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• Morphogenesis

• Histogenesis

• Development of  CNS Structure

• Development of CNS Tissue

DEVELOPMENT OF THE CNS























Developmental Alterations 



EARLY GESTATION (First 20 Weeks)

• Dysraphic malformations

• Disorders of  forebrain induction

• Malformations of cortical development



First order neural tube defects

o Anencephaly

o Craniorachischisis

o Myelomeningoecele

First order axial mesodermal defects

o With tissue herniation (Encephalocele; Meningocele)

o Closed defects

Tail bud defects

o Spina bidifa occulta

o Hydromyelia

o Low Split Cord

 Rostral neural tube

 Caudal neural tube

 Both

Dysraphic Malformations
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ANENCEPHALY

Replacement of most of the intracranial contents by the area 

cerebrovasculosa. 

Skull defects include:

■ absent or hypoplastic skull vault 

■ thickened and flat skull base 

■ shallow orbits so that the eyes protrude

 Incompatible with life

 Detected with ultrasound

 raised α -fetoprotein levels in maternal serum

Anencephaly - Craniorachischisis



CRANIORACHISCHISIS - RACHISCHISIS

Anencephaly - Craniorachischisis



ANENCEPHALY –
CRANIORACHISCHISIS

Anencephaly - Craniorachischisis





Encephalocele



First order neural tube defects

o Anencephaly

o Craniorachischisis

o Myelomeningoecele

First order axial mesodermal defects

o With tissue herniation (Encephalocele; Meningocele)

o Closed defects

Tail bud defects

o Spina bidifa occulta

o Hydromyelia

o Low Split Cord

 Rostral neural tube

 Caudal neural tube

 Both

Dysraphic Malformations



Caudal Neuropore Defects









Developmental Alterations 

EARLY GESTATION (First 20 Weeks)

• Dysraphic malformations

• Disorders of  forebrain induction

• Malformations of cortical development



Three anatomic types of cerebellar deformity associated with 
hydrocephalus.

Cerebellar herniation is not secondary to space occupying lesions.

- Chiari Type I

- Chiari Type II (Arnold-Chiari)

- Chiari Type III



■ May be asymptomatic. 

■ May present in infancy with neck pain, lower cranial nerve

palsies, sleep apnea, or sudden unexpected death.

■ May present in adulthood with cerebellar ataxia, late-onset

hydrocephalus, long tract signs, or symptoms and signs of 

syringomyelia. 

■ Strongly associated with syringomyelia (Chiari type I occurs

in 90% of patients with syringomyelia, including familial

types).

CHIARI TYPE I
Herniation of a peg of cerebellar tonsil (min. 5mm) through the foramen magnum in the absence of an intracranial 

space-occupying lesion or preceding hydrocephalus. No neural tube defect is present.



Association of anomalies characterized by a) a neural tube

defect, usually a lumbosacral myelomeningocele

(MMC) b) abnormalities of the posterior fossa and

craniocervical junction and c) hydrocephalus.

It combines herniation of the cerebellar vermis with

malformation and downward displacement of the brain

stem.
■ Almost invariably associated with a lumbosacral myelomeningocele. 

■ Associated with craniolacunia, a shallow posterior fossa and enlarged

foramen magnum, a wide tentorial hiatus and low tentorial insertion, a low

torcula, and a short fenestrated falx. 

■ Accompanied by hydrocephalus at birth in more than 80% of cases



CHIARI TYPE III
Rare cerebello-encephalocele through an

occipitocervical or high cervical bony

defect. Associated brainstem deformities

and spina bifida are similar to type II.



HYDROCEPHALUS
Dilatation of the cerebral ventricles; not a malformation, but deformation due to increased pressure in the ventricles. This

dilatation has a variety of causes, the common denominator of which is obstruction of CSF flow.

• Hypersecretion of CSF

• Obstruction of CSF flow

• Deficitary CSF filtration



HYDROCEPHALUS
OBSTRUCTIVE HYDROCEPHALUS

• Obstruction of the foramina of Monro (colloid cyst, tuberous sclerosis).

• Obstruction of the third ventricle (craniopharyngioma, pilocytic astrocytoma, germ cell tumors).

• Obstruction of the aqueduct (aqueductal stenosis or atresia, posterior fossa tumors, ).

• Obstruction of the foramina of Luschka or impairment of flow from the fourth ventricle (Chiari malformations, Dandy-

Walker malformation, meningitis, subarachnoid hemorrhage, posterior fossa tumors).

• Fibrosis of the subarachnoid space (meningitis, subarachnoid hemorrhage, meningeal dissemination of tumors), 

obliteration of the subarachnoid space by glioneuronal heterotopias in the Walker-Warburg syndrome.

Aqueductal atresia is a disruption that occurs in utero or post-natally. 

It may be caused by clots from intraventricular bleeding, infection, and 

other pathologies that cause gliosis and obliterate the aqueduct



Tubular cavitation of the spinal cord affecting cervical and upper thoracic segments. 

• The cavity is in the central gray matter of the spinal cord. 

• Initially it is separate from the central canal, but later, as it enlarges, it may communicate with it.

• Syringobulbia is an extension of the cavity from the spinal cord into the medulla. 

• The syrinx is lined by glial tissue. 

• It contains CSF-like fluid which accumulates progressively under pressure, causing atrophy of gray and white 

matter of the spinal cord.



