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Introduction

Korbinian Brodmann30 became a milestone for modern neu-
roscience with the publication of his monograph in 1909. The
path toward the finding of cerebral cortical functions was
initiated there. With technological advancement, the neuro-
imaging techniques currently available have transformed the
knowledge about the human brain. Positron emission tomog-
raphy (PET), functional nuclear magnetic resonance (fNMR),

electroencephalography (EEG), electrocorticography (ECoG),
magnetoencephalography (MEG), and, more recently, optical
infrared spectroscopy (OIRS) have been opening the field for
the discovery of cerebral cortical functions, enabling a greater
understanding of brain diseases, and increasing, as never
before, neurophysiological knowledge. Associated with mac-
roscopic knowledge provided by neuroimaging, microscopic
knowledge has also made contributions: optogenetics and
molecular biology are fundamental tools to understand brain
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Abstract In 1909, Korbinian Brodmann described 52 functional brain areas, 43 of them found in
the human brain. More than a century later, his devoted functional map was
incremented by Glasser et al in 2016, using functional nuclear magnetic resonance
imaging techniques to propose the existence of 180 functional areas in each
hemisphere, based on their cortical thickness, degree of myelination (cortical myelin
content), neuronal interconnection, topographic organization, multitask answers, and
assessment in their resting state. This opens a huge possibility, through functional
neuroanatomy, to understand a little more about normal brain function and its
functional impairment in the presence of a disease.
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Resumo Em 1909, Korbinian Brodmann descreveu 52 áreas funcionais cerebrais, sendo 43 delas
encontradas no cérebro humano. Seu consagrado mapa funcional foi incrementado
por Glasser et al em 2016, utilizando técnicas de ressonância nuclear magnética
funcional para propor a existência de 180 áreas funcionais em cada hemisfério,
baseadas em sua espessura cortical, grau de mielinização, interconexão neuronal,
organização topográfica, respostas a multitarefas ,e avaliação no seu estado de
repouso. Abre-se uma enorme possibilidade, por meio da neuroanatomia funcional,
de se entender um pouco mais sobre o funcionamento cerebral normal e do seu
comprometimento funcional na presença de uma doença.
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functioning. Peng et al6 published several studies confirming
the functional division proposed through the gene signature
present in each anatomical region to be plausible. More than a
century after the publication of Brodmann, Glasser et al
published, in 20162, a new functional cortical map. Based on
several fNMR studies present in the Human Connectome
Project (HCP) databases, the degrees of cortical myelinization
and cortical thickness were observed byMRI imagesweighted
in high resolutions T1 and T2, while the cortical function was
checkedbybloodoxygen level dependent (BOLD) fNMRduring
multitask tests. The connectivity and topography were also
evaluated by fNMR in the cerebral rest states. Glasser et al2–4

described 180 functional areas present in each cerebral hemi-
sphere, promising to add to the original Brodmann30 map the
information currently available. No technology alonewill offer
the answers that theneuroscientific community seeks, but the
various methods used together, associatedwith those already
established, such as the functional map of Brodmann,30 will
provide this functional understanding of the brain.1–6

Objective

Theauthorspresent the resultof several studiesdemonstrating
the current knowledge about cerebral cortical functions and
correlate the current knowledge obtained through functional
neuroimages with those recommended by Korbinian Brod-
mann30 more than a century ago.

Materials and Methods

A quantitative and descriptive research through a narra-
tive review of the literature was conducted in the Latin
American and Caribbean Health Sciences Literature (LILACS,
in Portuguese) and the National Library of Medicine
(PubMed) databases in August 2016, using the following
descriptors: Brodmann areas; brain cortical areas; intelli-
gence circuitry; brain functions; new brain areas; and learn-
ing brain circuitry.

The present study has the following guiding question:
what dowe currently know about cerebral cortical functions
that is still related to those proposed by Brodmann in 1909?
The inclusion criteria were: updated publications from 2001
to 2016, with rare exceptions, written in Portuguese, Spanish
and English, with online access to the full text. Duplicate
articles were excluded. For the analysis of the articles
included in this review, the following aspects were observed:
year of publication, type of periodical, place where the study
was conducted, methodology used, and main results.

Development

Historical aspects of the functional cortical mapping. In
1909, Korbinian Brodmann,30 a German physician, published
a monograph with the experiments he performed in the
laboratories of Oskar and Cécilie Vogt in Berlin. Influenced by
the ideas of phrenologists Gall and Spurzheim, Brodmann
integrated the cytoarchitecture found by Vogt et al and the
functional information published by Wernicke and Broca.

