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Il lobo frontale




Il roditore: una “macchina sensori-motoria
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espansione delle cortecce associative

aree parietali e
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“l'ontogenesi
ricapitola la
filogenesi

la maturazione della
corteccia e precoce a carico
delle aree primarie, molto
piu tardiva nelle cortecce

associlative, specialmente
prefrontal

LANGUAGE

The area of the brain governing
language is immature, as indicated
in orange, but continues to develop
rapidly in children through age 10.
The brain already has begun a
"pruning" process, eliminating
redundant neural links. This will
accelerate in later years, one reason
why learning a new language is
easy for children and virtually
impaossible for many adults.
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(top view)

REASON

The dappled yellow and red areas
of the prefrontal cortex indicate that
this part of the brain, which affects
abstract thinking, reasoning skills
and emotional maturity, has yet to
develop. This lack of maturity is
one reason young children cant
juggle a lot of information and
throw tantrums when presented
with too many choices.

Go to Age 13
N\

SPECIALIZATION

In the teen years, an abundance of
neural links continue to be
discarded. Underused connections
will die to help more active
connections thrive. As a result, the
child's brain will become more
specialized and efficient.
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Mature
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More
Mature

(top view)

15 years old

Go to Age 17
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FINE MOTOR SKILLS

While basic motor skills are well
developed by age 5, children
experience a burst of fine motor-skill
development between ages 8 and 9,
helping to explain gains in the ability
to use scissors, write neatly or in
cursive, and manipulate models and
craft projects.

Brain Maturity
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Less More
Mature Mature

Basal ganglia
not visible.

MATHEMATICS

By the age of 9, the parietal lobes
are beginning to mature.
Development here allows children
to acquire math and geometry
skills. The pace of learning at this
age is fast and can be enhanced
with flashcards and math drills.

ABSTRACT THOUGHT

The deep blue and purple of the
maturing prefrontal cortex shows
why the brains of older teenagers
are capable of dealing with far more
complexity than younger children.
This development leads to a burst of
social interactions and emotions
among older teens. Planning, risk-
taking and self-control become
possible.
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17 years old
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EARLY DEVELOPMENT

In the first few years of life, areas of

the brain devoted to basic function Brain Maturity Front
change at a rapid pace. By age 4, _ @

primary senses and basic motor Less More

skills are almost fully developed. Mature Mature

The child can walk, hold a crayon
and feed himself.

SENSATION
Areas responsible for sensations

like touch are almost as developed
as they ever will be.

VISION
The part of the brain governing
vision has already matured.

(top view)

4 years old
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JUDGMENT EMOTION
The prefrontal cortex is among the Deep in the limbic system, a
Front capacity for creating emotion

last areas to mature. Until it does,
children lack the ability to adequately
judge risk or make long-term plans.
Ask kids at this age what they want

Brain Maturity
Less More
Mature Mature

to be when they grow up, and the
answer is likely to change often.
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13 years old

Age 9

increases. As yet, this capacity is
unrestrained by the prefrontal
cortex, which lags behind. That's
why some teens can seem
emotionally out of control.

LOGIC
The parietal lobes are developing

rapidly at this age, as shown here inggs

blue. The child's intelligence and
analytical abilities are expanding.

(top view)

Go to Age 15
N\t

EXECUTIVE FUNCTIONS
Although the brain appeared to be
almost fully developed by the teen
years, the deepening blue and
purple areas here show that
tremendous gains in emotional
maturity, impulse control and
decision-making continue to occur
into early adulthood.
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MATURATION

The 21-year-old brain is mostly
mature, but the areas of green
show that even at the threshold of
legal adulthood, there is still room
for increases in emotional maturity
and decision-making skills, which
will come in the next few years.

(top view)

21 years old
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aspetto esteriore del lobo frontale

Catani 2019
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Superior frontal g. Precentral g.

Middle frontal g.
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Inferlor‘ frontal 9.2

| girl frontali
convergono
anteriormente
sul polo frontale

Frontal pole

Frank Gaillard
Radiopedia.org

Orbital gyri



Table 1.1 Prefrontal (PF) areas in human and macaque monkey brains. Area numbers In

parentheses

Type Area Humans Monkeys

Granular Caudal PF Caudal Iateral (8) Prearcuate (8)

DE coptay T .

la cafifesione
articolazione nella
nomenclatura rivela

la complessita del
tema
Agranalar
PF cortex

Passingham
& Wise 2012

Dorsomedral PF

Lateral area 9

Postero- Iateral PF

Ventral PF

Granular orbrtal PF

Polar PF

Medlal agranular PF

Lateral agranular PF

Superior frontal gyrus and

medlal PF (9)

Superlor frontal gyrus (9)
Mrd Iateral PF

..............................................................................................................................................................................................................................