Developmental Alterations 
EARLY GESTATION (First 20 Weeks)

• Dysraphic malformations

• Disorders of forebrain induction

• Malformations of cortical development



• Holoprosencephaly

• Agenesis of the corpus callosum

Failures in outgrowth and separation of the forebrain vesicles and in the development of 

the commissures. The hemispheric anomalies are associated with craniofacial anomalies. 



• Developmental defect of the forebrain (prosencephalon) 

• Incomplete separation of the cerebral hemispheres into distinct right and left halves 

• Mostly sporadic (occasional familial cases) 

• Prevalence: – 1:16,000 live births – 1:250 conceptuses 

• Three types: 

– Alobar (complete): no separation of the telencephalon, single ventricle in a small brain 

– Semilobar (incomplete): variable degrees of separation of the posterior cerebrum

– Lobar: a small focal fusion of the midline with T-shaped or Y-shaped lateral and third 

ventricles

HOLOPROSENCEPHALY



ETIOLOGY

• Material diabetes mellitus

• Infections: toxoplasmosis, syphilis, rubella

• Teratogens: ethanol, retinoic acid, cholesterol

synthesis inhibitors

• Genetic factors: – Cytogenetic abnormalities seen

in 50% of cases; Trisomy 13 most frequent



ALOBAR HOLOPROSENCEPHALY



ALOBAR HOLOPROSENCEPHALY

■ Neocortical hypoplasia with a relative lack of prefrontal association cortex and excessive allocortex.

■ Cortical disorganization or disturbed neuronal migration such as polymicrogyria, superficial cortical segmentation, 

prominent perpendicular cords of cells, and more deeply placed aneuronal neuropilic glomerular structures.





Intermediate between the alobar and lobar forms. There are mild microcephaly, a partly formed shallow interhemispheric

fissure, and some lobar structure with rudimentary temporal and occipital horns but continuity of the cortex across the

midline. Olfactory structures are usually absent.



LOBAR HOLOPROSENCEPHALY

Despite near-normal brain size, normal lobe formation, and separated hemispheres, the cerebral cortex is continuous across the

midline, at the frontal pole, or in the orbital region, or above the callosum (cingulosynapsis). Olfactory bulbs and callosum may

be absent or hypoplastic. Heterotopic gray matter may be found in the ventricular roof.





• Complete (total) and incomplete (partial) types – Partial is usually only missing the 

splenium 

• Isolated (silent clinically or subtle) or seen in association with other malformations (ex. 

holoprosencephaly) 

• Possible pathogenetic mechanisms: – Probst bundle of misdirected fibers – Mechanical 

defect suggested by hamartoma/ lipoma







• Morphogenesis

• Histogenesis

• Development of  CNS Structure

• Development of CNS Tissue

DEVELOPMENT OF THE CNS















































EARLY GESTATION (First 20 Weeks)

• Dysraphic malformations

• Disorders of  forebrain induction

• Malformations of cortical development











• Neuronal migration

disorder characterized by 

abnormal gyri

• Varies from agyria to 

pachygyria

• Severe mental retardation, 

hypotonia, intractable

seizures

• Several genetic types are 

recognized





Isolated lissencephaly sequence occurs in patients with deletions of the LIS1 gene 

• LIS1 encodes the non-catalytic subunit of platelet activating factor acetyl hydrolase: Involved in the regulatory

pathway for dynein – Important for neuronal migration

• More severe occipital/posterior parietal

• LIS1 + 14-3-3 GENES (short arm of chromosome 17): Miller-Dieker Syndrome (craniofacial malformations due to 14-

3-3; lissencephaly due to LIS1).

Doublecortin (DCX) gene mutation: X-linked dominant (Xq22); more severe anteriorly; lissencephaly in males, 

subcortical band heterotopia in females (see later).



Agyria and pachygyria refer to an absence of gyri and sulci, or reduced numbers of broadened convolutions, respectively, 

associated both macroscopically and microscopically with a thickened cortical ribbon

■ Molecular layer. 

■ Thin, external neuronal layer. 

■ Sparsely cellular layer with a tangential myelin fiber plexus.

■ A thick, inner neuronal layer, which splits in its deeper zone into columns of 

cells (lissencephaly type I). 

■ Posterior–anterior gradient of severity in LIS-I cases

■ Anterior–posterior gradient of severity in DCX cases.







LISSENCEPHALY TYPE II (COBBLESTONE)

• Autosomal recessive 

• Cortex unlayered disorganized with cobblestone surface and thickened meninges

• Variable muscular and ocular involvement with CNS disorders (muscle-eye-brain disorders)



Walker–Warburg syndrome

– Also known as HARD+E syndrome (hydrocephalus, agyria, retinal dysplasia, encephalocele) and 

cerebro-ocular dysplasia–muscular dystrophy syndrome

– Cobblestone lissencephaly, cerebellar dysplasia and vermal agenesis, hydrocephaly, occipital

encephalocele, congenital muscular dystrophy

– Variety of ocular anomalies

– Die in infancy

– Associated with mutations in POMT1 and POMT2 genes

Muscle-Eye-Brain disease

– Generalized muscle weakness, contractures, seizures, eye anomalies, cobblestone lissencephaly

– Associated with mutations in POMGnT1, LARGE, and FKRP









• Clusters of neurons and glia that form a region of gray matter in an abnormal location 

• May be single or multiple, line ventricles, in deep white matter, subcortical white matter, leptomeninges

• Overlying cortex can be normal or disrupted 

• May have normal intelligence and normal neurologic exam

GRAY MATTER HETEROTOPIAS

• Nodular Heterotopia

• Band Subcortical Heterotopia





Bilateral bands of heterotopic gray matter in the white matter 

located between the lateral ventricular walls and the cortex:

– Overlying cortex may be normal or have simplified gyral pattern 

– Mild to moderate mental retardation 

– Seizures, often with later onset

Mutations of DCX

Predominant in females (!)



