesions of this region, such as a 

meningioma, may cause contralateral foot drop!). Other areas of the frontal lobe are: premotor cortex 

(involved in the planning of movement), supplementary motor areas (influence, generation and 

control of movement), eye-field cortex (areas involved in the control of the movements of the eyes). 

Moreover, the frontal lobe is involved in the higher cognitive functions (orientation, attention, 

planning, personality, emotionality, sexual behavior, mental processes, working memory). The 

bilateral lesion of the frontal lobes causes the so-called “frontal lobe syndrome”, which consists 

essentially of abulia (lack of motivation) and serious personality disturbances, as shown in patients 

undergoing surgical operations of frontal leucotomies. In these operations, popularized in the 40’s by 

the Nobel laureate Egas Moniz (1874-1955), white fibers of the frontal lobes were resected in order to 

disconnect it, presumably to treat some psychiatric disorders. The technique was later abolished due 

to the high incidence of side effects and the advent of psychopharmacs. 

Parietal	lobe		

It is located between the central sulcus, the parietooccipital line, and the posterior ramus of the lateral 

sulcus. The cortical strip located between the central sulcus and the postcentral sulcus is the 

postcentral gyrus, which is the somatosensory cortex. The somatosensory area of the cortex contains 

a defined map of the body (somatosensory homunculus). Lesions of primary somesthetic areas (areas 

1, 2, 3 of Broadmann) may give rise to contralateral impairment of touch, pressure, and/or 
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proprioception. The intraparietal sulcus divides the posterior part of the parietal lobe into a superior 

parietal lobule and an inferior parietal lobule. The inferior parietal lobule is formed by the 

supramarginal gyrus (upon the ending part of the ramus posterior of the lateral sulcus) and angular 

gyrus, upon the ending ramus of the superior temporal sulcus. This lobule is functionally important 

because it contains the so-called “Wernicke’s speech region”, approximately located in the 

supramarginal gyrus, whilst the angular gyrus is essentially connected with visual areas. Lesions 

involving the Wernicke’s region result in receptive (or fluent) aphasia, in which the patient fluently 

articulates meaningless words. The speech areas are linked by the arcuate fasciculus. The parietal lobe 

also has some vestibular areas, as well as many associative regions, such as those involved in the 

planning, execution and monitoring of movements. A specific syndrome related to the dysfunction of 

the parietal lobe (angular and supramargial gyri of the dominant hemisphere) is the Gerstmann 

syndrome, with anomia, alexia, acalculia, agraphia, finger agnosia, and inability to coordinate the left 

side with the right side. 

Temporal	lobe	

Beginning at the temporal pole, the temporal lobe reaches posteriorly the arbitrary parietotemporal 

line. On the lateral surface, two sulci run parallel to the lateral sulcus, i.e. superior temporal sulcus and 

inferior temporal sulcus, which divide the lobar surface into three gyri: superior (T1), middle (T2) and 

inferior (T3) temporal gyri. By opening the lateral portion of the sylvian fissure, it is possible to visualize 

on the surface of the posterior part of the superior temporal gyrus, two to three transverse temporal 

gyri, the temporal transverse gyri (of Heschl), the latter containing the terminal axons of the auditory 

cortex. The temporal lobe is mainly involved in auditory functions and in the integration of complex 

information. The temporopolar cortex of the temporal lobe is a paralimbic structure; it is described in 

that specific paragraph. Lesions of the auditory cortex (areas 41 and 42 of Broadmann) may affect 

hearing (even if unilateral lesions have little effect on it), or may cause auditory aphasia (the patient is 

able to hear but not to understand).  

Occipital	lobe	

From the parietotemporal line, the occipital lobe reaches the occipital pole, which lies below the 

occipital bone and over the tentorium. The most significant sulcus of the occipital lobe is visible on its 

medial surface, the calcarine sulcus, where the granular cortex of the visual areas is located. The 

functions of the occipital lobe are essentialy visual, with all the vision-related specific functions: color 

perception, shape processing, three-dimensional reconstructions of the objects, etc. Among other 

specific signs related to lesions of the occipital lobe, the author mentions: central blindness, central 

color blindness (achromatopsia), selective difficulty to identify faces (prosapognosia), and dysfunction 

in perceiving movements (cortical akinetopsia). 
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Insula	

Also called “Island of Reil”, as described by this author at the beginning of the 19th century. It is a 

paralimbic structure, formed by mesocortex, a transitional cortex between the neocortex and the 

archicortex of the limbic system. The insula is shaped like a triangle, with the apex directed 

anterobasally. The central sulcus of the insula is the ideal continuation of the central sulcus of the brain 

(of Rolando), dividing the insula into an anterior and posterior region. The central sulcus of the insula 

partially corresponds also to the division between the anterior agranular insular cortex and the 

posterior granular part, meaning that this sulcus divides the insula into two parts which are 

histologically, anatomically and functionally different. The anterior insula is composed of three short 

insular gyri. The most anteroinferior aspect of the insula is the insular pole, formed by the insular 

transverse gyrus and insular accessory gyrus, which converge to a common point called “insular apex”, 

the nearest point of the insula to the brain surface. The posterior insula is composed of two long insular 

gyri. The periinsular sulcus (circular sulcus of Reil) defines the marginal portions of the insula, reaching 

the limen insulae.  The limen insulae forms the lateral limit of the anterior perforated substance. The 

cortex of the anterior part of the insula is agranular, whilst the posterior part is granular. The insula is 

highly connected with all the regions of the brain and basal ganglia, and it is involved in many different 

functions: visceromotor control (e.g., gastrointestinal motility, respiration, heart control), 

viscerosensory functions (abdominal sensations, nausea), taste, olfaction, vestibular functions, 

somatosensory functions, and higher psychological functions. The anterior insula is connected with the 

orbito-frontal cortex, and involved in the control of food sensory and olfactory information, while the 

posterior part is involved in certain somatosensory functions.  
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MEDIAL	SURFACE	AND	LIMBIC	SYSTEM  

On the medial surface of the brain, one can discern the structures of the limbic lobe as well as the 

medial projections of the lobes, such as the paracentral lobule (part of the frontal lobe and parietal 

lobe), precuneus and cuneus (part of the occipital lobe).  

The limbic lobe with its surrounding paralimbic system is mainly situated on the medial surface of the 

brain. The original definition of limbic lobe (“le grand lobe limbique” by Broca) was anatomically, and 

not functionally, based: it was defined as the arciform convolution surrounding the interhemispheric 

commissures and the upper brain stem, formed by two convolutions, the cingulate gyrus and the 

parahippocampal gyrus. It was named the rhinencephalon, because it was thought to be involved in 

the mechanisms of olfaction, even if today it is known that it is more involved in psychic and memory 

functions (Papez’s circuit). The limbic lobe (better defined as “limbic system”, as it is highly and 

reciprocally interconnected with all the structures of the limbic and paralimbic belts) is a kind of 

transitional zone between the most phylogenetically recent brain (neocortex) and the oldest brain 

(archicortex), and is, in fact, essentially formed by a cortical structure defined as the mesocortex.  

The belt of the limbic lobe is situated beneath the corpus callosum. The limbic system is formed by the 

hippocampal formation and amygdala, septum pellucidum, hypothalamus, as well as the central 

olfactory system which, although not a component of the greater limbic system, has diffuse connection 

with the limbic and paralimbic structures. The paralimbic belt is formed by the insula, cingulate gyrus 

and part of the orbitofrontal cortex.  

Hippocampus	

In the course of centuries several distinct names have been used to describe the hippocampus, the 

latter name introduced in 1587 by Arantius, who noted the similarity of this structure to the sea horse. 

Other terms which were introduced (between the 17th and 18th centuries) to describe the hippocampus 

are cornu Ammonis (from the Egyptian god Ammon) and pes hippocampi. 

The hippocampus is a large C-shaped structure forming the medial wall of the temporal lobe. Even if 

from an embriological point of view the hippocampus develops around the corpus callosum in three 

parts, the “true hippocampus” is the retrocommissural (i.e., below the corpus callosum) portion. The 

rostral expansion of the hippocampus emerges medially into the uncus, while the hippocampal 

digitation protrudes on its medial intraventricular side. The hippocampus is formed by three 

components: cornu Ammonis, dentate gyrus and subiculum. The hippocampal gray matter has a 

laminar differentiation (hippocampal cortex or archicortex), and the cornu Ammonis and the dentate 

gyrus roll up one inside the other (two U-shaped laminae interlocking themselves, one fitting in the 

other, separated by the hippocampal sulcus). Histologically, the three-layer hippocampal cortex is 

separated from the six-layer neocortex by a transitional mesocortex. The hippocampus is part of the 

so-called “medial temporal lobe memory system”, functionally related to the mechanisms of memory. 
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According to the cytoarchitectonic fields, the cornu Ammonis is divided into three fields (considering 

the different sensitivity to hypoxia, CA1 was called “the vulnerable sector”, while CA3 was considered 

the “resistant sector”). The margo denticulatus is a narrow segment of the dentate gyrus, visible on 

the temporal surface, with a characteristic toothed appearance (border of primitive cortex), 

overlapping the subiculum, separated by the superficial hippocampal sulcus and from the fimbria by 

the sulcus fimbriodentatus. Anatomically, the hippocampus has three segments, the anterior one, the 

head, with its typical elevations (digitationes hippocampi) on the intraventricular surface, the middle 

part (the body) and the posterior part, the tail, which disappears beneath the splenium, arched around 

the mesencephalon. The total length of the hippocampus is about 4 cm. The intraventricular 

component of the hippocampal body is part of the floor of the temporal horn of the lateral ventricle. 