Middle frontal gyrus (46)

Caudal mrddle frontal

gyrus (9/46)
Inferror frontal gyrus (45 47)

Orbrtal surface (11, rostral 13,

rostral 14)
Frontal pole (1 O)

Anterior cingulate (24)

infralimbic (25), prelimbic (32)

Caudal areas 13 and 14
and agranular insular cortex

Superior frontal gyrus and

medral PF (9)
Superror frontal gyrus (9)

Pnncrpal sulcus (46)

Caudal prrncrpal sulcus (9/46)

Inferlor convexrty (45 12)

Orbrtal surface (11, rostral 13,

rostral 14)

Frontal pole (1 O)
Anterior cingulate (24)

mfralrmblc (25) prellmbrc (32)

Caudal areas 13 and 14 and
agranular insular cortex




Table 1.2 Terms for groups of frontal areas

Region Components

Caudal PF Area 8, iIncluding frontal eye fleld (FEF) ?postero- -lateral PF (area 9/46)

Dorsa| p|: ............................................. M|d |atera|pp(area45)|atera|area 97poster0| atera|pp(areag/46)7 .........................

Medral PF' ww.lnfrallmblc (area 25), prelimbic (area 32), anterior cingulate (area 24), medlal
area 9, and polar PF (area 10)

Orbi'ral'PF., OFC - “Granular & agranular orbltal cortex (11 13 14) agranular”lnsularcﬂdrtex'

Ventral PF WWArea 12/47 and area 45,7 area 447

Latera| prem.omr.... | ..._Dorsal and vemral premOtor e o

Medral premotor - ..'.“Presupplementary motor area (preSMA) supplementary motor area (SMA) o

crngulate motor areas (C MAS)

Premotor cortex Lateral and medlal premotor areas

4 Medial parts of the polar PF cortex in humans.

? An area that might be included in a group. Passingham & Wise 2012



cosa fa?

* “Frontal lobe functions are conditional on the
development of an intricate set of connections
that guarantee access to sensory information,
memories, and internal states for the online
control of cognitive activities and movement”

(Marco Catani, 2019)



cosa fa? JM Fuster 2008

* store of long-term executive memory (representational)

* vast array of widely distributed, intersecting and overlapping networks
representing long-term memory of actions upon the environment

* networks formed over repeated interactions of the organism with the
environment, probably by Hebbian plasticity

* medial and orbital: patterns of emotional, social, visceral action
lateral: structured actions in the behavioral, linguistic, cognitive domains
(all three regions are heavily interconnected)

* goal-directed behavior (operational)



cosa fa? Passingham & Wise 2012

!6- —b!

* the prefrontal cortex performs a simple fundamental function:
it uses information about the current behavioral context to

generate goals according to current biological needs, and it can
do so on the basis of single events




In effetti, capire
"cosa fa” Il cervello &
tutt'altro che semplice:
'aspetto morfologico

non offre indizi sulla
sua funzione
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un tempo, gl unici
Indizi provenivano dagl
effettl delle lesioni



Brocas

patients
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Phineas P. Gage (1823-1860) Jevising Many



Frontal

Parietal

B Temporal
B Occipital
B Insular

Cingulate gyrus

B Thalamus da lla

Caudate nucleus

B8 Lentiform nucleus n e u roa n ato m ia

Hippocampus

puramente
= pors descrittiva...

Medulla oblongata

Midbrain

Cerebellum -

Anterior lobe

. Posterior lobe
M. Debowsk: 2018
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...al primi passl verso una neuroanatomia funzionale

Brodmann:
aree identificate e
numerate In base a

sistematiche differenze

di architettura istologica
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sorprendenti paralleli tra

Intima architettura della

corteccia e funzione delle
aree corrispondenti
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esercizio importante:
colmare Il solco tra strutture nervose
[visibili @ occhio nudo e attraverso le
comuni metodiche di imaging])
e architettura microscopica del
tessuto nervoso




encefalo di macaco In
sezione Istologica ottenuta
con metodo di Nissl
(colorazione con blu di
toluidina]
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la colorazione di Nissl mostra solo il corpo
cellulare e una breve porzione Iniziale di
grossi dendriti delle cellule nervose

The signal can only be “yes” or “no”
but when it's “yes" it's go go go.

GABA,

glutamate.
Serotomn

must cross the cleft
to get things rollin’.

f Dendnites branch
and dendntes grow
to help the neurons

say “hello."”