Hyperconvoluted cortical ribbon of miniature, individually thin gyri, which are often fused together or piled on top of one 

another.

Acquired in the context of intrauterine ischemia (including encephaloclastic lesions), twinning, or intrauterine 

infection with cytomegalovirus, varicella–zoster virus, toxoplasmosis, or syphilis. 

Can also be familial, associated with metabolic diseases and peroxisomal disorders.





The 

Meninges

V. Kandisnky – Squares with concentric circles



Optic Nerve

Dura Mater
Arachnoid

Pia Mater

Subarachnoidal Space

Subdural Space

Epidural Space



















CLINICAL CASE 1

64-year-old Male

Found unresponsive following head injury. Prior to ER examination, the patient fell down the

stairs due to alcohol intoxication.. Reported loss of consciousness for approx. 15 minutes

following injury. Refused medical treatment and remained at home. The following morning, the

patient was found unresponsive and had vomited during the night; patient was brought to the

ER for neurological evaluation.

Physical examination: left forehead abrasion.

Neurological examination: unresponsive to commands, occasional agitated thrashing.

Left pupil not responsive to light. Right arm and leg did not move even in response to painful

stimulation.

Where is the site of the lesion?

What’s the likely diagnosis?



CT SCAN







CLINICAL CASE 2

78-year-old Male

Prior motorbike accident 2 months ago. The patient does not report direct head trauma nor loss

of consciousness during the accident. Examination in the ER following the accident evidenced

no abnormalities; the patient was dismissed and sent home.

Ever since, the patient started complaining of generalized fatigue, right-sided headaches,

worsening over the last month. The patient reports gait instability due to left leg weakness.

Neurological examination:

Alert and oriented, fluent speech.

Intact visual fields, extinction on the left to double simultaneous stimulation.

Mild left hemiparesis.

Normal reflexes.

Where is the site of the lesion?

What’s the likely diagnosis?



CT SCAN









The 
Ventricular Sytem

E. Manet – The Grand Canal













Ciliated cuboidal ependymal
cells lining the central canal of 

the spinal cord.



Choroid plexus
within a ventricle























The 

Spinal Cord

P. Brueghel – The tower of Babel



The 

Spinal Cord

P. Brueghel – The tower of Babel
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SPINAL CORD SERIAL SECTIONS





SPINAL CORD NISSL

https://pathpresenter.net/#/public/display?token=01011230



SPINAL CORD SILVER

https://pathpresenter.net/#/public/display?token=12ceaaa7
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V. Van Gogh – Mulberry Tree 















De Caro et al., 2000

Emmi et al., 2020























Medulla (lower) 1

https://pathpresenter.net/#/public/display?token=e41bb6dd









Medulla (lower) 2
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Medulla (upper)
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SUBSTANTIA NIGRA



Reticular Formation of the Brainstem

• The reticular formation is made of aggregates of 
neurons of various forms and dimensions and by a 
system of projection fibers with a diffuse 
organization.

• The dendrites are disposed in bundles forming an 
intricated net, through which the ascending and 
descending fibers pass. 



Reticular Formation of the Brainstem

• Philogenetically ancient, even though primitive organisms present a 
coexisting diffuse and organized system. 



Reticular Formation of the Brainstem

• Localized deeply within the brainstem.

• Diffuse connectivity, 

with direct and decussating projection systems. 

• Somatic and visceral functions.



Reticular Formation
Dendritic configuration

• Isodendritic: long dendrites which extend along the main
axis of the brainstem, on the transverse plane. (the most
common type in the reticular formation)

• Idiodendritic: A single dendritic tree with short dendrites
which curve towards the periphery of the nuclei of the 
reticular formation.

• Allodendritic: many short dendrites with reiterating path.





Reticular Formation of the Brainstem

• Chemoarchitectural organization of neuronal nuclei:

Grup A: noradrenergic e dopaminergic

Grup B: serotoninergic

Grup C: adrenergic

Grup Ch: colinergic



Reticular Formation
Anatomical Subdivision in columns

• Median: large neurons (serotoninergic)

Raphe nuclei

• Medial: large neurons
Gigantocellular neurons

• Lateral: medium sized and small neurons

Grey reticular substance of the pontine tegmentum





Grey reticular substance of the lateral
pontine tegmentum

Parabrachial Nuclei: -medial

-lateral

-ventral (of Kölliker-Fuse)

Pneumotaxic center



Bötzinger Nucleus

Stimulation of inhalation

Ventrally to the nucleus ambiguus.



F. Von Stuck – Circle Dancing
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Cerebellar Afferences

• Vestibulo-cerebellar

• Spino-cerebellar

• Cortico-Ponto-cerebellar

• Olivo-cerebellar

Cerebellar Efferences

• Cerebello-fastigio-vestibular

• Cerebello-dento-rubro













ESOPYRAMIDAL 

SYSTEM



































CLINICAL NEUROANATOMY
CEREBELLUM







Clinical Aspects - Cerebellar Lesions

• Ataxia -> lack of coordination, dysrhytmia and dysmetria

• Unsteady Gait

• Dysdiadochokinesia

• Vertigo

• Nausea

• Horizontal Nystagmus

• Headache

ATAXIA IS ALWAYS HOMOLATERAL!