It is strongly convex, smooth and padded with ependyma covering the alveus (which is formed by white 

matter). The body is bordered medially by the fimbria and laterally by the collateral eminence (which 

is the intraventricular cortical protrusion of the collateral sulcus). The choroid plexus, attached to the 

taenia choroidea and taenia fornicis, covers the whole intraventricular side of the hippocampus except 

the head. The tela choroidea, formed by ependyma and pia mater, is stretched between the taeniae 

of the stria terminalis and the taenia of the fimbria. The amygdala (basal and lateral nuclei) overhangs 

the hippocampus and joins it with the intraventricular surface. From the extraventricular side, the 

dentate gyrus is visible as the margo denticulatus, composed of rounded protrusions called dentes 

(“teeth”) of the dentate gyrus.   

The uncus is the most medial part of the temporal lobe. Its extraventricular side is formed by the 

anterior segment of the parahippocampal gyrus, separated from the latter by the uncal sulcus. The 

rhinal sulcus separates it from the anterior perforated substance. On the gyrus ambient there is a 

marked uncal notch, caused by the free edge of the tentorium (an anatomical relationship which is 

very important for understanding intracranial hypertension syndromes with herniation of the uncus in 

the tentorial incisura. See paragraph above, the meninges).  

 

The hippocampus, together with certain nuclei of the amygdaloid complex, is involved in the 

ethiopathology of “mesial temporal lobe epilepsy”, a kind of epilepsy which is refractory to 

antiepileptic drugs in 10% of cases. In these cases, the neurosurgical operation, selective 

amygdalohippocampectomy, can be performed. This operation involves the resection of the anterior 

part of the hippocampus, the lateral part of the amygdala and of the entire entorhinal cortex, with a 

disconnection of the medial temporal structures from the orbito-frontal cortex. The operation can be 

performed by means of the supraorbital or the transsylvian approach (splitting the sylvian cistern, as 

shown in the chapter above, the pterional approach), or also via a transtemporal approach (reaching 
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the surgical target via a temporal corticectomy). The understanding of the anatomy of the 

hippocampus as well of its vascularization is essential for the operative approach of 

amygdalohippocampectomy. In general, the hippocampus is supplied by vessels deriving equally from 

the anterior choroidal artery and posterior cerebral artery, with its branches (fig. on pg. 97). These 

data are reported here only to emphasize the importance of a deep knowledge of the syntopy of the 

anatomical structures in order to perform operations in each kind of surgery, especially in 

neurosurgery. The operation, amygdalohippocampectomy, is exemplary for comprehending the 

importance of a deep understanding of the anatomical relationship between structures. 

Parahippocampal	gyrus	

It is a C-shaped gyrus between the uncus, medially, the isthmus of the cingulate gyrus, posteriorly, the 

collateral sulcus, laterally, and the rhinal sulcus, anteriorly. The fusiform gyrus and the lateral 

occipitotemporal gyrus lie more laterally to the parahippocampal gyrus. The parahippocampal gyrus 

envelope the hippocampus, the dentate gyrus and the cornus ammonis (separeted from them by the 

hippocampal sulcus). Some arms connect the parahippocampal gyrus to the inferior temporal gyrus. 

The parahippocampal gyrus is basically formed by the subiculum, which is the bed of the hippocampus. 

Amygdala	

The amygdala is an almond-shaped structure formed by a group of different nuclei. The amygdala is 

located in the dorsomedial portion of the temporal lobe, forming part of the medial and dorsal walls 

of the inferior horn (temporal horn) of the lateral ventricle. Among the groups of nuclei, the lateral 

one has the largest cell mass (principal recipient of sensory information from the neocortex). The 

cortical and medial nuclei are olfactory centers, whereas the basal, lateral and central nuclei have 

limbic functions.  

Fornix	

The fornix is an arciform bundle of fibers which begins in the hippocampus, on each side of the brain, 

as fimbria, forming two columns (crura fornicis), joined together through a commissura, called the 

psalterium (or Lyra Davidis, because it resembles the triangular harp). Anteriorly to the psalterium, the 

two columns converge together into the midline (body of the fornix) and divide again, in the proximity 

of the anterior commissure, into the two columns of the fornix, which reach the mammillary bodies. 

The membrane of the septum pellucidum is attached to the upper surface of the body of the fornix, 

and separates the two lateral ventricles. The fornix connects mainly the hippocampus with the 

hypothalamus. 

Mammillary	bodies	

The fornix ends in the mammillary bodies. The efferent form the mammillary tracts, which passes 

dorsally and splits into the largest mammillothalamic tract (to the anterior thalamic nucleus, part of 
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the Papez’s circuit) and the smaller mammillotegmental tract, reaching some nuclei of the brain stem 

in the tegmentum.  

Septum	

The septum forms the medial wall of the cerebral hemispheres. The dorsal part is the septum 

pellucidum, a membrane bounded by the basal surface of the corpus callosum and by the rostral 

convexity of the fornix. The cavity between the two laminae is defined as the cavum of the septum 

pellucidum. The ventral component (the so-called septum verum) is rostral to the lamina terminalis 

(i.e., anterior wall of the third ventricle), within the parateraminal gyrus. The septum verum contains 

some nuclei interconnected with the frontal lobe and the limbic system.  

Cingulum	

The cingulum is a C-shaped convolution around the corpus callosum, connected by several arms to the 

medial frontal, paracentral, precuneal and parahyppocampal gyri. It begins beneath the genu of the 

corpus callosum and continues above it, separated by the sulcus of the corpus callosum. The cingulate 

sulcus intervenes between the cingulate gyrus and the extension of the superior frontal gyrus on the 

medial surface of the hemisphere. The cingulate sulcus gives off a paracentral sulcus, then it divides 

into marginal and subparietal sulci in the parietal lobe.  

The indusium griseum is a thin neuronal lamina above the corpus callosum, covered on each side of 

the midline by the medial and lateral longitudinal striae. It reaches the inferior segment of the 

intralimbic gyrus, up to the hippocampus. The medial longitudinal striae (the so-called “Nerves of 

Lancisi”) are myelinated fiber bands found in the gray matter of the indusium griseum on the dorsal 

aspect of the corpus callosum. 

 

The anatomy and physiology of the limbic system is an endless field of research: for whom it may 

interest to go further in depth on the topic, it is suggested to read the specific chapters in Niewenhuys’ 

textbook (see references).  
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BASAL	SURFACE	

Some gyri and sulci of the basal surface of the brain have already been discussed in the previous 

paragraphs (description of the parahippocampal gyrus, for example, with the identification of the 

occipitotemporal sulcus, collateral sulcus and inferior temporal sulcus).  

Anteriorly, the basal surface of the frontal lobes lies on the cribriform plate and roofs of the orbits, so 

that it is defined as the “orbital cortex”. The sulci which should be identified are the olfactory sulcus, 

where the olfactory tract runs. Medially to it, the gyrus rectus can be found. Laterally to it, a typical 

pattern of sulci with the shape of an “H” divides the orbital cortex in an anterior, medial, posterior and 

lateral orbital gyri (according to the original description by Meynert).  

In the center of the basal surface, one can visualize the optic system (optic nerves, optic chiasm and 

optic tracts), mammillary bodies, tuber cinereum, uncus, and ventral surface of the brain stem. 
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BASAL	GANGLIA	AND	DIENCEPHALON	

The basal ganglia are a group of cell masses between the base of the telencephalon and the 

tegmentum of the mesencephalon, generically defined as “gray matter in the central core of the 

hemispheres” (the “central core” definition includes all the structures, also white matter, between 

insula and the midline of the brain). The telencephalic subcortical gray matter is organized in distinct 

anatomical structures, which are mainly the caudate nucleus, putamen, globus pallidus, claustrum and 

some small nuclei. The putamen and globus pallidus together are lens-shaped (on the coronal plane), 

which is the reason why they were called lentiform nucleus, even if they are different structures. In 

axial sections of the brain, it is possible to visualize the different colors and structures of the putamen 

and caudate nucleus, as well as of the capsules, internal and external parts of the globus pallidus, and 

thalamus.  

The diencephalon is formed by four distinct longitudinal zones (to aid in remembering, all the 

structures with the name “thalamus”), which are the epithalamus, dorsal thalamus, ventral thalamus 

and hypothalamus.  

Putamen,	Caudate	nucleus,	Nucleus	accumbens	
The putamen and caudate nucleus form the dorsal striatum, sharing the same anatomical and 

functional structure. The putamen and the caudate nucleus are mainly involved in motor control, as 

well as in the mechanism of learning, cognition, and memory. The caudate nucleus is a C-shaped 

structure, wrapping around the thalamus, with a frontal caput (head), a corpus (body) and a cauda 

(tail) extending backward to reach the amygdala. A medial expansion of the head of the caudate 

nucleus is the nucleus accumbens, involved in the mechanisms of reward, pleasure, addiction, fear and 

placebo effect as well.  

Globus	pallidus	
This lies medial to the putamen and is divided by the internal medullary lamina into two parts, an 

internal and an external part. It is highly interconnected with the neostriatum (putamen and caudate 

nucleus) and with the substantia nigra, mainly involved in the so-called “extrapyramidal system” for 

motor control. 

Claustrum	

The claustrum is a thin sheet of grey matter, hidden under the neocortex (“claustrum” means in latin 

“hidden away”), between the insula and putamen. The claustrum is interconnected with all the brain, 

except with the auditory areas. The exact function of the claustrum is unknown, although there were 

some famous speculations (by Francis Crick, winner of the Noble Prize for the discovery of DNA 

structure!) about the possible relationship of this structure with the processes that give rise to 

integrated conscious percepts. 
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Basal	nucleus		
The basal nucleus (of Meynert) is located in the frontal lobe, at its base, just lateral to the optic chiasm. 