Through the observations that Brodmann30 found in the gray
matter of the brain, considering the presentation of the
number of cell layers, cellular morphology, distribution of
dendritic connections and neuronal types, the cortical areas
were divided into numbers, a division that is still used today
in modern neuroscience. Brodmann used animal models to
create a numerical homology corresponding to the cortical
areas; he found 43 functional areas (11 regions) attributed to
the human cerebral cortex, and, in other primates, 52 areas
are described. The areas are numbered between 1 and 52,
with no homology between areas 12 and 16 and 48 and 51,
which are present in monkeys. Moreover, in his classic
monograph, Brodmann30 points out that the cellular
polymorphism and the connective network in the human
cerebral cortex have much higher complexity when com-
paredwith those of other primates (►Fig. 1). Finally, in 1909,
Brodmann published his monograph,30 in which only 36 of
the 324 pages are devoted to the cortical functional reports
found in thehuman brain. However, 5 years later, Brodmann8

published an extensive study describing the functional
cytoarchitectural areas of thebrainwith electrophysiological
correlations observed in animals undergoing brain inju-
ries.7,8 Neuroscience has advanced considerably in the last
century after its publication. Great discoveries in thefields of
clinical neurology, neurosurgery and psychiatry were based
on the functional map described by Brodmann. In addition,
Vogt et al used studies with myelination patterns to subdi-
vide the Brodmann areas into subareas, highlighting intra-
cortical regional fibers, thus creating a combination of
Brodmann’s cytoarchitectural areas with their functional
myeloarchitectonic maps. In 1925, Von Economo and Koski-
nas published a detailed cytoarchitectural description of the
cortical areas, adding to it information not mentioned by
Brodmann. Subsequent maps, including those of the Russian
School (1949), only pay tribute to the concepts of Brodmann,
changing the extensions of the previously described areas.
Lashley and Clark highlighted that, despite the efforts by
Brodmann8,30 and Vogt, their works are difficult to repro-
duce due to the great individual variability of cortical struc-
tures, which is even more pronounced when other animal
species are considered.7

Applied Neurotechnology. In the 1980s, once again the
conceptsofBrodmanngainedprominence in theneurosciences.
With the introduction of fNMR techniques, it became possible
to observe a living brain in full neurophysiological activity.
Throughseveralstudyprotocols, thevarious tasksdemandedby
neurons were verified by resonance images, offering the possi-
bility of a real functional cortical mapping. Brodmann’s func-
tional maps were quickly recreated three-dimensionally
through software, with new conceptions of extremely precise
and individualized stereotaxic maps. The intrasulcal regions,
which are responsible for two thirds of the total cortical surface,
andwere not considered by Brodmann, were remapped, giving
rise to several stereotactic atlases currently used (such as the
Atlas of Talairach and Tournoux, for example). In the 21st
century, technological tools offer multimodal maps, not only
regarding cytoarchitectural information, but correlating it with
cerebral neurocircuitry, molecular organization, genetics and
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individual functional aspects. The NMR by diffusion tensor
imaging (DTI) reveals the correlated subcortical structures,
emphasizing neurocircuitry with the visualization of thewhite
fibers that interconnect multiple cortical and subcortical
centers.9–11

Brodmann’s functional areas – classic concepts updated
by fNMR.Out of the 43 functional areas (BA [BrodmannArea])
Brodmanndescribed inhis cytoarchitectural study,8 somehave
greater clinical relevance (►Fig. 1). AB3a/b,1,2 (primary sen-
sory areas): located in the postcentral gyrus, therefore, poste-
rior to the central groove, in the territory of the parietal lobe,
they receive afferences from the thalamus, with primary
sensory information. They receive nociceptive, thermal infor-
mation from the protopathic (coarse) touch, the epicritic touch
(fine), vibration, andconsciousproprioception.Neurons inarea
3areceive input signals fromneuromuscularspindlesandother
deep receptors. Neurons present in area 3b receive signs of
specificclassesof touchreceptors in theskin.Neurons inareas1
and 2 receive convergent input signals from multiple types of
somatosensory receptors that innervate the same parts of the
body. The clinical significance of the lesions present in the
postcentral gyrus may correspond to paresthesia, anesthesia,
hypoesthesia (thermal, tactileorpainful).12,13The involvement
of secondary and tertiary areas of sensitivity corresponding to
AB 5 and 7 (upper parietal lobe), area 5 neurons are active
mainly in the active movements of the hand and in the
modalities of integrated sensitivity (protopathic and epicritic),
and its lesions can be clinically studiedwith: apraxia (ideomo-
tor, ideational, constructive and dressing apraxia), dysgraphia,
hemineglect, graphesthesia, stereognosis and spatial disorien-
tation. Anatomically, the intraparietal sulcus divides the inferi-