Truncal Ataxia

• Lesions of the Cerebellar Vermis

Unsteady gait (Drunk-Like walking pattern)

Appendicular (Limb) Ataxia

• Lesions of the Cerebellar Hemispheres (intermediate and lateral)

Ataxic movements of the limbs, depending on the localization of the lesion.



Evaluating 

Coordination and Gait

APPENDICULAR COORDINATION

• Finger-nose-finger test (check also for overshoot!)

• Heel-shin test

ROMBERG TEST (Stability)

GAIT EXAMINATION

• Check stance, posture, stability, trajectory, circumduction

• Tandem gait , Forced gait









CLINICAL CASE 1

70Y M JANITOR w Hypertension

The patient went to work at 7.00AM and had sudden onset of nausea,

vomiting and unsteadiness. In the ER, neurological examination revealed

mild slurred speech, slowed tongue movements, dysmetria on finger to nose

test on the left, dysmetria on heel to shin test on the left, left

dysdiadochokinesia. Romberg test evidences side falls to the left w eyes

open; unable to stand. No other signs.

Where is the site of the lesion?

What’s the likely diagnosis?



CLINICAL CASE 2

76Y M w History of cigarette smoking habit

Patient developed progressive walking difficulty over the course of 1 month.

Reports feeling “woozy” when standing up with a “drunk-like” gait. Frequent

loss of balance, with staggering and unsteadiness. Frequent mild

headaches with progressive worsening. Neurological exam reveals wide-

based unsteady gait with tendency to fall to the left, especially in tandem

walking. No ataxia in finger-to-nose or heel-to-shin test. Rapidly alternating

movements were normal. No history of alcohol intake.

Where is the site of the lesion?

What’s the likely diagnosis?



CLINICAL CASE 3

13Y M w no prior medical history

Patient is referred to the pediatrician for 2 month progressive left occipital

headaches, nausea, slurred speech and unsteadiness. Reported symptoms

began with headaches in the left occipital region, sometimes accompanied with

nausea and vomiting. Difficulties concentrating and learning. Increasing gait

instability and mildly slurred speech.

Neurological examination reveals mild bilateral papilledema, horizontal and

vertical nystagmus, worse upwards. Speech slurred with an irregular rate. Marked

dysmetria on finger-to-nose testing, dysdiadochokinesia worse on the left, heel-to-

shin movements are ataxic on the left. Wide-based gait, unsteady, staggering to

the left. Unable to perform tandem test. Romberg does not worsen already

present instability.

Where is the site of the lesion?

What’s the likely diagnosis?



H. Fuseli – The Nightmare



Diencephalon – External Surface



Diencephalon:

1. Thalamus

2. Subthalamus

3. Hypothalamus

4. Epithalamus

5. Metathalamus









Hypothalamic functions

• Autonomic

• Endocrine

• Homeostatic

• Limbic



Regulation of sexual and 

reproductive functions, 

thermoregulation (heat 

dissipation)



Regulation of 

circadian rhythms



Lateral Hypothalamus:

Stimulates appetite

Medial Hypothalamus:

Inhibits appetite



Hypothalamic control 

of the Autonomic NS



Secretion of ADH 

(vasopressin) and 

oxytocin –

Axons projected to the 

posterior Pituitary



Nuclei projecting to the 

median eminence and 

regulating anterior 

Pituitary function









Limbic Circuits of the 

Hypothalamus

























PRION DISEASES – FATAL FAMILIAL INSOMNIA

Prion diseases are fatal neurological disorders that are thought to be
caused by the misfolding of a benign, widely expressed protein (PrPC)
into a distinct pathological conformation(s) (PrPSc) which is regarded as
the disease agent.

Prion diseases affect a range of important food production species and
include scrapie in sheep and goats, bovine spongiform encephalopathy
(BSE) in cattle and chronic wasting disease (CWD) in deer.

Sporadic (sCJD, sFI)

Acquired (vCJD, Kuru)

Genetic (gCJD, FFI, GSS)



PRION DISEASES – FATAL FAMILIAL INSOMNIA

Fatal familial insomnia is a very rare and invariably fatal autosomal
dominant neurodegenerative prion disease caused by a mutation of the
prion protein (PRNP) gene. Hallmarks of the disease include aggressively
progressive insomnia, subsequent autonomic disturbances, including
tachycardia, hyperhidrosis, and hypertension, cognitive disturbances
including deficits in short-term memory and attention, balance
problems, and endocrine dysfunction.

To date at least 70 kindreds affected by FFI with 198 members and 18
unrelated carriers have been published.



The cardinal symptoms of FFI, i.e. apathetic behaviour, attention
deficit, hypovigilance and loss of sleep, sympathetic hyperactivity,
and progressive attenuation of autonomic and hormonal circadian
oscillations, may be related to selective involvement of the AV and
MD thalamic nuclei. In fact, the severe and consistent atrophy of
these nuclei is the only common finding shared by all FFI cases





Michelangelo Buonarroti – The Creation of Adam



Myself wanting to finish examining slides from a case and go home

De Caro at 8PM asking to see more memes from the students



De Caro’s favorite (so far)My favorite (so far)
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Types of Sensitivity

• Tactile (Touch): - Protopartic

- Epicritic

• Proprioceptive (Conscious vs Non-Conscious)

• Enteroceptive

• Nociceptive (Pain and Temperature)































FRIEDREICH’S ATAXIA

Caused by expansion of GAA triplets (normal 6-34, pathological 1000+), chromosome 9q in FRDA, encoding frataxin.
- Low levels of frataxin lead to iron accumulation in mitochondria -> oxidative stress and neurodegeneration



Tabes Dorsalis

- Following syphilitic infection 
(15-20 years following first 
infection)
- Due to chronic 

inflammatory disease of the 
dorsal roots and ganglia 
with associated 
degeneration of the 
posterior columns of the 
spinal cord. 