It is also mainly involved in extrapyramidal and cognitive functions. Its degeneration is linked to the 

dementia of Alzheimer’s disease. 

Epiphysis	

The epiphysis (pineal gland) is part of the epithalamus. Further structures owing to the epithalamus 

are the habenular complex and the taenia thalami (nervous strip over the thalamus). The habenular 

complex is formed of certain gray matter nuclei interconnected with the rhombencephalon (fasciculus 

retroflexus, reaching the interpeduncular nucleus) and other structures, which are a pathway of 

connection between the telencephalon and brain stem. The pineal gland is located between the 

suprapineal recess (an extension of the third ventricle) and the superior colliculus.  The pineal gland is 

essentially made my pinealocytes, but the presence of other cells (neurons, glial cells, phagocytes) 

justifies the occurrence of each kind of tumor in this location. The epiphysis is mainly involved in the 

production of melatonin, which occurs during the night, thanks to a mechanism of regulation 

anatomically based in a network between the optic nerves, hypothalamus (suprachiasmatic nucleus), 

the intermediolateral column of the thoracic spinal cord, and the superior cervical ganglion.  

Thalamus	

The thalamus is a large, ovoid nuclear complex in the diencephalon. The main mass is the dorsal 

thalamus, while the reticular thalami belong to its ventral part. The thalamus is connected by means 

of corticothalamic and thalamocortical fibers (thalamic peduncles). The superior and posterior 

thalamic peduncle diverge from the posterior limb of the internal capsule and interconnect the parietal 

lobe and occipital lobe; the inferior thalamic peduncle connects the temporal, orbito-frontal, insular 

and amygdaloid structures (part of the ventral amygdalofugal pathway via the ansa peduncularis). The 

anterior thalamic peduncle puts the thalamus in connection with the frontal lobe.  

The different myelo-cytoarchitectonics of the thalamus has led to the description of many nuclei, 

nuclear complexes and smaller units.  From a functional point of view, the thalamus functions as a kind 

of relay station; the sensory relay nuclei are the target of sensory projections ascending from the 

sensory neurons to the neocortex; the motor relay nuclei interconnect the cerebellar nuclei, the 

extrapyramidal system, to the motor and pre-motor cortical brain. Many interconnecting association 

nuclei are also present. The internal parcellation of nuclear complexes within the thalamus is due to a 

thin sheet of white matter, the internal medullary lamina, dividing the mediodorsal thalamic nucleus 

from the ventral and lateral groups. The posterior part of the thalamus is named pulvinar. The 

geniculate bodies (medial and lateral) form the metathalamus, also owning to the dorsal thalamus.  
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The ventral thalamus is a thin sheet below the dorsal thalamus, above the hypothalamus, formed by 

a dense network of fibers (zona incerta and tegmental fields, which are the so-called fields H1 and H2 

of Forel, “H” for “Haubenfeld”) and by the thalamic reticular nuclei, all interconnected with the basal 

ganglia.  

The subthalamic nucleus (of Luys) is located below the thalamus, extending into the mesencephalon, 

close to the substantia nigra and red nucleus. It is involved in the so-called extrapyramidal system, 

involved in motor control. 

A specific condition involving the thalamus is thalamic pain syndrome, a lesion resulting in pain which 

cannot be accurately localized by the patient on his body.  

Hypothalamus	

Notwithstanding the small volume of the hypothalamus (4 cm3 of neural tissue, comprising about 0.3% 

of the normal adult brain volume), it is an essential organ for life, involved in a series of autonomic, 

endocrine and behavioral functions (maintaining of circadian and circa-annual rhythms, wake/sleep 

cycles, thermoregulation, hydroeletrolytic balance, reproduction, food ingestion, agonistic and sexual 

behavior). It is the ventral part of the diencephalon, in the lateral walls of the third ventricle (where 

the hypothalamic sulcus). 

Red	nucleus	
The red nucleus is a quasi-cylindrical structure in the mesencephalon, close to the substantia nigra. It 

is defined “red” because of its color due to the high concentration of iron deposits; moreover, it is 

highly vascularized. It receives inputs from the contralateral cerebellum (mainly by means of the 

dentatorubro tract in the superior cerebellar peduncle) and from the ipsilateral motor cortex, sending 

outputs mainly to the spine (rubrospinal tract) and cerebellum. The nucleus is mainly involved in motor 

control of the arms. 

Substantia	nigra	
The substantia nigra is a mesencephalic structure which is nigra (black) due to high concentration of 

melanin in its dopaminergic neurons. It is involved in the extrapyramidal system for motor control. 

Lesions of its pars compacta (loss of dopaminergic neurons) are mainly involved in Parkinson’s disease, 

resulting in resting tremor, rigidity, slowness, mask-like faces, and shuffling gait. 

The basal ganglia are highly interconnected, involved especially in motor control. For a synopsis of the 

circuit connections, the author suggests reading the recommended references.  

Lesions of the basal ganglia result in different forms of dyskinesias, like hemiballismus (sudden wild 

movement of one arm), athetosis (snake-like movements, especially of the distal parts: fingers and 
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wrists), different types of chorea, like Huntington’s chorea (genetic disease) or Sydenham’s chorea 

(infective disease), resulting in sudden jerky and purposeless movements.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Note on Deep Brain Stimulation (DBS). Functional neurosurgery is a field of neurosurgery involved in the 

treatment of the “function” and not of the “causes” of diseases, such as the treatment of drug-refractory pain 

syndromes or several extrapyramidal diseases. DBS is a technique used, for example, to alleviate tremor of various 

origins. It consists of the introduction of microelectrodes into certain specific targets of the brain in order to 

neuromodulate their electric function. A number of surgical targets have been described, like some nuclei of the 

thalamus and hypothalamus, the nucleus subthalamicus, the pedunculopontine nucleus. More recently the 

stimulation of the white fiber system has been introduced in functional neurosurgery, such as the introduction of 

microelectrodes into the dentatorubrothalamic tract for the treatment of some kinds of parkinsonism.   
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WHITE FIBER SYSTEM 

The white fibers of the brain can be studied in vitro by means of certain special anatomical techniques 

of dissection or in vivo by specific sequences used in magnetic resonance, such as Diffusion Tensor 

Imaging (DTI) tractography, which allows the performance of virtual dissections of white matter 

pathways (fig. on pg. 83). 

White matter is formed by the fibers connecting the cortex with sub-cortical structures and the spine.  

The axial section of the hemispheres, above the corpus callosum, allows for recognition of the centrum 

semiovale, which is, in fact, white matter with the shape of a semi-ovoid structure. In fig. on pg. 77 it 

is possible to recognize the different tracts of white matter between the distinct gray matter 

structures. White matter is formed by three different kinds of fibers:  

- Association fibers: they interconnect different regions of cortex within the same hemisphere. 

Examples of association fibers are the U-fibers, interconnecting the cortex around a sulcus 

(figure on pg.  81). 

- Commissural fibers: they interconnect corresponding areas of the two hemispheres across the 

midline. The main white fiber “motorway” interconnecting the hemispheres is the corpus 

callosum, formed by more than 200 million fibers. It is formed, antero-posteriorly, by the 

rostrum, genu, corpus, and splenium.  

- Projection fibers: they are supero-inferiorly orientated, connecting the cortex with the sub-

cortical structures and spinal cord. An exemplary projection system is the corticospinal tract, 

formed by the axons of the Betz’s cells (fifth cortical layer of the motor strip), constituting the 

so-called pyramidal system.  The corticospinal tract contributes to the formation of the internal 

capsule, formed by fibers of the corona radiata projecting downward, with its anterior and 

posterior limbs, genu (facing the lateral ventricle), and some retro- and sub-lenticular 

components.  

The white fibers essential for identification in anatomical dissections of the brain are, in conclusion, 

the corpus callosum, internal capsule, corona radiata, anterior commissure, superior longitudinal 

fascicle, fornix, uncinate fascicle. The latter is the main interconnection between the limbic and 

paralimbic structures. The uncinate fascicle is formed by several leaves, separated by the gray matter 

of the claustrum, as visible in the figure on pg. 82. The arcuate fasciculus connects the two main 

speech-areas (Broca’s and Wernicke’s areas). 

The anterior commissure interconnects the olfactory and temporal cortex on both sides, crossing the 

midline below the fornix. As already described, the fornix is a C-shaped structure, which is the main 

efferent system of the hippocampus.  
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The anatomo-physiological knowledge of the white fiber system of the brain allows for performance 

of the so-called neurosurgical operations of “disconnections”. Even if the most “popular” techniques 

were the frontal lobotomy and frontal leucotomy, used in psychoneurosurgery in the first half of the 

XX Century, now these techniques have indications in some specific cases of drug-resistent epilepsy, 

in order to disconnect and functionally isolate some epileptogenic areas of the brain, as in the 

operation of functional amygdalohippocampectomy or functional hemispherectomy (the figure on pg. 

85 shows in a specimen the white fiber disconnection of the right hemisphere).  
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BRAIN STEM 

The brain stem is the intermediate structure between the spinal cord and the cerebellum and brain. It 

contains the main motor and sensory pathways of the nervous system, all the nuclei of ten cranial 

nerves (III-XII), the main centers which are essential for life (such as the cardiorespiratory regulatory 

centers). Its internal structure is highly complex. For the purposes of this anatomical course, we 

describe only its external macroscopic structure here.  

The brain stem is formed by three parts: 

- Medulla oblongata (myelencephalon): it is the direct continuation of the spinal cord, beginning 

at the foramen magnum, reaching the pons at the pontomedullary sulcus. In the medulla 

oblongata the pyramidal tracts decussate in the structure called the “pyramid”. 