or upper parietal lobe, creating a band around the intraparietal
sulcus called the V2 area, which, along with the AB3a area,
receives information from the vestibular system, with impor-
tant control of body balance. AB4 (primary motor area):
located in the precentral gyrus, anterior to the central groove,
it has the pyramidal cells of Betz, thus originating the cortico-
spinal and corticonuclear tracts, which are responsible for the
initiation of the voluntary motor act. A lesion in this structure
will be represented by paresis, and rarely plegia due to the
complementation of the motor act by secondary pathways,
which are also called extrapyramidal. The motor area of the
speech, named by Brodmann as AB44 (also called the Broca
area) is very close to the precentralgyrus, being responsible for
the speech motor act (voluntary). The premotor cortex and
supplementary motor area are immediately anterior to the
precentral gyrus, in the frontal lobe, and correspond to the
AB6aα and AB6aβ areas respectively. These areas work in
combinationwith the precentral gyrus inmotor programming.
Recent studies onneuroimaging reveal that the supplementary
motor area is responsible for motor memory, that is, it stores
information about motor acts already learned, while the
premotor area uses its cells to learn new motor schemes.
Lesions in these structures are related to ideomotor apraxia,
loss of motor sequence of movements, including walking and
the harmonious sequence of movement. If the lesion is large
enough to involve the Broca area, motor aphasia or motor
transcortical aphasiamay be perceived. The control area of the
contralateralconjugatedgaze(horizontalbalconymovements),
or AB8, is located anteriorly to AB6. The lesions in this area
classically course with deviation from the conjugated gaze to
the side of the lesion (déviation conjuguée); however, in

Fig. 1 Traditional functional areas described in 1909 by Korbinian Brodmann, 43 in the human species, 8 with functional characterizations
implemented with neuroimaging exams. The black dotted line represents the primary motor cortex or AB4, and the white dotted line, the pre-
motor and supplementary motor areas, which together are called AB6.
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addition to this function, the neuroimaging revealed that this
region also participates in executive functions (planning, rea-
soning, learning engine and behavior), language and working
memory. Some authors report that lesions in this area may be
related to mutism and/or difficulty to initiate speech. The
prefrontal area, which is uniformly related to the control of
behavior, is located more anteriorly to AB8. AB9 and 10 are
called the dorsolateral prefrontal cortex. They occupy
the largest portion of the middle frontal gyrus, which is
responsible for working memory, that is, for intellectual func-
tions, memory, focus, decision-making and attention. The
lesions in these structures will heal with dysexecutive
syndromes, causing difficulty in reasoning, concentration,
decision-making and abstract thinking. The mechanisms of
consolidation of memories, as well as the processes of volun-
tary forgetfulness, depend on the functioning of this region,
which is compromised in the presence of injuries. The medial
portions of these regions (AB9 and 10) correspond to the
ventromedial prefrontal cortex, which is related to the emo-
tional aspects of the aforementioned executive functions,
including meditation, judgment, reward circuit and benefit
versus disadvantage in decision-making or choice. Still in the
prefrontal cortex, there is a third anatomo-functional subdivi-
sion called AB11,12, or orbitofrontal cortex. This region is
associated with attention, focus, hyperactivity and behavior
(impulsiveness). Injuries in this region are related to loss of
social censorship, hypersexuality, impairment in social inter-
action, drug abuse and obsessive-compulsive behavior. The
occipital lobe holds the circuits related to vision, consisting
of several areas: AB17 or V1, which is considered the primary
visual cortex; the upper visual field is projected beneath the
calcarine groove, while the inferior visual field is projected
abovethecalcarinesulcusof theoccipital lobe.The lesions inV1
regions course with homonymous hemianopsia, heterono-
mous hemianopsia, quadrantanopsia, scotomas, complete
blindness or bilateral amaurosis. AB17 identifies information
corresponding to luminosity, shape, color, pattern, and move-
ment of objects. However, AB18 or V2, which is classified as
the secondaryorprestriatedvisual cortex, is responsible for the
first visual associative information. The V2 area processes
complex information about the shape and contour of objects,
and the layer of neurons present in V2 is responsible for the
visual memory and its long-term consolidation, in addition to
recognizingobjects. Theclinical expressionof lesions inV2may
course with visual agnosia, achromatopsia, prosopagnosia and
topographic agnosia. Lesions in V2 on the left classically course
with alexia. It is noteworthy that studies with fNMR show that
the V2 area often works with AB19 and 37. Finally, AB19
(associative visual cortex, which is also part of the Wernicke
area), or areasV3 andV5 (dorsal), shares the same functions as
AB18; However, some functions such as precise spatial loca-
tion, and telling the individualwhere the visualized object is in
space, belong exclusively to AB19. Still belonging to AB19, the
V4 area (ventral) corresponds to the interpretation of the
meaning of the object, telling the individual what is being
seen. With functional neuroimaging techniques, there are
more and more retinotoxic areas subdividing AB19, but it is
not the purpose of the present article to highlight them. Some

psychiatric syndromes are manifested by alterations in these
regions, such as Capgras syndrome and Fregoli syndrome.14–16