- With progression, loss of 
pain and proprioceptive 
sensation may lead to 
recurrent joint trauma and 
degeneration (Charcot's 
joints), and ulceration of the 
feet. 

- characteristic shuffling 
broad-based gait due to the 
proprioceptive deficit.



Thalamic or Cortical lesion Lateral pontine or medullary lesion Medial medullary lesion





ESOPYRAMIDAL 

SYSTEM



Aymotrophic Lateral Sclerosis

- TDP-43 linked 
neurodegeneration

- Same protein involved in 
FTLD (TDP-43 type, non 
tau FTLD)

- Upper and Lower motor 
neuron involvement

- Degeneration of cortico-
spinal tract





P. Flechsig - Gehirn und Seele





































Input nuclei:

• Caudate nucleus

• Putamen

Relais nuclei:

• External globus pallidus (GPe)

• Subthalamic Nucleus (STh)

Output nuclei:

• Internal globus pallidus (GPi)

• Non-dopaminergic substantia nigra (SNND)

Modulating structures:

• Dopaminergic substantia nigra (SND)

THE BASAL GANGLIA – Functional Anatomy

Hardman et al. 2002
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Resting State (schematic)

GPi

(tonic)

Thal

VA-VL

GPe

(tonic)
STh

X

X
X

X

X

Inhibitory (GABA)

Excitatory (Glutamate)

Modulatory (Dopamine)

Inactive / low signal



Movement Initiation / Selection

M1 & Supp M. Cortex

Striatum (Cau+Put)

X

(Direct pathway)

Inhibitory (GABA)

Excitatory (Glutamate)

Modulatory (Dopamine)

Inactive / low signal

Gpi / SNr
X

Thal (VA-VL)



Movement Suppression

S Area of M. Cortex

Striatum (Cau+Put)

X

(Indirect Pathway)

Inhibitory (GABA)

Excitatory (Glutamate)

Modulatory (Dopamine)

Inactive / low signal

GPe
X

STh

GPi / SNr

Thal (VA-VL)

X

X





D1 (excitatory)

Dynophrin

Substance P

D2 (inhibitory)

Enkephalin



Matrix

70-80%

D2 MSN

Indirect Pathway

Striosomes

20-30%

D1 MSN

Direct Pathway
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CLINICAL CASE 2

62-year-old Male

The patient reports onset of mild right upper limb stiffness (10 years prior). Symptoms

progressed to difficulty with fine motor control and micrographia. Five years after the onset of

the first symptoms, he developed right hand tremor. The tremor spread to involve head and

jaw, and had difficulties in initiating movements. CT and MRI scans were normal.

Neuropsychological testing revealed mild frontal executive dysfunction.

Neurological examination:

Alert and oriented, speech fluent. Micrographia.

Reduced blink rate, mask-like facial expression.

Motor examination: cogwheel rigidity, bradykinesia (especially of the right upper limb).

Gait: slow, stiff gait with short steps and reduced arm swing.

Where is the site of the lesion?

What’s the likely diagnosis?



Histopathology





PD  Nigral Degeneration (VL)  Striatal dopaminergic denervation 
• Matrix is less inhibited

• Striosomes are less excitable





CLINICAL CASE 1

40-year-old Male

The patient’s girlfriend reports irregular jerking movements, initially of the upper
limbs, and progressively of the trunk, neck and lower limbs. The patient denies
having any involuntary movements. Also, behaviour is disinhibited with flat affect.

Neurological examination:
Alert and oriented, fluent speech. Mild blunted affect.
Saccadic eye movements appear slowed.
Motor examination: sporadic, brief and irregular movements of the face, neck,
trunk and upper estremities. Tandem gait unsteady.

Where is the site of the lesion?
What’s the likely diagnosis?



CLINICAL CASE 1

40-year-old Male

Family history: No siblings. Father was affected by the same symptoms and died 5
years following initial onset at age 49. Mother’s family was unaffected.

Patient MRI Healthy MRI





Autosomal dominant –

degeneration of matrix MSN 



Deep brain stimulation

for movement disorders 
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SURFACES OF THE CEREBRAL HEMISPHERES

MEDIAL

DORSO-LATERAL

INFERIOR / VENTRAL





Surface Landmarks

The cerebral hemispheres present a convoluted surface characterized by

• Cerebral convolutions or gyri

• Cerebral furrows (sulci, scissures and fissures).