The signal goes along the way
by jumping nodes of Ranvier
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- la "reazione nera” di (Golgt
~ rivela la vera, completa

- morfologia del neuroni
— e — I




Camillo Golgl, corteccia cerebrale di coniglio



cellula di Purkinje



" | le zone apparentemente “vuote” [
tra 1 corpi cellulari sono occupate |/
da "neuropilo”, I'intricato insieme | =
di prolungamenti cellulari
neuronall e glali




Cortex by numbers

o

Cortical surface: 2600 cm?
Number of neurons: 27.4 x 107
Synapses per mm3 440 x 106
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neuroni piramidall




neuroni di
proliezione

. guesto assone puo

‘ /@j -, percorrere distanze

notevolissime prima di dare
origine, a sua volta, a
ramificazioni terminali;
guesti neuronli si chiamano
“di proiezione” e creano

- connessioni dirette fra
strutture nervose distinte
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neuroni ad
assone corto’

soma e dendriti
assone e terminazioni




J neuroni a circuito locale ==

iNnterneuront




onnessionl

| Neuroni sono per
AL L . L .
definizione "di proiezione

-~ gli interneuroni sono qguando Il loro assone esce
| interamente contenuti dalla sostanza grigia, '

percorre un tratto di
sostanza bianca per poi
rientrare nella sostanza

4 Inun'area o nucleo d

| sostanza grigla . . .
* la maggior parte del neuront

B I _ _ _ _

y ;
: "' U . \
: P . b, ' * . - 5 ) ..’.‘.‘t
o, -

~ . ... diproiezione sono eccitatori;

" |
'

whsivarsey L grigia, dove entra in *
. - | gliinterneuroni si distinguono | fatt o | 4
i * i 4 in eccitatori e inibitori (rosso] | contatio con aitr neuront




mielina




assoni lunghi mielinizzati

Il contenuto delle sostanze
grigia e bianca




«r g Soen
» .

022X o B @ @ i




" » -




Brodmann

| aree corticall
numerate In base
| allo spessore e

. 0rganizzazione

| degli strati
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architettura da
pIU punti di
vista... @@




altre “semplificazioni”



cortical I/0

“ input
most of the cortical afferents end on layer
IV interneurons

“ 1ntegration
local circuit neurons (both excitatory and
inhibitory) process information

* output
layer III & V pyramidal (projection)
neurons carry signals away
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Von Economo

1. heterotypical, agranular

2. homotypical, frontal

3. homotypical, parietal

4. homotypical polar

5. heterotypical, granular .
primary |

SCNSOTY

primary
motor




la corteccia e mOdUIa re ~ cortical areas are often, and perhaps
typically, further divided into two or

more sets of modules or columns of
functionally related neurons, so that

single areas can mediate several
Sudden changes ‘ - _
in properties ~! distinct, but related functions

l

|

Similar properties

_

sat!

cells encountered by an advancing (recording or stimulating)
electrode can have similar properties, or can regularly shift in
preferences, depending on the anatomical location of the penetration



M1-S1 transition
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definizione
di area
corticale

- connessione

- ae " & vy, ‘\ ’ . ’
AT AT WEOAEASEE e ey,
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un‘area corticale e una porzione di corteccia
caratterizzata da una particolare architettura,
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un grande debito di riconoscenza vVerso
le specie animali su cui e basata la
ricostruzione dell’'organizzazione
morfologica e funzionale della corteccia
e delle altre strutture nervose




nel modelll animali:

+ aree corticali (e nuclei sottocorticali)

# architettura (istologia, immunoistochimica)

“ proprieta funzionali delle cellule (elettrofisiologia)
* connessioni

* identificazione dei punti di partenza e di arrivo (tract tracing)



tract tracing
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tract tracing
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- non ricostruibili con la sola microscopia |




la caratterizzazione istologica/ elettrofisiologica
delle aree e la identificazione delle principali

connessioni lunghe ha consentito di ricostruire
I’organizzazione di interi sistemi funzionali
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Figure 4. Hiensichy of visual ansss. Thus higsarchy shows 32 visual cortical areas. shaded actording 1o the same scheme as in Figure 2, 2 S
ganglion cell layer and the LON|. plus several nurwisual areas sres b ol somalosensoiy coite, pefichingl area 36, the ER. and the hippod

connecied by 187 linkages, most of which have been demonswated 1o be reciprocal pathways.
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modelli animall cervello umano

+ aree corticali (e nuclei sottocorticali) = gl - Imaging :
~ strutturale e

funzionale

* architettura (istologia,
immunoistochimica)

“ proprieta funzionali delle cellule
(elettrofisiologia)

* connessioni

* identificazione dei punti di partenza * | l

e di arrivo (tract tracing) | :
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variabilita tra individul
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Area 9 Area 46

Ragkowska and Goldman-Rakic 1995

i



vidu

variabilita tra ind

P

m.. \ .
. N \ ¢ "
& A .?\\ \\ \\\
> % (i, "N 1)
W\ b:zz::z::_:E %, ,\\E_;m: Lt

Tt \\\@w Zyi

W

<
i
3

N N

-,

canteeed

..........