Present in the lower temporal gyrus, in lateral view, AB20 is
responsible for functions related to the recognition of objects
and, consequently, is part of thememorymechanisms. Studies
with fNMRrecently revealed thatAB20 ispartof the complexof
regions related to language comprehension, being also part of
the Wernicke area. AB20 relates to lexical and semantic proc-
essing, understanding of metaphors, and production and
interpretation of language. In parallel, also in this region, there
isparticipationofvisualprocessing, including theperceptionof
objects ina scenario.Due to theproximityof the structures that
compose the limbic system, this region seems to have the
ability to interpret the intentions of others (and is possibly
correlated to systems of mirror neurons). Above AB20, in the
meantemporalgyrus, isAB21,whosefunction isstilluncertain,
but it seems involve the ability to recognize faces (known
physiognomy), to understand the meaning of words during
reading, and to estimate distances. Along with AB22, AB21
assists in the sound comprehension of melodies. An integral
part of the areaof languageorareaofWernicke,AB22 is located
in the upper temporal gyrus, circling primary auditory area 41
andassociative auditoryarea42, insinuating into the interior of
theparietal lobe,marking its limitwithWernickearea29. Some
authors subdivide AB22 into 22A and 22B, and the latter, when
injured, is associated with Wernicke aphasia or expression,
when the interpretive capacity is severely impaired, without
speech involvement. AB41 and 42, which are located in the
upper temporal gyrus, are considered primary and associative
auditory areas respectively. This region has a tonotopic map,
with sound intensity (acute-severe) recognition. The lesions in
the transverse temporal gyrus of Heschl (primary auditory
area), bilaterally, are bilateral cortical deafness. Possibly, in this
transverse temporal gyrus, there is a circuit of mirror neurons,
which may be activated when the individual visualizes the
orofacial gestures related to pronunciation.17,18

AB37, a region of discontinuity of the middle and inferior
temporal gyrus, is located in the transition between the
temporal and occipital lobes. Currently, there is a relative
consensus on its functionality: colorful visual information;
naming (with involvement of the memory circuits); and
facial, numerical and lexicon recognition. Lesions in AB37
may course clinically with semantic paraphasia and
difficulty in finding words during a conversation, anomy,
prosopagnosia and visuo-constructive apraxia.19 AB38 is in
the anterior pole of the temporal lobe, and is related to
complex emotional responses. In Alzheimer disease, this will
be one of the first areas involved, usually presenting with
epileptic seizures of the temporal lobe. Studies with fNMR
revealed that this area participates in several neurocircuits,
including: working memory, phonognosia (recognition of
familiar sounds, aversive and pleasurable response to
sounds), language processing, and executive and emotional
functions. The olfactory pathways, unlike other sensory
modalities, do not have a specific location in the cerebral
cortex; several areas receive their afferences: the hypothala-
mus, the thalamus, the amygdaloidal complex, the prefrontal
area, and AB34 (temporal lobe uncus).
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Lesions in AB34 are related to epileptic seizures of the
temporal lobe that course with cacosmy.20,21 Anatomically,
the parietal lobe is subdivided into the upper and lower
parietal lobes, and the lower is formed by the angular gyrus
and supramarginal gyrus. The angular rotation corresponds
to AB39, that is, part of the Wernicke area, which is respon-
sible for the concepts of quantification, and spatial orienta-
tion, that is, for mathematics. The lesions in this region of the
left hemisphere develop with Gerstmann syndrome (digital
agnosia, temporospatial disorientation, dysgraphia and de-
velopmental dyscalculia), a semantic aphasia. The angular
rotation region has a great associative capacity: auditory,
spatial and visual information, beingone of the last regions to
mature. Arithmetic, somatognosia and language (reading)
skills are attributed to the angular gyrus. In particular, the
angular rotation of the right hemisphere correlates with
visuo-spatial processing, and its lesions are associated with
heminegligence. In parallel, studies with fNMR showed that
this region also acts in verbal creative processing. Laterally to
the angular gyrus, composing the inferior parietal lobe, there
is the supramarginal gyrus, or AB40, another Wernicke area
component. This region has great activity in complex verbal
processing, creativity and semantic processing. Clinically,
lesions in this region may result in Wernicke aphasia or
sensory transcortical aphasia. In the right hemisphere, the
supramarginal gyrus region correlates with self-reflec-
tion.22,23 Still in the parietal lobe, but in the uttermost lateral
portion of the postcentral gyrus, isAB43, which is considered
the primary gustatory cortex. Lesions in this area still have an
uncertain character and may course with dysgeusia or ageu-
sia. The motor area of the speech, or Broca area, classified by
Brodmann as AB44, is in the inferior frontal gyrus, in its pars
opercularis and triangularis. Neuroimaging revealed that, in
individuals diagnosed with autistic spectrum disorder,
includingAsperger syndrome, there is a significant reduction
in graymatter in AB44. Some authors consider the Broca area
as the association between AB44 and AB45. According to
recent studies, the anterior insula should be included in the
so-called Broca area due to its involvement in speech motor
planning (phonological and semantic fluency). Clinically,
lesions in these regions are called motor aphasia (or Broca
aphasia), and its variant, transcortical motor aphasia. The
working memory uses this region intensely in the produc-
tion and search for the correct words to be used according to
each occasion. It is also worth noting that the Broca area is
responsible for speech itself in the left hemisphere, giving
this hemisphere its dominant characteristic. Intonation,
melody and prosody correlate to the functions of the Broca
area of the non-dominant hemisphere, which, in general, is
the right hemisphere. Still with motor characteristics, the
system of mirror neurons seems present in this region by
internally mimicking a movement only visualized and pre-
viously learned. In the most anterior portion of the frontal
lobe, AB9 and 46 represent the dorsolateral prefrontal (DLPF)
cortex. However, fNMMR exams reveal that this region
corresponds to AB9, 10, 11, 12, 45, 46 and to the upper
portion of AB47.24,25 These areas are related to the integra-
tion between somatosensory information and motor plan-