• Fissures: deep clefts which separate large anatomical regions (no variation)

• Scissures: deep clefts that separate the hemispheres into distinct lobes (little variation)

• Sulci: separate gyri from eachother (high variability)



U
Transverse fissure of Bichat Interhemispheric fissure



LATERAL SURFACE

2 Scissures:

Lateral Scissure (Sylvius)

Central Scissure (Rolandus)





LATERAL SURFACE

3 Scissures:

Lateral Scissure (Sylvius)

Central Scissure (Rolandus)

Parieto-occipital

Anterior ramus

Ascending ramus

Posterior ramus



6 Lobes

1. Frontal

2. Parietal

3. Temporal

4. Occipital

5. Insular

6. Limbic

Visible (also) from the lateral surface

Visible by widening the Sylvian Scissure

Visible only from the medial and inferior surface



Frontal Lobe – Lateral Surface

Three sulci

1. Superior Frontal Sulcus

2. Inferior Frontal Sulcus

3. Precentral Sulcus

Four Gyri

1. Superior Frontal

2. Middle Frontal

3. Inferior Frontal

4. Precentral

Sup

Mid

Inf

Pre





Anterior ramus

Ascending ramus

Inferior Frontal Gyrus

Pars Orbitalis

Pars Triangularis

Pars Opercularis





Parietal Lobe – Lateral Surface

Two Sulci

1. Postcentral sulcus

2. Intraparietal sulcus

Two lobules

1. Superior Parietal Lobule

2. Inferior Parietal Lobule

2.1 Supramarginal gyrus

2.2 Angular gyri



Temporal Lobe – Lateral Surface

Two Sulci

1. Superior Temporal Sulcus

2. Inferior Temporal Sulcus

Three Gyri

1. Superior Temporal Gyrus

2. Middle Temporal Gyrus

3. Inferior Temporal Gyrus



Occipital Lobe – Lateral Surface

• No distinct gyri

• No distinct boundaries from the other lobes

• (only partially marked by parieto-occipital scissure)



Superior 

frontal

sulcus

Inferior 

frontal 

sulcus

Inferior 

temporal

sulcus 

Superior

temporal sulcus

Intraparietal 

sulcus

Precentral 

sulcus Postcentral 

sulcus





MEDIAL SURFACE OF THE BRAIN





Frontal
Parietal

Occipital

Temporal

Limbic



Superior and

inferior rostral gyri

Main Scissures of the medial surface

• Calcarine Scissure

• Central Scissure (continuation)

• Parieto-occipital scissure (or sulcus)



Superior and

inferior rostral gyri

Frontal Lobe – Medial Surface

• Superior frontal gyrus (sometimes called medial frontal gyrus)

• Inferior and superior rostral gyri

• Anterior part of the paracentral lobule





Superior and

inferior rostral gyri

Limbic Lobe

Limited by:

• Limbic Scissure (or callosal scissure)

• Cingulate Gyrus

Constituted by:

• Cingulate Gyrus

• Isthmus

• Parahippocampal gyrus

• Hippocampal formation

(hidden, not visible)



Superior and

inferior rostral gyri

Parietal Lobe

• Posterior part of the paracentral lobule

• Praecuneus

Occipital Lobe

• Cuneus

• Lingual Gyrus

• Fusiform gyrus (posteriorly) 

(or medial occipito-temporal gyrus)

Temporal Lobe

• Fusiform Gyrus (anteriorly) (or medial occipito-temporal)

• Inferior temporal (or lateral occipito-temporal)



Frontal
Parietal

Occipital

Temporal

Limbic







Occipito-temporal Medial Occipito-temporal

Fusiform Fusiform v2 



Inferior surface of the brain

Two regions:

• Frontal

• Tentorial



Frontal lobe

Orbital part (orbito-frontal)



Tentorial part

• Temporal lobe 

• Limbic Lobe

• Occipital Lobe





White Matter Anatomy

• Commissural fibers (telencephalon impar) (to the opposite hemisphere)

• Associative fibers (within the same hemisphere)

• Projection fibers (to lower targets, e.g. brainstem and spinal cord)



Commissural systems

• Corpus Callosum

• Anteior Commissure

• Posterior Commissure

• Habenular Commissure

• Commissure of the fornix





Association systems

• Short fibers (within adjacent gyri)

• Long fibers:

1. Cingulum (limbic lobe)

2. Superior longitudinal fasciculus

3. Inferior longitudinal fasciculus

4. Superior and inferior occipito-frontal fasciculus

5. Uncinate fasciculus

6. Arcuate fasciculus



Projection fibers

Descending systems (cortico-…)

• Cortico-striatal (basal ganglia)

• Cortico-ponto-cerebellar

• Cortico-nuclear

• Cortico-spinal
Pyramidal

Esoyramidal

Extayramidal



THE ANATOMICAL BASES 
OF 

CEREBRAL VASCULAR PATHOLOGY































Artery Occlusion

(territorial ischemia)



Hypotension

(Watershed ischemia)























https://pathpresenter.net/#/public/displa

y?token=84763618



https://pathpresenter.net/#/public/displa

y?token=87833a59





Functional Anatomy of the Telencephalon





Phylogenesis of the Cerebral Cortex

• Allocortex: also known as archicortex /

archipallium. Most ancient part of the cortex.

3 Layers. Found in the hippocampal

formation.

• Mesocortex: also known as paleocortex /

paleopallium. 4-5 layers; represents an

intermediate stage between the allocortex

and the isocortex.

• Isocortex: also known as neocortex or

neopallium. Most recent part of the cortex. 6

Layers. Makes up most of the cerebral

cortex.



Non-neocortical areas













+ +
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Three main cortical microcircuits core motifs involving inhibitory interneurons

Feedback 

inhibition 

Recurrent

inhibition

Lateral

inhibition

Feedforward 

inhibition 
Dishinhibition 

--Essential for the correct processing of sensory information 

(e.g. gain control and dynamic range modulation,  sensory feature selectivity, 

surround suppression, synchronization, cell assemblies formation and competition)

--Essential to maintain a dynamic cellular excitatory-inhibitory (E/I) 

balance necessary for the transfer of information while

preventing runaway excitation



LB: large basket

SB: small basket

DB: double bouquet

NG: neurogliaform





Zonal differences

• Agranular (1): almost absent granular layers,

very little incoming sensory fibers (astriate).