- Pons (metencephalon): it is located between the pontomedullary sulcus and the 

pontomesencephalic sulcus. 

- Mesencephalon (Midbrain): it is located in the tentorial incisura, owing both to the supra- and 

infratentorial compartments. 

 

The mesencephalon contains the aqueduct and it is formed by three parts, a dorsal part called the 

tectum (roof), where the four colliculi (quadrigeminal plate) are visible, as well as by the tegmentum, 

and the most ventral part, formed by the cerebral peduncles (cerebral crus), containing the main 

descending tracts of the brain, and by the substantia nigra. The mesencephalon contains also the 

periaqueductal gray. The superior colliculus receives information from the visual pathway, whilst the 

colliculus inferior receives auditory information.  

Figures on pgs. 88-90 show the main structures of the dorsal and ventral aspect of the brain stem. 

From a clinical point of view, the detailed knowledge of the anatomy of the brain stem allows for 

comprehension of the complex neurologic conditions affecting this essential structure. 

Among many diseases affecting the brain stem, we summarize only Wallenberg’s syndrome here, for 

the strict link between anatomical data and neurological signs and symptoms of such disease. 

The lateral medullary syndrome (Wallenberg’ s syndrome) is due to the injury of the lateral part of the 

medulla, generally due to ischemic occlusion of the vertebral artery or one of the cerebellar arteries. 

This syndrome results in a complex series of signs and symptoms, which can be summarized as follows: 

- Lesion of the vestibular nuclei à dysfunction of the vestibular system, with vertigo, vomiting, 

nystagmus 

- Lesion of the lateral spinothalamic tract à pain and temperature sensation deficits in the 

contralateral side of the body 

- Lesion of the structures of the trigeminal system à pain and temperature sensation deficits 

in the ipsilateral side of the face 
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- Lesion of the inferior cerebellar peduncleà cerebellar dysfunction on the ipsilateral side of 

the body (dysdiadokokinesia, ataxia, dysmetria) 

- Lesion of the connections between the nuclei of the IX and X nerves  à dysphagia and 

hoarseness with deficits in the ipsilateral laryngeal, pharyngeal and palatal territories of 

innervation 

- Lesion of the sympathetic fibers à ptosis, myosis and anhidrosis (Horner’s syndrome) on the 

ipsilateral side of the body. 

Aside from ischemic lesions, the brain stem can be affected by several other diseases, such as tumors 

and vascular malformations (e.g., cavernomas), which are very challenging to treat with neurosurgical 

operations.  
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CEREBELLUM 

The “small brain” is located in the infratentorial space (below the tentorium cerebelli) in the posterior 

cranial fossa. It is formed by two hemispheres and a midline structure called the cerebellar vermis. The 

cerebellar cortex is very convoluted, allowing a very large amount of neural tissue to be “packed” in a 

very limited space. The sulci of the cerebellum, contrarily as it happens in the brain, cross the midline, 

over the vermis. Following the complex structure of the cerebellar folding, the geometrical complexity 

of the white matter of the cerebellum is also very high, resembling the trees arborizations (which is 

why it was defined as arbor vitae). In the depth of the white matter, four nuclear complexes of gray 

matter lie, of which the biggest is the dentate nucleus, projecting its fibers mainly to the contralateral 

red nucleus via the superior cerebellar peduncle. The vermis is formed by ten anatomical lobules, even 

if this anatomical classification is not important from a functional point of view. The surface of the 

cerebellum presents many sulci and fissurae, of which the most important are the primary cerebellar 

fissure, the horizontal fissure and the posterior fissure. The connections of the cerebellum are provided 

by three pairs of peduncles: inferior cereberral peduncle, connecting mainly the cerebellum to the 

spinal cord; middle cereberral peduncle, for connection to the pons; superior cerebellar peduncle, for 

connection to the red nucleus and thalamus.  

From an anatomical and functional point of view, the cerebellum can be divided into three parts: 

-  Vestibulocerebellum, which anatomically is the flocculonodular lobe. It is the 

phylogenetically oldest part of the cerebellum (archicerebellum). As the name suggests, it is 

mainly involved in the vestibular system. 

-  Spinocerebellum, which corresponds anatomically to the anterior and posterior lobes. 

It is phylogenetically an intermediate structure (paleocerebellum). It is mainly connected with 

the spinal cord, and it is involved in the proprioception of the whole body, including the 

trigeminal system, as well as with the visual and auditory systems 

-  The cerebrocerebellum is formed by the cerebellar hemispheres. It is phylogenetically 

the most recent structure (neocerebellum). It is mainly connected with the thalamus, cerebral 

cortex and brain stem, and it is involved in the control of sensory and motor functions, as well 

as cognitive functions, as recently discovered.  

The knowledge of the three anatomic and physiologic parts of the cerebellum allows for 

comprehension of the different clinical states related to lesions of specific zones. Lesions of the 

vestibulocerebellum result in postural and gait dysfunctions. Lesions of the spinocerebellum cause 

ataxia, nystagmus and/or visual and auditory dysfunctions. Lesions of the cerebellar cortex can result 

in a very wide spectrum of signs and symptoms, from motor-sensory to cognitive dysfunctions. 
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CIRCULATION	

Arteries	

Brain arterial circulation is supported by the famous “circle of Willis”, an anastomotic arterial system 

lying at the skull base, around the sellar region. It is a network between the anterior circulation system, 

supported by the internal carotid arteries, and the posterior circulation system, supported by the 

vertebral arteries.  

Both the vertebral arteries originate from the subclavian artery; the common carotid artery originates 

from the brachiocephalic trunk, on the right side, while on the left side it originates directly from the 

aortic arch.  

The internal carotid artery, which originates from the common carotid artery, passes through the pars 

petrosa of the temporal bone, reaches the cavernous sinus in the parasellar compartment and, after a 

C-shaped torsion in the so-called “siphon”, finally enters the subarachnoid space, terminating in the 

middle cerebral artery and in the anterior cerebral artery. The two anterior cerebral arteries of the two 

sides interconnect with each other through a small anastomotic artery, the anterior communicating 

artery, which so divides the anterior cerebral artery in a precommunicant segment (A1) and a 

postcommunicant segment (A2). The latter ascends between the interhemispheric fissure, along the 

corpus callosum, supplying it and the medial surface of the brain. The middle cerebral artery enters 

the sylvian cistern, reaching the insula at the limen insulae, where it bifurcates and produces several 

branches for the supply of blood to a great part of the cortex of the frontal, temporal and parietal 

lobes.  

From the arteries mentioned, especially from the arteria cerebri media, several small terminal 

“perforating” arteries perforate the anterior perforated substance, to supply the basal ganglia and the 

internal capsule. The anterior choroidal artery, originating from the internal carotid artery, also 

supplies the internal capsule and some parts of the basal ganglia. This means that even small ischemic 

or hemorrhagic lesions of these small arteries may result in great neurologic deficits, such as 

hemiplegia. 

There is an interesting anatomo-clinical anecdote pertaining to the anterior choroidal artery. In the 50s, a neurosurgeon 

(Cooper) was treating a patient affected by Parkinson’s disease, performing an operation which was in vogue at that time, 

the resection of the cerebral peduncle. Due to certain surgical difficulties, the surgeon did not perform the peduncolotomy 

and clipped this artery, causing ischemia of a part of the globus pallidus (meaning that the definition “choroidal” refers to the 

final target of the artery, the choroid plexus, but parts of the basal ganglia and internal capsule are supplied, too!). After the 

operation, the patient’s tremor and rigidity improved, without any neurological deficits (thanks to the possible anastomotic 

circulation of other arteries supplying the internal capsule). These results obtained on account of “serendipity” suggested the 

performance of this kind of operation (closure of the artery) for the treatment of parkinsonism (therapy actually not used 

anymore), and, especially, called for investigation into the role of the globus pallidus in extrapiramydal dysfunctions, which 

later became the surgical target of some functional neurosurgical operations (i.e., deep brain stimulation). 
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The internal carotid artery also gives rise to the ophthalmic artery, running with the optic nerve in the 

optic canal. The posterior also comes from the internal carotid artery, connecting the anterior system 

with the posterior. The posterior part of the circle of Willis is formed by the two vertebral arteries 

joining together to form the basilar artery, which runs between the clivus and the pons. From the 

basilar artery, the cerebellar arteries and many terminal arteries supplying the brain stem (medial and 

lateral pontine arteries, or short and long circumferential arteries) originate. At the top of the basilar 

artery, the two posterior cerebral arteries originate, joined by the posterior (like in the anterior system, 

the communicating artery divides the posterior cerebral artery into a pre-communicating segment, P1, 

and a post-communicating segment, P2). 

Below the bifurcation of the two posterior cerebral arteries, the two superior cerebellar arteries (SCA) 

originate. Fig. on pg. 114 shows the typical syntopy of this region: the basilar artery with the four 

arteries (sometimes five, considering that often the superior cerebellar artery is duplicated, like in the 

picture) and the third nerve running in a postero-anterior direction between the arteries.  

The other cerebellar arteries are: the posterior inferior cerebellar artery (PICA), originating from the 

vertebral artery, and the anterior inferior cerebellar artery (AICA), originating directly from the basilar 

artery. The labyrinthine artery originates directly from the basilar artery only in 5% of cases; in general, 

it arises from the anterior inferior cerebellar artery. 

The spinal arteries also originate from the vertebral arteries. The anterior spinal artery is formed by 

the union of two small branches from the vertebral arteries. The two rami descend in front of the 

medulla oblongata, joining each other at the level of the foramen magnum and running caudally in the 

anterior median fissure of the spinal cord. The two posterior spinal arteries descend in the spinal canal 

as separated vessels.  