ning and response, including associated intellectual
functions. The DLPF cortex represents working memory
itself, and practically all intellectual functions that require
cortical and subcortical participation use the DLPF. AB32,
which is located in the prefrontal cortex, receives several
fascicles (not only the arched fascicle, but also the longitudi-
nal and uncinated fascicles) of theWernicke area, possessing
special importance in the intelligence circuit when choosing
one of the various hypotheses of possible answers to a
problem, thus forwarding its final information to the Broca
area. Clinically, the lesions in the DLPF cortex result in
executive dysfunctions and impairment of affection, social
judgment, executive memory and abstract thinking. The
lower and central portions of AB47 are related to semantic
and phonological processing, besides assisting in decision-
making (cost versus benefit). In►Table 1, the cerebral cortex
is separated by lobes (frontal, parietal, temporal, occipital
and limbic lobes), highlighting their main functions and
clinical syndromes correlated with the corresponding AB,
as well as their treatment.14,22–24,26–33

The Fick principle and cerebral metabolism: fMNR.
Adolf Eugen Fick developed a technique to measure the
cardiac output by establishing a physical law with which it
becomes possible to measure the metabolic rate of an organ
from the clearance of a serummarker. Seymour Kety and Carl
F. Schmidt adapted the Fick principle to study cerebral
metabolism. In 1990, Seiji Ogawa and David Tank presented
the fNMR technique using the BOLD method to estimate
cerebral metabolism through the brain’s oxygen consump-
tion from arterial blood. The fNMR detects changes in the
content of deoxyhemoglobin within a unit of volume in the
encephalon. Applying the Fick law, the concentration of
deoxyhemoglobin is proportional to the cerebral metabolic
rate for oxygen divided by the cerebral blood flow. It is, thus,
through energetic metabolism that fNMR can reveal the
cerebral metabolic rate in the various areas during a task.
The fNMR, therefore, is not able to reveal the activity of a
neuron, but reflects the metabolism of that cerebral region.
The fNMR differs from PET, since, in the latter, there is a need
for the administration of radionucleotides in the blood-
stream that emit positrons (positive loads of a particle),
behaving like the deoxyhemoglobin used by the fNMR.
However, here, there are gamma wave emissions. Despite
the great advances in neuroscience with the fNMR, there are
limitations. There are four variables that correlate with brain
metabolism: 1) glucose uptake; 2) cerebral blood flow; 3)
cerebral blood volume; and 4) deoxyhemoglobin content,
the latter being the basis of the BOLD technique. The content
of deoxyhemoglobin cannot be measured in absolute terms,
resulting from the correlation between cerebral blood flow,
cerebral blood volume and the basal metabolism of the
cortical region (or resting state). It is clear, therefore, that
different cortical regions, with different metabolisms in
resting states, will present different BOLD values, which
may originate false functional interpretations. Another lim-
iting factor is the use of BOLD fNMR techniques in patients
with vasculopathies: neuroimaging alterations may be more
correlated to perfusion deficit than to neuronal (functional)
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Table 1 Correlation of anatomo-clinical findings with Brodmann’s areas, separated by lobes, with identification of their
corresponding tracts

FRONTAL LOBE

Clinical manifestation Brodmann’s areas Correlated tracts

1. Motor syndrome

Hemiparesia, hemiplegia 4,6 Corticospinal tract

Apraxia 6,8 ULF

Abnormality of conjugated gaze 8, 9, 46 MLF and cingulate

2. Cognitive syndrome

Memory, abstract thinking and behavior
inhibition deficits

8, 9, 47 ULF, uncinate and frontostriatal (internal
capsule)

Dysexecutive symptoms
(learning, planning, focus)

6, 8, 9 Frontostriatal (internal capsule)

Aprosodia/Motor afasia (Broca) 6, 44, 45 Arched fascicle

Heminegligence 6 ULF

Ideomotor apraxia 6, 8 ULF, corpus callosum

3. Abulia

Loss of interest 10, 11, 24, 32, 33 Subcallous cingulate

Mutism and akinesia 6, 8, 9, 24, 32 Dorsal cingulate and ULF

Lack of concentration and loss of motivation 8, 9, 10, 24, 32, 33 Anterior cingulate and inner capsule