Motor areas (M1).

• Frontal (2): little developed, yet present, granular

layers. Mostly found in the frontal and parietal

lobe (non primary motor/sensory areas).

• Parietal (3) Predominance of granule cell layers

over pyramidal layers, but both are present and

developed. Sensory cortices, balance between

incoming (sensory) and outgoing (motor /

association) fibers.

• Polar (4): thin layers of the frontal and occipital

poles. Granular predominate over pyramidal.

generally thinner than parietal cortices.

• Granular (5): almost absent pyramidal layers,

layer V almost not distinguishable. Predominance

of granule cells. Often also termed striate cortex

due to prominent afferent fiber systems (eg. Stria

of Gennari in the occipital lobe).





Corbinus Brodmann (1909) 

Map of cytoarchitectural areas of the cortex (1-52) 









Primary Motor Area (M1)

Divides into:

4γ

4α

4S



4γ

4α

4S

Form descending fibers (pyramidal pathway)

Form descending fibers to striatum  (extrapyramidal pathway)



Cortico Spinal

Cortico Nuclear



Lesion of M1

Contralateral paralysis



Premotor, Supplementary Motor & 

Frontal Eye Field (Area 6)

Area 8 + part of area 6



Premotor, Supplementary Motor & 

Frontal Eye Field (Area 6)

Premotor (lateral area 6):

Anterior to M1 (lateral area 6).

• Connected to the basal ganglia circuits

• Contributes to the pyramidal pathway

Function: motor preparation and movement

Frontal Eye Field (8+6):

• Connected to the oculomotor circuits

• Contributes to the cortico-nuclear pathway

Function: control of conjugated eye movements

Area 8 + part of area 6

LESION: ipsilateral conjugate deviation of the eyes



Premotor, Supplementary Motor & 

Frontal Eye Field (Area 6)

Supplementary Motor (Medial area 6):

Medial surface of the frontal lobe, anterior to the paracentral lobule.

• Contributes to the pyramidal pathway

• Great quantity of connections with the frontal lobe 

and motor areas

Function: Motor memory, complex movements 

and sequential movements.

LESION: similar to basal ganglia lesions 

and akinesia



Prefrontal Cortex

Motor areas for speech (Broca’s Area): Area 44-45

• Opercular and triangular part of the inferior frontal gyrus

• In the dominating hemisphere: center for speech production

LESION: non-fluent aphasia



Non-fluent Aphasia (Broca’s Aphasia)



Prefrontal Cortex

Areas 9-10 (DL-PFC)

Areas 11 (orbitofrontal cortex)

LESION: dysexecutive syndromes, lack of inhibition, 

complex cognitive disturbances



Case of Phineas Gage

LESION: dysexecutive syndromes, lack of inhibition, 

complex cognitive disturbances



Somatosensory Area (S1)









Associative somatosensory areas

• Superior parietal lobule (cortex) – Areas 5-7

• Inferior parietal lobule (cortex) – Areas 49-40
Functionally related to stereognosis



Lesion of associative parietal areas (left 

hemisphere or dominant hemisphere)

• Inferior parietal lobule (cortex) – Areas 49-40

Gerstmann Syndrome

• Dysgraphia / Agraphia

• Dyscalculia / Acalculia

• Left-right disorientation

• Finger Anomia



Lesion of associative parietal areas 

(right hemisphere)

• Superior parietal lobule (cortex) – Areas 5-7

Neglect



Neglect

• Most often, limbic and emotional circuits are intact



Primary and associative auditory areas

• Heschl’s Gyri (cortex) – Area 41 (A1)

• Superior temporal and inferior parietal cortex – Areas 42-22

• Cortical Deafness

• Fluent Aphasia

Lesion

Wernicke’s aphasia







Primary (V1) and associative visual areas(V2-3)



Primary (V1) and associative visual areas(V2-3)

V1 – Area 17

Primary visual cortex

LESION: Anton’s Syndrome (Cortical Blindness)



Primary visual areas (V1)

V1 – Area 17

Primary visual cortex

LESION: Anton’s Syndrome (Cortical Blindness)



Primary (V1) and associative visual areas(V2-3)

V2-3 – Area 18-19

Associative visual cortices

• Occipito-parietal circuit  Where?

LESION: Optic Ataxia, Balint Holmes 

Syndrome

• Occipito-temporal circuit  What?

LESION: Agnosia, Prosopoagnosia



Agnosia

Deficit in the post-sensorial elaboration of stimuli.

(which are modality specific!)





Limbic System

Telencephalic structures: 

(Limbic Lobe)

• Cingulate cortex

• Subcallosal Cortex

• Parahippocampal cortex

• Hippocampal formation

• Amygdala

• Septal Nuclei

• Nucleus Accumbens
Diencephalic structures: • Mammillary Bodies

• Anterior Thalamic nuclei

Neocortex

Archicortex

Deep nuclei
(telencephalon)

Deep nuclei 
(diencephalon)



Cingulate gyrus: Areas 23-24-31

Parahippocampal Gyrus: Area 27-28-35



Phyologenesis of the Cerebral Cortex

• Allocortex: also known as archicortex /

archipallium. Most ancient part of the cortex.

3 Layers. Found in the hippocampal

formation.