 

In neurology it is very important to remember the territories of blood supply of the brain for each 

artery, in order to evaluate the anatomo-clinical correlations of ischemic syndromes. The other main 

pathological condition of the arteries is their rupture (hemorrhagic stroke), as in subarachnoid bleeding 

caused by the rupture of aneurysms. Aneurysms (a word which means “dilatation”) are congenital 

lesion of the walls of the artery which, if ruptured, cause bleeding in the subarachnoid cisterns. 

Aneurysms in general occur where hemodynamic turbulences of the blood are present, such as at the 

site of bifurcation of the arteries, e.g., bifurcation of the middle cerebral artery at the limen insulae or 

at the level of the anterior communicating artery. The therapeutic occlusion of aneurysms can be 

performed by means of endovascular or neurosurgical techniques. The endovascular techniques 

consist of the introduction of microcatheters into peripheral arteries (e.g., femoral artery or radial 

artery) to reach the brain aneurysm and inserting coils in it, in order to allow its occlusion. The surgical 
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methods involve the use of microneurosurgical intracisternal techniques, aimed at occluding the 

aneurysm by means of a clip on its neck. 

Veins	

The veins show a high variability. On the one hand, they have many anastomoses, so that very often 

certain closed veins (thrombotic occlusion or surgical sacrifice) do not cause any neurological 

problems, and on the other, injuries may cause severe neurological deficits, sometimes including coma 

and death. Veins are adherent to the brain (while the arteries pass through the cisterns), for this reason 

they are more reliable anatomical markers of brain structures, offering useful information in 

neuroradiological imaging. 

The veins of the brain can be divided into two groups: superficial veins, draining mainly the cortex, and 

deep veins, draining the deep parts of the brain. 

Veins draining the cortical surface bring blood to the superior and inferior sagittal sinuses, 

sphenoparietal sinus and cavernous sinus, as well as to the sinuses around the tentorium. 

The superior sagittal sinus (SSS) is a triangular-shaped channel running medially in the groove of the 

lamina interna of the calvaria (into the groove of the superior sagittal sinus), from anteriorly (behind 

the frontal sinus, at the level of the foramen caecum) to the confluence of the sinuses (the confluens 

sinuum, or torcular herophili), usually draining more blood to the transverse sinus of the right side. 

The dura mater adjacent to the SSS contains some venous spaces, the lacunae, collecting blood 

predominantly from the meningeal veins. The arachnoid granulations (of Pacchioni) project into the 

lacunae. The lacunae and the granulationes increase in size with age. The SSS drains venous blood from 

the convexity of the hemispheres. The SSS and the lacunae can be involved in fractures of the frontal, 

parietal and occipital bones. The SSS is divided into an anterior third portion (from the foramen caecum 

to the coronal suture), a middle third portion (from the coronal suture to the lambdoid suture) and a 

posterior third portion (from the lambdoid suture to the confluens sinuum). The latter is located 

beneath the internal occipital protuberance and it is the connecting point of the SSS, the straight sinus, 

and the occipital sinus (which is inconstant), draining into the transverse sinus of the left and right side. 

The confluens sinuum, as well as all the venous structures of the posterior cranial fossa, can be involved 

in fractures of the occipital and parietal bones, and it is the most challenging venous structure to treat 

in neurotraumatology. The occlusion of the posterior third portion of the SSS in general results in the 

death of the patient, due to venous infarction of the brain, while the closure of the anterior third of 

the SSS is often compensated by several anastomotic pathways. As regard blood flow, it should be 

emphasized that cerebral veins and sinuses lack valves, and so the direction of the flow is also 

dependent upon the position of the head. 
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The inferior sagittal sinus runs at the inferior border of the cerebral falx, above the corpus callosum, 

draining blood collected predominantly by the pericallosal veins, joining the straight sinus. The straight 

sinus originates behind the splenium of the corpus callosum, where the inferior sagittal sinus joins it 

together with the great deep veins, forming together the vena magna (of Galen). The straight sinus 

runs posteriorly between the cerebral falx and the tentorium, draining predominantly into the 

transverse sinus of the left side.  

The transverse sinus drains blood from the superior sagittal sinus and from the straight sinus via the 

confluens sinuum to the sigmoid sinus. The transverse sinus begins at the internal occipital 

protuberance and reaches, after a curvilinear course along the internal surface of the occipital bone, 

the base of the pars petrosa of the temporal bone, joining the sigmoid sinus. The sigmoid sinus begins 

at the temporal bone, reaching the jugular foramen and draining into the internal jugular vein.  

In regards of the connection with the straight sinus and the SSS, it can be said that the right transverse 

sinus predominantly drains blood coming from the cortical surface of the brain, whilst the left one 

predominantly drains blood coming from the deep part of the brain. From a neurological point of view, 

a thrombosis of the left transverse sinus can result in the worst clinical states. In general, the right 

transver sinus, as well as the right jugular vein, on the right side are bigger than the contralateral ones, 

because on the right side the jugular vein drains in a straight way (not in an angulated direction, as on 

the left side) into the subclavian vein. 

The tentorium also includes some highly variable venous sinuses. 

The so-called cavernous sinus, more recently and correctly defined as the “extra-dural neuro-axial 

compartment”, is located laterally to the sella turcica, draining blood from the orbits (via the superior 

ophthalmic vein), sphenoparietal sinus, superior and inferior petrosal sinuses. The two cavernous 

sinuses communicate with each other by means of the intercavernous sinus (superior and inferior), 

collecting blood to the basilar plexus (located on the clivus), as well as to the superior and inferior 

petrosal sinuses (as said, the direction of the flow, in antero-posterior direction or viceversa, depends 

also on the position of the head). The superior petrosal sinus runs in the dura mater of the tentorium 

at the point where it attaches to the petrous ridge, reaching the junctions between the transverse 

sinus and the sigmoid sinus. The inferior petrosal sinus is lateral to the sinus basilaris and joins the 

internal jugular vein at the jugular foramen.  

On the surface of the brain, there are also some anastomotic veins: the superior anastomotic (vein of 

Trolard), which connects the SSS with the sylvian veins, and the inferior anastomotic vein (vein of 

Labbé), connecting the veins of the sylvian fissure with the transverse and sigmoid sinuses.  
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The deep veins collect blood from the deep structures of the brain, converging into the internal 

cerebral veins, basal veins (of Rosenthal), vena magna (of Galen). In the lateral ventricles, the 

thalamostriate vein, the choroidal vein and the vein of the septum pellucidum can be observed quite 

constantly, converging at the level of the interventricular foramen in the internal cerebral veins, where 

the velum interpositum is located (a closed and thin space extending into the roof of the third ventricle 

from the pineal recess to the foramen of Monro). The two great internal cerebral veins converge in the 

vena of Galen, posteriorly to the epiphysis and corpus callosum. The basal veins (of Rosenthal) collect 

blood coming predominantly from the area around the anterior perforated substance, joining 

posteriorly the internal cerebral veins and the vena magna.  Blood is thus carried into the straight sinus 

and in the confluens sinuum, as already discussed. 

A specific clinicopathological entity of the cerebral venous system is thrombosis, e.g., the occlusion of 

the veins occurring in diseases of coagulation, infections or as a consequence of the use of drugs such 

as contraceptives. Cerebral venous sinus thrombosis is clinically very unspecific, ranging from a total 

absence of cliniconeurological symptoms to death, in some rare cases. The disease can be cured by 

means of anticoagulants (and the management of the associated diseases, such as intracranial 

hypertension and seizures) and endovascular thrombolysis. The figure on pg. 104 shows the 

thrombosis of the right-sided transverse sinus in a young woman on contraceptives. 
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Topographic	Anatomy	of	neurosurgical	operative	approaches	

Brain surgery involves the treatment of several different pathologies, included in the following fields:  

- Vascular neurosurgery: treatment of aneurysms, vascular malformations, cavernomas 

- Neurooncology: treatment of brain tumors, which are defined as intrinsic (intraparenchymal, 

within the brain) or extrinsic (extracerebral, e.g., meningeal tumors, or tumors of the calvaria, 

skull base and/or cranial nerves) 

- Functional neurosurgery: treatment of the “functions” of the brain, e.g., epilepsy surgery, deep 

brain stimulation of the deep nuclei for the treatment of motor dysfunctions  

- Neurotraumatology: treatment of neurotrauma, involving the brain and its “holder” (calvaria, 

face and skull base) 

- Pediatric neurosurgery: treatment of malformations (craniosynostosis), congenital 

hydrocephalus, pediatric brain lesions or specific forms of epilepsy. 

Several distinct operative approaches exist for the treatment of the different brain pathologies and 

distinct fields of “ultra”-specialization are required to manage the wide and complex entire spectrum 

of diseases. Several distinct approaches have been developed to reach each region of the brain, trying 

to avoid damage of the brain parenchyma. The ideal main goal of neurosurgical approaches is to 

perform pure “lesionectomy” without damage of the brain, as emphasized by one of the most famous 

contemporary neurosurgeons, Prof. Gazi Yasargil, who popularized, among other techniques, the 

pterional approach, a single approach used for the microneurosurgical treatment of several diseases.  

In the following paragraphs the approaches most often used are introduced in order to show and 

emphasize the importance of the deep knowledge and understanding of the topographic anatomy of 

the skull and brain for the best treatment of many diseases involving the brain. Few technical operative 

“tricks” are discussed, and then only if related to some interesting anatomic remarks. The anatomical 

regions accessed by the different operative approaches are visualized by means of a microscope 

and/or an endoscope, as routinely performed in neurosurgery.  