4. Behavioral syndrome

Personality alterations, emotional lability, social
disinhibition, hypersexuality, motor imitation,
primitive reflexes (grasp/hold), impulsiveness

10, 11, 47 Uncinate, frontostriatal (internal capsule) e
LFOF

Dysphemia 6, 44, 45 Anterior thalamic projection

PARIETAL LOBE

Clinical manifestation Brodmann’s areas Correlated tracts

1. Somatosensory and tactile syndrome

Disestesia, hipoestesia, hyperestesia, alodinia 3a, 3b, 1, 2 Inner capsule (superior thalamic projection)

Hallucination and tactile perseveration 3a, 3b, 1, 2, 5, 40 Inner capsule (superior thalamic projection)

Stereognosis, agrafoestesia, extinction 5, 7, 40 ULF, inner capsule (superior thalamic
projection)

2. Motor syndrome

Ataxia 5, 7, 19 ULF, cingulate

Apraxia (ideomotor, ideational, constructive) 5, 7, 39, 40 ULF and arched, corpus callosum trunk

Oculomotor apraxia 5, 7 ULF

3. Language syndromes

Dyscalculia, alexia, agraphia, conduction
aphasia, impairment of verbal memory, anomia,
dyslexia, Gerstmann syndrome

39, 40 Arched fascicle

4. Complex visual syndromes

Unreality sensation, out-of-body experiences 39, 19 Thalamic projection and arched volume

OCCIPITAL LOBE

Clinical manifestation Brodmann’s areas Correlated tracts

1. Simple visual syndromes

Scotomas, phosphonae, quadrantanopsia,
hemianopsia, blindness

17 (V1 area) Optical radiation
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deficit itself. The inhibitory synapses also heal with higher
metabolic demand, increasing the BOLD signal with the
inhibitory character of that cortical region. And, finally, the
experiments with the BOLD technique used in the same
individual are irreproducible with time, since, with learning,
neurons naturally consume less energy to perform the same
function due to their neuroplasticity.1,32,34–36

New proposed subdivisions. After Brodmann’s publica-
tion in 1909,30 a new cortical functional map is published for

the first time (►Fig. 2). Since Brodmann, neuroscientists try
to subdivide the cortical and subcortical areas to update
them with the new knowledge obtained by neuroimages.
Subareas differ microstructurally, presenting a functional
specialization, forming a real connection network, which
has been identified, at least partially, nowadays. Glasser
et al2–5 published, in 2016, the most recent cortical subdivi-
sion since 1909. According to the authors, each hemisphere
has � 50 to 200 functional areas, based on its topography,

Table 1 (Continued)

FRONTAL LOBE

Clinical manifestation Brodmann’s areas Correlated tracts

2. Dorsal visual syndromes

Acinetopsia, visual hallucination of motion,
Alloesthesia

19 (V3 area) ULF

3. Ventral visual syndromes

Achromatopsia, visual agnosia, alexia, visual
hallucination, prosopagnosia, visual amnesia,
Capgras syndrome, Fregoli syndrome

18 (V2 area), 19, 37 LLV, lower fronto-occipital fascicle

TEMPORAL LOBE

Clinical manifestation Brodmann’s areas Correlated tracts

1. Hearing circuit

Cortical deafness, dysacusis 41 Acoustic radiation

2. Language syndromes

Wernicke aphasia, transcortical sensory aphasia,
conduction aphasia, anomia

42, 22, 37

3. Behavioral syndromes and memory

Semantic dementia 20, 21, 38 Uncinated fascicle and LLV

Reduction of verbal fluency 38 Uncinated fascicle

LIMBIC LOBE

Clinical manifestation Brodmann’s areas Correlated tracts

1. Hypothalamic-hippocampal syndrome

Anterograde and retrograde amnesia 28 Fornix and mammillothalamic tract

Alzheimee (early stage) 23, 26, 28, 29, 30, 35 Fornix and posterior cingulate

Korsakoff Mammillothalamic tract

Topographic disorientation 26, 29, 30, 35 Cingulate, LLV

2. Amygdalo-orbitofrontal syndrome

Klüver-Bucy syndrome (apathy, hyperorality,
perversion of appetite, visual agnosia,
hypersexuality)