• Mesocortex: also known as paleocortex /

paleopallium. 4-5 layers; represents an

intermediate stage between the allocortex

and the isocortex.

• Isocortex: also known as neocortex or

neopallium. Most recent part of the cortex. 6

Layers. Makes up most of the cerebral

cortex.



Non-neocortical areas







Mesocortex

Archicortex

Isocortex



Mesocortex

CA3

CA2

CA1

DG

Archicortex

CA4

Isocortex

Subiculum

Parahippocampal gyrus & enthorinal cortex

Fusiform / Medial Occipito-Temporal Gyrus





Ammon’s Horn (CA): 1. Molecular Layer (Stratum Moleculare)

2. Pyramidal Layer

3. Polymorphic Layer (Stratum Oriens)

1
2

3
Stratum Moleculare

Pyramidal layer

Stratum Oriens



Dentate Gyrus: 1. Molecular Layer (Stratum Moleculare)

2. Granule Cell Layer

3. Polymorphic Layer (Stratum Oriens)

1
2

3

Stratum Moleculare

Granule Cell Layer

Polymorphic Layer





Two main intrinsic pathways in the 

Hippocampal Formation:

• Alvear pathway

• Perforant Pathway

Afferences:

• Enthorinal Cortex

• Modulatory nuclei of the brainstem

• Septal nuclei

Efferences (via the Fornix):

• Septal nuclei (precommissural)

• Mammillary bodies (post commissural)

• Contralateral hippocampus (commissural)

• Enthorinal cortex and subiculum (loop)



CA3

CA2

CA1 DGCA4

Subiculum

Parahippocampal gyrus & enthorinal cortex

1

1

1. Enthorinal

2. CA1/CA3

Fornix (via 

alveus)
Subiculum

Alvear pathway (monosynaptic)
or Temporo-ammonic pathway:



CA3

CA2

CA1 DGCA4

Subiculum

Perforant pathway (trisinaptic):

Parahippocampal gyrus & enthorinal cortex

1

Enthorinal

Dentate Gyrus

Fornix
(Via alveus)

Subiculum

2

3

CA

3

CA

1

Schaffer 

Collateral



Efferences (via the Fornix):

• Septal nuclei (precommissural)

• Mammillary bodies (post commissural)

• Contralateral hippocampus (commissural)

• Enthorinal cortex and subiculum (loop)
Associative cortices 

(long term memory storage)



Patient H.M.

Total anterograde memory loss (unable to form new memories) following surgical resection of the medial temporal lobe

(including hippocampus) due to intractable epilepsy.



The amygdala (amygdaloid body)

• Fear and salient stimuli, mediates survival-related quick responses

Afferences:

Sensory thalamus, Brainstem, Association Cortices

Efferences:

• Stria terminalis (to thalamus)

• Amygdalofugal pathways (to hypothalamus, brainstem,

hippocampus)



Basolateral
Corticomedial

Central







To summarize the Limbic System….



Papez’s Circuit (1937)

Hippocampal formation

Mammillary Nuclei

Anterior Thalamus

Other targets

Parahippocampal Cortex

Enthorinal Cortex

Cingulate Cortex



The neocortex and archicortex in pathology

Alzheimer’s Disease



Alzheimer’s Disease

• Commonest cause for dementia
• Can be sporadic, familiar, or associated to other syndromes (e.g. Down Syndrome)



Alzheimer’s Disease

• Commonest cause for dementia
• Can be sporadic, familiar, or associated to other syndromes (e.g. Down Syndrome)

MACROSCOPIC FEATURES

• Global atrophy (weight > 1200g)
• Shrinkening of gyri, enlargement of sulci
• Ventricular dilation (hydrocephalus ex-vacuo)





Alzheimer’s Disease
Microscopic Features

• Intracellular Neurofibrillary Tangles (TAU)

• Extracellular Senile Plaques (Beta-Amiloid Plaques)



pTAU – No 
AD

pTAU – intermediate 
AD

pTAU – advanced AD pTAU – advanced AD
β-Amyloid – advanced AD



AD Amyloid Plaque Staging
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Alzheimer’s Disease





Alzheimer’s Disease

Lecanemab trial…. a monoclonal antibody against Beta-Amyloid



CLINICAL CASE 1

83-year-old Male

Reported 4 years of worsening memory impairment, following retirement. Initially the patient was
unable to remember new information, especially events occurring recently, and reported loss of smell
(anosmia). No difficulties in recalling distant memories. Family reports disorientation and inability to
find the way back home. Started displaying signs of irritability and was easy to anger.

Neurological examination:
Alert. MoCA score: 22/30.
MRI: mild global atrophy.
Progressive worsening of cognitive status on follow-up examinations.

Mild atrophy of the cerebral hemispheres. Cored amyloid plaques are found
in the associative cortices of the parietal and temporal lobe and,
less diffusely, in the limbic regions.
pTAU is mainly found in the limbic regions and in the temporal cortex.

Parietal Cortex 
- Beta Amyloid IHC



CLINICAL CASE 2

86-year-old Female

Housewife. 7 years of worsening memory impairment; admitted to hospice. Marked cognitive decline,
abulia and anhedonia.

MRI moderate global atrophy.

Neuropathological evaluation revealed global cortical atrophy, more pronounced frontally, and reduced
hippocampal volume. Neurofibrillay tangles and cored neuritic plaques are found throughout the limbic
and associative cortices.

Anterior Hippocampus
- pTAU (Pink)
- Beta Amyloid (Brown)