» \’\\\i\

™

o
o<:>°o\

RIIEREE e,
[ N

e o (5"
o 0 o
O 0D 0
oo
o
o 0
o 0

- 7/
OOOO

o O
ofele}

°

L]

. W O AN W A S
® L J kY AR A N i e A A
® Y Ao B SR NAp S .
v

nh o i i W e v

2.5.. ..;.E\\\
.,\,2. 5: _4?232.? J \ .\...;S. : \\\\ L\\b /) ‘

\ . ~
h& ,.,:i. ﬁ:—.i:& 135 N _zw I

o LSS 11T N .
///4 \ L ..3 B 2 A S \\
../f/ /// AQA \\\ / /r/r.///ff.. CaNNs = A ..:, \\\

f N\
y \ A«m.‘ w. ! “22d .~ s, \\ s%
\ / / ~\\ F ./;?('l' " . \ | «r\«\ . 4
N // t ﬁmf“ﬁ/ //./f»..s : : z.%.)_

A

~

VUM

A\

o o, . B o S—~—
<7 p © On% e o S0
7% Jo 0 O e o o
5 0 0fCo 08 W T e e O e
~00 ° .OO@\“’ e ® oo e wts B T o S
o s o M P
050 9" o0 %, ¢ A e s R
R4 0 0 ¥ o 8 @ & N e e, s Jot
o O ¢ momay, O T @ N 1 L e e
o * .:tsz. e




UBLIM

e —
p ——
e —

......

.
"""""

~e

FRANZ JOSEPH GALL
SYMBOLICAY. HEAD

ILLUSTRATING THE

NATURAL LANGUAGE OF THE
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una neofrenologia?

calculation

working memory task
processing incorrect arithmetic |
equations |
maternal love

reading aloud Irregular words
meditative state

finger opposition task
visual-spatial orienting
language comprehension
embarrassment

verb comprehension

evaluation of unpleasant,
arousing words

attention I
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The HCP’s multi-modal cortical parcellation (HCP_MMP1.0)

Visual

~ Auditory
Visual R

o~

~

Task negative | —
as

v'v negative

Glasser et
al, 2016




le aree frontali “piu famose”

Catani 2019



di stimolazione

elettrica piu bassa per evocare una
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homunculus
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* 4a: anteriore, piu ampia

+ 4b: nascosta nel solco
Penfield & Rasmussen




Area 6

Il resto del giro precentrale e la porzione
posteriore dei giri frontali superiore e medio

Catani 2019



Area 6

I resto del giro precentrale e |
la porzione posteriore dei giri
frontall superiore e medio

iIncluso Il campo oculare frontale (FEF)

* supplementary motor area
(SMA)

* pre-supplementary motor area
(pre-SMA)




anteriormente all area 6: e
corteccia prefrontale §
. t,§¥'~

+ mediale
+ dorsolaterale
+ ventrolaterale

* polare



area 8, 9, 46

* corteccia prefrontale dorsolaterale o

* lesioni — problemi di
memoria e di controllo o |

esecutivo



area 44, 45, 47

“ corteccia prefrontale ventrolaterale o P o

+ lesioni — afasia di Broca,
altre sindromi motorie o /



area 10, 11

* corteccia polare e orbitofrontale

“ lesioni — disturbi del
comportamento: abulia, o “
reversal learning impairment,
disinibizione, labilita
emozionale, ecc.



connettivita nel cervello umano:
trattografia



Commissural | Projection

. Genu . Rostral body . Posterior midbody . Fronto-striatal (putamen) . Fronto-striatal (caudate)
A  Rostrum Anterior midbody B . Corticofugal pathways Fronto-thalamic projections



Interlobar association ' Intralobar association

B Superior longitudinal fasciculus (SLF 1) [ Uncinate Fronto-orbitopolar tract il Frontal paracingulate tract
. Superior longitudinal fasciculus (SLF I) . IFOF . Frontal aslant tract . Frontal superior longitudinal tract
_ Arcuate (anterior segment)/(SLF II1) Cingulum . Frontal inferior longitudinal tract

. Arcuate (long segment) B



Short U-shaped fibers

" Perirolandic U-fibers Precentral sulcus U-fibers

. Fronto-insular tracts . Inferior frontal sulcus U-fibers

2 Fronto-marginal tract | Superior frontal sulcus U-fibers



Dorsolateral
premotor Motor cortex

Dorsolateral
prefrontal

Frontal pole ;
(lateral)

N\ Ventrolateral
\. remotor

Lateral orbitofrontal

cortex s 4



Dorsomedial
Motor cortex premotor

Dorsomedial
prefrontal

Frontal pole
(medial)

Ventromedial
prefrontal



connectivity-based
frontal regions

Thiebaut de Schotten et al, 2017

CBRO [ H
CBR10 [

cBr11
cBr12 I—