28, 34, 36, 38 Uncinate, LLV

Personality changes 11, 32, 33, 34 Uncinate e cingulate

3. Paralimbic syndromes

Indifference to pain 24, 32, 33 Anterior cingulate and thalamic projection

Hyposmia (common in Parkinson and
Alzheimer), hyperosmia

12, 25, 32 Cingulate

Apathy 24, 32, 33 Anterior cingulate

Depression, irritability 24, 25, 32, 33 Subcallosum cingulate

Semantic dementia 36, 38 Uncinate, LLV

Abbreviations: LFOF, lower fronto-occipital fascicle; LLV, lower longitudinal volume; MLF, medial longitudinal fascicle; ULF, upper longitudinal fascicle.
Note: modified from Catani et al, 2012.33
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interconnection, cytoarchitecture and function. Using the
fNMR data from the Human Connectome Project (HCP)
database, the degree of cortical myelinization and cortical
thickness were observed by T1- and T2-weighted MRI
images, while cortical function was verified by BOLD fNMR
during multitasking testing. The connectivity and topogra-
phy were also evaluated by fNMR in the cerebral resting
states. Glasser et al2–5 described 180 functional areas present
in each cerebral hemisphere, all confirmed by the method-
ology adopted by the authors. Of the 180 areas, 83 were
named according to their function previously described by
numerous neuroanatomical scientific studies that used in-
vasive methods, others were simply subdivided (such as BA
31, BA 31a [Anterior Brodmann Area 31], 31PD [Poster-
odorsal BA 31], 31PV [Posteroventral BA 31], for example),
and some areas received new names. The similarity between
the functional areas of both hemispheres is impressive. The
data published by Glasser et al2 have important clinical
implications for neurosurgical interventions. Through non-
invasive methods of neuroimaging, these professionals can
obtain extremely detailed functional maps of their patients,
thus reducing surgical morbidity. Compared with inferior
animals, the human cerebral cortex becomes much more
complex because of the cognitive functions present in the
dorsolateral, temporal and parietal prefrontal regions.

The authors subdivided the 180 areas into 22 functional
regions. The first group consists of five regions involved with
visual function (essentially, the occipital lobe): 1) the primary
visual cortex (including area V1 [AB17]); 2) the visual cortex

(areas V2 and V3 [AB18 and 19, and also the AB19 subdivided
intohOC3v [ventral thirdvisual area -V3], hOC3d [dorsal third
visual área - V3], hOC4v [ventral fourth visual area], hOC4d
[dorsal fourth visual area], hOC4lp [lateroposterior fourth
visual area - V4], hOC4la [lateroanterior fourth visual area -
V4], hOC5v [ventralfifthvisual area], hOC5d [dorsalfifthvisual
area]); 3) the dorsal visual (V3A, V3B, V6, V6A, V7 and IPS1
[Intraparietal sulcus area 1]), responsible for the spatial loca-
tion of the visualized object; 4) the ventral visual (V8, the
ventral visual complex [VVC], the PIT (Posterior Inferotempo-
ral) complex, the fusiform facial complex [FFC], the ventrome-
dial visual area [VMV1, 2 and 3]), which is responsible for
recognition of visualized objects and facial recognition; 5) and
the MT (Middle Temporal Area) complex and neighboring
areas, which are formed by the side of the occipital lobe and
the posterior temporal cortex, which are cell groups that
perceive moving images, adjusting the conjugated movement
of the gaze via the intraparietal sulcus and AB8.2–5,37

The second group consists of four areas with primary
sensory and motor functions; Therefore, the frontal and
parietal lobes, essentially: 6) the sensorimotor cortex (AB3a,
b, 1, 2 and 4,which are surrounded by the 6MP (Supplementar
Motor Area 6), 6d, frontal eye field [FEF], 55b and 6v areas); 7)
the rotating medial 24dd (cingulate motor cortex dorsal area
24), 24dv (cingulate motor cortex ventrodorsal area 24) gyrus
and sensorimotor paracentral lobe 6ma (Anterior motor área
6), SCEF (supplementary and cingulate eye field), 5m (motor
area 5), 5L (lateral motor area 5), 5MV (ventral motor area 5);
8) the premotor cortex (55b, 6d, 6a, 6v, 6r; AB8was subdivided

Fig. 2 New cerebral cortical functional map with 180 areas present in each hemisphere and some regional functional characteristics. The
numbers represent the 22 large regions separated by Glasser et al:2–5 (1) primary visual cortex (V1); (2) visual cortex (V2/V3); (3) dorsal visual;
(4) ventral visual; (5) MT complex; (6) sensorimotor cortex; (7) cingulate rotation and sensorimotor paracentral lobe; (8) premotor cortex; (9)
posterior opercular cortex; (10) primary auditory cortex; (11) secondary auditory cortex; (12) frontal and insular opercular cortices; (13) medial
temporal cortex; (14) lateral temporal cortex; (15) sensory area: parieto-occipitotemporal junction; (16) upper parietal; (17) inferior parietal;
(18) posterior cingulate; (19) medial anterior and pre-frontal cingulate; (20) frontal orbitopolar; (21) lower frontal; (22) dorsolateral prefrontal.
Source: Adapted from Glasser et al (2016).2–5
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into the FEFandprefrontal eyefield [PEF]); and9) theposterior
opercular cortex SII (BA 5 and BA 7).