Pterional	approach	

The correct and extended name of this approach is “proximal (anterior) transsylvian approach through 

a pterional craniotomy”, developed in the 60’s by Yasargil for the microsurgical treatment of saccular 

aneurysms of the circle of Willis, frontoorbital and temporobasal arteriovenous malformations, 

cavernomas, and extrinsic and intrinsic tumors. The opening of the skull to reach the brain 

(craniotomy) is defined as “pterional” because it is centered on the anatomical landmark “pterion”, 

the point of intersection on the sutures in the lateral cranial vault (at the junction of the greater wing 

of the sphenoid, the squamous temporal, the frontal, and the parietal bones).  
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A curvilinear skin incision is performed between the ear (anteriorly to the tragus) and the forehead. A 

musculo-cutaneous flap is produced, respecting the integrity of the anatomical structures found 

before reaching the bone: temporal arteries and veins, temporal muscle (which is supplied and 

innervated by vessels and nerves located in its deep fascia), and the frontal branch of the facial nerve 

(innervating the frontal muscle). The reflection of the temporal muscle away from the bone is a crucial 

point of the operation, because damage to the frontal branch of the facial nerve occurring during this 

step can result in bad cosmetic and functional results for the patient. For this reason, the anatomical 

course of this nerve must be born well in mind, using the correct technique to save it (e.g., interfascial 

approach, between the layers of the superficial fascia temporal). The galea aponeurotica is separated 

from the pericranium and a frontotemporosphenoidal craniotomy is performed. One or more holes 

are made in the bone by means of drills, and a craniotomy can be performed over the frontal, sphenoid 

and temporal bones, in order to create a window in the skull, giving access to the dura mater over the 

sylvian fissure, to the lateral part of the lesser wing of sphenoid bone and to the orbital roof. Keeping 

the anatomy of the frontal sinus in mind, it is noteworthy here to remember that the frontal 

craniotomy can eventually open the lateral extension of such sinus. All the bone prominences which 

occlude the view of the surgical corridor can be drilled, such as some parts of the temporal squama 

and lesser wing sphenoid bones, as well as some prominences on the orbital roof (juga orbitales). The 

dura mater shows some branches of the middle meningeal artery running on it; a small meningeal 

depression indicates the underlying zone of transition between the frontal lobe and the temporal lobe, 

where the lateral fissure is located. The dura mater is then opened in a semi-circular fashion around 

the lateral fissure. Remembering that the epidural space is a virtual space (see chapter on meninges), 

in these operations it is necessary to hang the lateral part of the dura mater to the overlying bone 

before the end of the operation, to avoid the accumulation of blood in the epidural space (fig. on pg. 

107). The dural opening allows for the visualization of the frontal and temporal lobes, arachnoid 

membrane running over the lobes and bridging the sylvian fissure, arteries and veins. The sulci and 

gyri of the inferior frontal gyrus and superior temporal gyrus can be identified, e.g.: pars orbitalis, pars 

triangularis, pars opercularis, superior temporal sulcus. The incision of the arachnoid over the lateral 

fissure allows access to the subarachnoid space and then the escape of cerebrospinal fluid. Extending 

the opening of this fissure in antero-posterior and latero-medial direction, it is possible to split 

completely the lateral fissure, gaining wide access into the sylvian cystern. By opening all the 

arachnoidal membranes and intracisternal trabeculae, it is possible to observe mainly the following 

anatomical structures: middle cerebral artery, with its bifurcation at the limen insuale; internal carotid 

artery, anterior cerebral artery (A1 and A2), anterior communicating artery, lenticulostriate arteries, 

anterior choroidal artery, optic nerve, optic chiasm, Olfactory nerve in its overlying sulcus olfactorius, 

gryrus rectus, oculomotor nerve. It is clear that this approach offers a wide view of the anterior part 
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of the circle of Willis (and also of the posterior part, extending the intracisternal approach more 

posteriorly), as well as many brain structures which can be reached and operated on (e.g., the medial 

temporal lobe, with uncus and hippocampus, and the anterior part of the third ventricle). The figures 

on pg. 107 show a panoramic view of the described approach in order to focus on the relationships of 

the main anatomical structures seen by the pterional transsylvian approach. 

Retrosigmoid	approach	

It is the surgical approach used to reach the posterior cranial fossa, specifically the so-called “ponto-

cerebellar angle”, the region between the pars petrosa of the temporal bone, anteriorly, the 

cerebellum, posteriorly, and the brain stem, medially, with its own related cisterns and neurovascular 

structures (the cerebellum is located “posteriorly” considering the typical surgical lateral position of 

the patient). As already discussed, a typical lesion specific to this region is the vestibular schwannoma 

(acoustic neuroma), which can be surgically resected by means of a retrosigmoid approach. Also, 

trigeminal neuralgia due to neurovascular conflict (i.e., trigeminal nerve compressed by a cerebellar 

artery) can be treated by means of this approach. As the name suggests, the approach is performed 

behind the sigmoid sinus (meaning behind the ear and upon the mastoid processof the temporal 

bone). A quite useful landmark to perform the craniotomy is the asterion, the bone point where the 

lambdoid suture, parietomastoid suture and occipitomastoid suture converge together. In general (not 

always!) the asterion overlies the convergence of the transverse sinus with the sigmoid sinus, and thus 

it indicates, inferiorly to it, a point where the burhole can be safely performed. The introduction of the 

microscope or the endoscope into the field allows the visualization of the different structures within 

the ponto-cerebellar angle: all the cranial nerves of the posterior cranial fossa (from the third to the 

12th!), cerebellar arteries, tentorium, basilar artery and vertebral artery, internal auditory meatus, 

jugular foramen. 

Interemispheric	transcallosal	approach	

A craniotomy performed near the midline, closed to the coronal suture, allows access to the 

intermispheric fissure, aimed to reach the corpus callosum. The dura mater forms at the midline the 

roof of the superior sagittal sinus, reached by cortical and meningeal veins, as well as by the lateral 

lacunae. The lateral retraction of the medial surface of the frontal lobe away from the cerebral falx 

allows access to the interhemispheric cistern and to visualize its contents: callosamarginal artery, 

pericallosal artery (i.e., the continuation of the anterior cerebral artery over the corpus callosum), as 

well the cingulate gyrus on the medial surface of the hemisphere and the corpus callosum. A small 

(transversal or longitudinal) incision of the fibers of the corpus callosum, as performed in patients 

normally without any neurological deficits, allows the visualization of the contents of the third ventricle 

(pg. 109).  
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Endonasal	transsphenoidal	approach	

The sphenoid sinus is a very useful “gait” to the whole central compartment of the skull base, from the 

crista galli to the clivus and anterior craniocervical junction, as well as to many regions of the brain 

(e.g., orbital gyri of the frontal lobes and third ventricle). The most popularized approach for this kind 

of surgery is the endoscopic endonasal transssphenoidal approach, initially developed essentially for 

the treatment of the pathologies of the sellar region (e.g., adenomas of the pituitary gland). Actually, 

the improvement of this technique allows access and treatment of a very wide spectrum of skull base 

and brain diseases. Here we focus on the main anatomical structures involved in this surgical approach. 

When the endoscope is introduced into the nostrils, the anatomical structures of the nose should be 

identified: the middle turbinate, the nasal septum, the choana and the sphenoidal ostium, the latter 

as the “door” to access the sphenoid sinus. The enlargment of the sphenoidal ostium allows the 

introduction of the endoscope and of the surgical instruments into the sphenoid sinus, where it is 

possible to visualize the sellar floor, clivus, planum sphenoidalis, the bony protuberances of the 

internal carotid artery and optic nerve (the two structures form a recess in the area between, the 

opticocarotid recess). The opening of the bone of the sellar floor (by means of drills or special surgical 

instruments) allows the visualization of the pituitary gland, enveloped in its connective tissue. Above 

the pituitary gland it is possible to visualize the diaphragma sellae, the anterior part of the circle of 

Willis, as well as the optic nerves. The opening of the ethmoidosphenoidal planum allows access to the 

anterior cranial fossa, with the visualization of the basal frontal lobes and olfactory nerves. By opening 

the lateral walls of the sphenoid sinus is possible to gain access to the cavernous sinus and its 

compartment, as well as the carotid siphon and the branches of the trigeminal nerve. By opening the 

clivus, too, it is possible to visualize the basilar artery with its quadrifurcation as well as the third nerve. 

Figures on pg. 114 show an overview of the complex relationships of the anatomical structures of this 

region. 

Stereotactic	biopsy	
The execution of brain biopsies is indicated to determine the diagnosis of intracranial lesions, in order 

to assess the best treatment for the patient. Biopsies are performed by means of stereotactic 

procedures, meaning a system in which the target point (the lesion) and the entry-point (the “gate” 

on the skull to access the lesion) are identified by means of Cartesian coordinates, acquired on images 

(computed tomography or magnetic resonance). A biopsy needle is inserted into the lesion, in order 

to collect specimens to be analyzed. The biopsy can be “frame-based” (meaning, using a stereotactic 

frame fixed to the skull of the patients by means of screws in local anesthesia) or “frameless”, using 

neuronavigation systems. Specific softwares are used to assess the coordinates of the entry site and 

of the target, as well as the trajectory. The knowledege of the three-dimensional syntopy of the brain 

(white matter, nuclei and vessels) is essential in this “basic procedure” in order to reach the target 
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avoiding damage of important and/or vital structures on the way. The figure on pg. 115 shows an 

example of frame-based biopsy. The principles of frame-based biopsies are the same as used in 

functional operations of deep brain stimulation, used to implant electrodes in specific target points in 

order to treat movement disorders (e.g., drug-resistant Parkinson’s disease).   

Treatment	of	hydrocephalus	

The term hydrocephalus refers to an excess of “water in the brain”, meaning excess of cerebrospinal 

fluid in the ventricular system, with the consecutive enlargement of the ventricles (ventriculomegaly) 

and compression of the brain parenchyma. 

Hydrocephalus can be communicating or non-communicating (obstructive). The latter involves 

obstruction of the flow of CSF (cerebrospinal fluid) along the normal circulation pathway. An 

obstruction of the aqueduct of Sylvius, e.g. due to a mesencephalic tumor, causes the enlargement of 

the two lateral and the third ventricle, because the CSF produced in the choroid plexus of the 

supratentorial compartment cannot flow into the fourth ventricle. The obstruction of the foramen of 

Monro (e.g., because of a tumor like colloid cyst of the third ventricle) causes CSF accumulation in a 

lateral (or both) ventricle(s), causing its enlargement. In non-communicating hydrocephalus no visible 

obstruction is apparent, and the enlargement of the ventricles is due to a normal production of CSF 

and an abnormal CSF reabsorption. It can occur following a subarachnoid bleeding, for example, when 

the products of degradation of the hemoglobin obstruct the normal pathway of reabsorption of CSF 

(i.e., the capillaries).  

From a clinical point of view, hydrocephalus can present with a very wide spectrum of signs and 

symptoms, from asymptomatic to coma and death in hypertensive states. However, the classic “triad 

of Hakim”, occurring in normal pressure hydrocephalus in the elderly, even if not always found, is 

interesting to describe for its anatomical correlations. The triad consists of 1) dementia, 2) ataxia and 

3) urinary incontinence. Dementia is most likely caused by the progressive compression and 

dysfunction of the frontal lobes. Frontal lobes are also the site of a center for the control of urinary 

function, and this finding could explain the presence of urinary incontinence. As regards the ataxia, the 

internal capsule, carrying fibers from the motoneurons (Betz cells) of the fifth layer of the cortical 

motor strip, is adjacent to the lateral ventricles, and the fibers directed to the innervations of the spinal 

motoneurons for the legs are somatotopically located medially, nearer to the lateral wall of the lateral 

ventricles. The lateral expansion of the lateral ventricles may cause the compression, and as a 

consequence, the dysfunction of the pyramidal tract, translated into the classical ataxia of 

deambulation. 

Two different kinds of surgical operations are used for the treatment of hydrocephalus. 
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The first one is the insertion of a shunt, consisting of the diversion of CSF from the ventricles to another 

cavity, where it can be absorbed. Several different anatomic cavities have been proposed for this task, 

like pleura, bladder, right atrium via a neck vein, etc., but the safest and most often used is the 

peritoneum (ventriculoperitoneal shunt). A small catheter is inserted in the frontal or occipital horn of 

the lateral ventricle and is brought subcutaneously to the abdomen, in order to be located in the big 

intraperitoneal cavity. Along its course, the catheter crosses a pressure-valve (generally located 

subcutaneously behind the ear), to control the CSF outflow. This operation is thus a mechanical 

“external” diversion of the normal physiological CSF pathways. A more “physiological” treatment of 

hydrocephalus is the so-called “third ventriculocisternostomy”, which can be used only in some special 

conditions, like in obstructive hydrocephalus. The knowledge of brain anatomy allows the 

understanding of this technique, which consists of an “internal” diversion of CSF.  If CSF cannot flow 

into the fourth ventricle because of an aqueduct obstruction, for example, an alternative anatomical 

pathway can be created, by means of the creation of an opening in the floor of the third ventricle. This 

way, CSF from lateral ventricles can flow directly into the interpeduncular and prepontine cisterns, 

without any further obstacles. This approach is performed endoscopically. By means of a single burhole 

in the frontal bone, an endoscope is inserted in the brain parenchyma of the frontal lobe to reach the 

lateral ventricle. The endoscope allows the visualization of the intraventricular anatomical landmarks: 

foramen of Monro, choroid plexus, thalamostriate vein, choroidal vein, vein of the septum pellucidum, 

columns of the fornix, and head of the caudate nucleus. The insertion of the endoscope into the 

foramen allows visualization of the structures within the third ventricle, as shown in the fig. on pg. 116. 

It is very important to remember the whole anatomical syntopy of the third ventricles with the 

surrounding structures, such as the thalami on the sides, the optic chiasm, and so on.  The mammillary 

bodies indicate the site where the floor of the third ventricle can be surgically perforated. Sometimes 

this membrana is thin enough and “translucent” allowing visualization of the underlying arteries. The 

opening of this thin lamina allows visualization of the clivus and the contents of the interpeduncular 

cistern: the basilar artery with its terminal quadrifurcation and oculomotor nerve. 

 

 

 

 

*** 
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FIGURES	

Topographical anatomy, radiological anatomy, microscopic or endoscopic anatomy…  

Anatomy is anatomy, meaning the science of the shape and structure of organisms and their parts.  

There are different approaches, techniques, tools or ways to approach anatomy, but, what in 

conclusion is important, is the visualization and understanding of the structures.  

In the following section, pictures of anatomical dissections performed on human cadavers using 

different techniques (i.e., Klingler technique for the dissection of the white fiber system, plastination, 

casts, sections of fixed specimens) as well radiological or surgical (microscopic or endoscopic) images 

have been indiscriminately used to allow visualization and understanding of the neuroanatomical 

structures, particularly in consideration of their topographic relations to the surrounding structures, 

taking in account some functional and surgical considerations. 

In some anatomical specimens, the colour of the vessels is due to the injection of blue silicon in the 

venous system and red silicon in the arterial system. 

Special thanks are addressed to Prof. Dr. Manfred Tschabitscher for his help in collecting images and 

the use of specimens and some pictures belonging to him (© A. Di Ieva 2011 & © M. Tschabitscher). 

 

 

 

	

	

	

	

Legend of the figures 
R: right. L: left. S: superior. I: inferior. P: posterior. A: Anterior. CT: computed tomography. MR: 
magnetic resonance 
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SKULL	

Ø Sutures of the skull 

 
 

Ø Endocranial surface 

 
 

Ø Computerized Tomographic Angiography (CTA) 
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Ø Bones of the skull base 

 
 

Ø Foramina of the skull base 
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Ø Foramina of the skull base 

 
 

Ø 3D CT of the skull base 
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CRANIAL	NERVES	
Ø I and II nerves 

 
 

Ø Right parasellar compartment (cavernous sinus) with related cranial nerves 
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Ø Transsphenoidal endoscopic view of the suprasellar and right parasellar compartment 
(medial view) 

 
 

Ø Microscopic view of the right parasellar compartment (cavernous sinus) via a 
subtemporal approach (lateral view). The dotted circle indicates the site of the 
superior orbital fissure 
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Ø Abducens nerve, reaching the posterior wall of the cavernous sinus (note that the 
nerve is crossed by a small artery) 

 
 

Ø Nerves of the posterior cranial fossa (endoscopic view, left side, retrosigmoid 
approach) 

 
 

Ø  
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Ø Lower cranial nerves (endoscopic view of the left side, suboccipital approach) 

 
 

Ø  
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MENINGES,	CISTERNS	AND	CEREBROSPINAL	FLUID	
	

Ø Dural folds of the right side of the intracranial cavity 

 
 

Ø Axial section of the brain, showing bilateral herniation of the uncus in the tentorial 
incisura and compression of the cerebral crus 

 
Ø Brain and ventricles 
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Ø Ventricular system (metal cast) 

 
 

Ø Lateral ventricles 

 
 

Ø IV ventricle seen endoscopically from the foramen of Magendie 
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Ø Basal cisterns 

 
 

Ø Chiasmatic cistern 

 
 

Ø Cisterna magna (PICA: posterior inferior cerebellar artery) 
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Ø Communication between the cisterna magna and the spinal cisterns 

 
 

Ø Subdural and epidural hematoma (CT) 

 
 

Ø Intraventricular hematoma 

 
 

Ø CT scan of a case of “haematocephalus totalis”  
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BRAIN		
	

Ø Lateral surface of the brain (right side)	

	
Ø 	

	
	
	

Ø Frontal	lobe	(left	side)	
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Ø Frontal lobe (right side) 

 
 

Ø Medial surface of the occipital lobe (right side) 

 
 
 

Ø Right insula 
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Ø Right insula 

 
 

Ø Left insula and temporal lobe 

 
 

Ø Epiphysis 
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Ø Axial section of the hippocampus and parahippocampal gyrus (left side) 

 
 

Ø Medial surface of the brain 

 
 

Ø Hippocampus 
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Ø Latero-medial dissection of the right hemisphere, showing the relationship between 
the cortex, white fiber system, insula and limbic system (M1-M2: bifurcation of the 
arteria cerebri media) 

 
 

Ø Medial surface of the left hemisphere and connection with the right hemisphere 

 
 

Ø Medial structures of the brain 

 
 
 



75 
 

Ø Basal surface 

 
 

Ø Orbital frontal lobes 

 
 
 

Ø Basal surface of the brain, with injected arteries and veins 
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Ø Basal and medial surface of the left hemisphere 

 
 
 

Ø Trigonum olfactorium (left side) and substantiae perforatae 

 
 

Ø MR of the basal surface of the brain 
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Ø Axial section with basal ganglia and white fiber system 

 
 
 

Ø Coronal sections 

 
 

Ø  
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Ø  

 
 
 

Ø Coronal section 
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Ø Basal ganglia 

 
 

Ø MR of the basal ganglia 

 
 
 

Ø 7 Tesla MR, with specific sequences (SWI) to highlight iron deposits (veins, substantia 
nigra, red nucleus) 
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WHITE	FIBER	SYSTEM	
 

Ø White fiber system of the left hemisphere 

 
 

Ø Centrum semiovale 
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Ø Syntopy of the white fiber system 

 
 

Ø Left paracentral lobule removed to show the relationships with the ventricular atrium 

 
 

Ø Sulcus with “U-fibers” 
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Ø Left hemisphere and corpus callosum 

 
 

Ø White fibers of the left hemisphere 

 
 

Ø Fasciculus uncinatus (formed by several leaves with different directions) 

 
 

Ø White fibers of the left hemisphere 
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Ø White fibers of the left occipital lobe (note the calcar avis, formed by the 

intraventricular bulging of the optic radiations) 

 
 

Ø MR showing the relationship of the commissura anterior with the 3° ventricle 

 
 

Ø MR Tractography. It is a special MR sequence (DTI) to show the white fiber system. 
The different colors highlight the different directions of the fibers: red for the 
commissures, blue for the projection fibers, green for the associative fibers. 
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Ø Serial lateromedial dissection of the white fiber system (Klingler’s technique) of the 
right hemisphere (M1-M2: bifurcation of the middle cerebral artery). 
 

 
 



85 
 

 
 

Ø The “functional hemispherectomy” is a surgical technique used to disconnect the 
epileptogenic hemisphere. In this anatomical specimen the arrows show the white 
fibers disconnection of the right hemisphere. 
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ANATOMICAL	LOCALIZATION	OF	BRAIN	TUMORS	
	

Ø Frontotemporal glioblastoma multiforme of the left hemisphere. Patient affected by 
Broca’s aphasia.  

 

 

Ø Oligodendroglioma of the right temporal lobe. Patient affected by epilepsy. 

 
 
 

Ø Glioblastoma multiforme of the left temporal pole. Patient asymptomatic. 
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Ø Cavernoma of the third ventricle, splitting the columns of the fornix. Patient affected 
by memory dysfunctions. 

 
 

Ø Hemorrhagic meningioma of the right frontal lobe. Note the shift of the midline and 
of the structures of the right side (e.g., cingulate gyrus) towards the left side, as well 
as the blood in the occipital horn of the left lateral ventricle. Comatose patient 
(Glasgow Coma Scale: 4) 
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BRAIN	STEM	AND	CEREBELLUM		
	

Ø Sintopy of the brain stem (dorsal view)	

	
	

Ø Dentate nucleus and cerebellar peduncles 
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Ø Brain stem, dorsal views	

	
	

Ø 	
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Ø Brain stem, dorsal view 

 
 

Ø Brain stem, ventral view 
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Ø Quadrigeminal plate 

 
 

Ø Cerebellum, dorsal view, with injected cortical arteries and veins 

 
 

Ø Cerebellum, ventro-lateral surface with basilar system 
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Ø Dorsal surface of the right cerebellar hemisphere. Note the sulci crossing the midline 
upon the vermis. 

 
 

Ø Cerebellum, ventral surface with injected cortical veins 

 
 

Ø Cerebellar tonsils and medulla oblongata viewed endoscopically from the cisterna 
magna 
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Ø Syntopy of the left dentate nucleus 
 

 
 
 

Ø Connection of the nucleus dentatus with the red nucleus 
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BRAIN	CIRCULATION	
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Ø Circle of Willis 

 
 

Ø Circle of Willis, seen on MR Angiography and 3D Angio-CT 

 
 
 
 
 
 
 
 
 
 
 
 
 



96 
 

Ø Anterior Circle of Willis (COW. View of the basal brain) 

 
 

Ø Posterior Circle of Willis 
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Ø Carotid siphon (left side) 

 
 

Ø Bifurcation of the middle cerebral artery(M1-M2) at the limen insulae 

 
 

Ø Thick vascularization of terminal arteries supplying the hippocampus from the 
choroidal fissure  
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Ø Syntopy of the posterior circle of Willis (transsphenoidal endoscopic view)

 
 
 

Ø Vertebro-basilar system 

 
 

Ø Arteries within the cisterna magna 
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Ø Accidental finding of an aneurysm during anatomical dissection (pterional transsylvian 
approach) 

 
 
 

Ø Angiography, showing the presence of an aneurysm of the posterior communicating 
artery, and CT, showing a giant aneurysm of the left middle cerebral artery 
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Ø Neurosurgical operation of clipping of an aneurysm, to exclude the aneurysmal sac 
from the circulation

 
 

Ø Injection of arteries and veins of the brain cortex. The veins injected with yellow silicon 
drain blood into the anterior third of the superior sagittal sinus. 
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Ø Cerebral veins and sinuses 

 
 

Ø Left cavernous sinus 

 
 

Ø Endocranial surface of the cranial vault: superior sagittal sinus 
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Ø 7 Tesla MR, showing the deep veins of the brain 

 
 

Ø Confluence of the deep veins in the vein of Galen 

 
Ø Confluence of the posterior sinus in the jugular foramen 
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Ø Endoscopic view of the sinus around the pituitary gland 

 
 

Ø Right sinus sigmoideus visualized after mastoidectomy 

 
 
 

Ø Confluence of veins on the surface of the cerebellum 
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Ø MR Venography (sagittal view) 

 
 

Ø Complete thrombosis of the right sinus tranversus (arrows) in a young woman under 
contraceptive therapy 

 
 
 
 
 
 
 
 
 
 
 
 
 
 



105 
 

Topographic	Anatomy	of	neurosurgical	approaches	

Ø Lab of Endoscopy and Microscopy at the Center for Anatomy and Cell Biology, 
Department of Systematic Anatomy (Head: Prof. Dr. Manfred Tschabitscher), of the 
Medical University of Vienna. The picture shows some tools used for anatomical 
research and surgical training: microscope, endoscopes, exoscope, drills, HD monitors, 
registration systems, suction systems, … 

 

 

Ø Frontotemporosphenoidoparietal craniotomy. This kind of large exposure is generally 
used for the operation of decompressive craniotomy, used in some specific conditions 
to decompress the brain following bleeding or head trauma. 
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Ø Steps of the pterional approach 

 
 

Ø Extension of the pterional approach in the orbitozygomatic approach 
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Ø “Hanging” of the dura mater to the borders of the bone, in order to avoid that an 
epidural hematoma, after the operation, can cause compression of the underlying 
brain. The dura mater should be stitched, after the neurosurgical approach, to avoid 
cerebrospinal leakage.  

 
 

Ø Intracranial view in the pterional approach (cadaver dissection). 

 
 

Ø Intracranial view in the pterional approach (surgical approach on patient), with 
extension to the posterior circle of Willis. 
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Ø Bifrontal coronal approach, with isolation of the pericranial flap for watertight 
reconstruction of the anterior skull base. 

 
 

Ø MRI. Vestibular schwannoma of the left ponto-cerebellar angle, which can be 
approached by means of a retrosigmoid approach. 

 
 

Ø Anatomical landmarks for the retrosigmoid approach. Surgical field in the operation 
of neurovascular decompression of the trigeminal nerve, by means of the 

retrosigmoid approach.

 
 



109 
 

Ø Interemispheric transcallosal approach 
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Ø Wide anatomical visualization of the ventricles in the transcallosal approach 

 
 
 

Ø Endoscopic endonasal transsphenoidal approach. 
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Ø The endonasal transillumination makes it possible to visualize the areas of the skull 
base which are reachable by means of the endoscopic transsphenoidal approach. 

 
 

Ø Endonasal landmarks for the endoscopic transsphenoidal approach. 

 
Ø Sphenoid sinus “encircled” in a clock, in order to make the anatomical orientation 

easier. Hypophysis in the center, clivus at h. 6, internal carotid arteries at h. 3 and 9, 
optic nerves and optico-carotid recess at h. 2 and 10.  
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Ø Approach to the pituitary gland 

 
 

Ø Suprasellar extension 
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Ø Opening of the optico-carotid recess 

 
 

Ø Visualization of the anterior circle of Willis 

 
 

Ø Extension of the approach through the ethmoido-sphenoidal planum 
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Ø Extended endoscopic approach (P1: posterior cerebral artery, pars precommunicalis; 
P2: pars postcommunicalis). Note the duplicated superior cerebellar artery on the 
right side. 

 
 

Ø Intraoperative neuronavigation system, endoscopic resection of a pituitary adenoma 
(in yellow color, in the MR reconstructions).  Red structures: internal carotid artery  
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Ø Stereotactic biopsy. First modern stereotactic device, developed by Leksell in 

Stockholm. 
 

 
 

Ø Biopsy of a “butterfly” glioma (so defined because expanding between the two frontal 
lobes, via the corpus callosum). On the left it is possible to recognize the pins of the 
stereotactic frame, on the right the post-operative CT, showing presence of air in the 
tumor, where the biopsy has been performed. 
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Ø Ventricular shunt in the operation of ventriculoperitoneal diversion for the treatment 
of hydrocephalus. 

 
 
 

Ø Endoscopic treatment of obstructive hydrocephalus. On the left the trajectory of the 
endoscope through the foramen of Monro is visualized. On the right, intraoperative 
view of the endoscopic ventricular approach (in the operation of endoscopic third 
ventriculocisternostomy). 
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Ø Site of the opening of the floor of the third ventricle to perform the cisternostomy 
(communication between the 3°ventricle and the pontine cistern). 

 
 
 

Ø MR pre-op (upper images) and post endoscopic 3° ventriculocisternostomy (lower 
images). The arrow indicates the floor of the 3° ventricle, which results open in the 
post-operative MR, showing the cerebrospinal fluid flow from the third ventricle to 
the pontine cistern. 
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