The third group consists of three functional regions
related to hearing, essentially corresponding to the temporal
lobe: 10) the primary auditory cortex (AB41 replaced by A1
and several subdivisions: (medial belt), LBelt (lateral belt),
PBelt (posterior belt), RI (retro-insular cortex)); 11) the
secondary auditory cortex (AB42 subdivided into 8 areas);
12) the frontal and insular opercular cortices (which are
subdivided into 13 areas: area 52, the parainsular [PI] cortex,
the granular index [GI], the posterior insula [PoI1 and PoI2],
the frontal opercular area [FOP2 and FOP3], the middle
insular [MI] area, the anteroventral insular [AVI] area, the
complex of the anterior agranular insular [CAAI] area, the
piriformis [PIR] cortex, FOP4 and FOP5).

The fourthgroup consists of twoareas that complement the
functions related to the temporal lobe: 13) the medial tempo-
ral cortex (hippocampus, presubiculum, entorhinal cortex,
perientorhinal cortex, ectorhinal complexandperi-hippocam-
pal areas1,2 and3); 14)and thelateral temporal cortex (which
issubdivided intonineareas). Thefifthgroupconsists ofa large
area composed of four functional regions present in the
posterior parietal lobe: 15) the sensory area: the parieto-
occipitotemporal junction (AB39and40,which are subdivided
into 5 multimodal areas: TPOJ1 (temporo-parieto-occipital
junction 1), TPOJ2 (temporo-parieto-occipital junction 2),
TPOJ3 (temporo-parieto-occipital junction 3), the upper visual
temporal [UVT] area, and the perissilvian language [PSL] area),
formed by the tertiary associative areas or Wernicke area,
which is responsible for language; 16) the upper parietal areas
(areas around the intraparietal sulcus, AB5 and7: LIPv (ventral
lateral intraparietal area), LIPd (dorsal lateral intraparietal
area), VIP (ventral intraparietal complex), AIP (anterior intra-
parietal complex), MIP (medial intraparietal area), 7am (ante-
romedial BA 7), 7pl (posterolateral BA 7), 7al (anterolateral BA
7), 7pm (posteromedial BA 7)), which are subdivided into ten
associative areas between the visual and somatosensory func-
tions; 17) the inferior parietal area (subdivided into ten areas:
IP0 (intraparietal area 0), IP1 (intraparietal area 1), IP2 (intra-
parietal area 2), PFm (prefrontal motor complex), PF (prefron-
tal complex), PFop (opercular prefrontal area)), an area that
suffered significant expansion in the human brain when
compared with other animals, and is part of the language
area (classically, AB39 and 40); 18) the posterior cingulate
(subdivided into 14 areas), which participates in several
associative neurocircuits, highlighting the dorsal visual tran-
sitional (DVT) cortex, the extrastriated visual cortex, the
parieto-occipital sulcus (POS1 and POS2) region and the
retrosplenic complex (AB29 and 30).

The last four functional anterior areas cover the frontal
lobe: 19) the anterior and medial prefrontal cingulates
(classically described as AB32, 33 and 24, they are subdivided
into 15 areas, with emphasis on AB32, or the paralimbic
cortex, which is divided into D32 (dorsal BA 32), P32 (poste-
rior BA 32), S32 (superior BA 32), P32PR (posterior prime
segment of BA 32), A32PR (anterior prime segment of BA
32)), which are formed by a region interconnected to several
circuits, including cognitive areas, primary motor areas and

premotor areas; 20) the orbitopolar frontal cortex (which is
subdivided into 11 areas and complexes); 21) the inferior
frontal cortex (including AB44 and 45 or drill area, which is
subdivided into 44d (dorsal BA 44), 44v (ventral BA 44), 45a
(anterior BA 45), 45p (posterior BA 45), 47l (lateral BA 47));
22) the DLPF, which is formed by the largest functional
heterogeneous area present in the human neocortex; this
area has similaritieswith the inferior parietal lobe and lateral
temporal cortex, also forming one of the tertiary associative
areas. It is subdivided into 13 areas: 9A (anterior BA 9), 9P
(posterior BA 9), 46 (BA 46), i6-8 (interior transitional BA 6-
8), s6-8 (superior transitional BA 6-8) 8AD (anterodorsal BA
8), P9-46v (posterior transitional BA 9-46), A9-46v (anterior
transitional BA 9-46), 9-46d (dorsal transitional BA 9-46).
There is a remarkable interhemispheric asymmetry in the
SFL region (upper frontal language), which is larger on the
left, and is involved in the language circuit.2–5,38–40

Genetics and the fNMR. An additional step to the macro-
scopic functionalmappingwould be to add thegenepattern to
the studied areas, correlating them with their transcriptional
profiles. For that, Peng et al6 separated the cerebral cortex into
12 functional areas, determined by fNMR, and studied their
gene expression patterns, comparing them in more than two
thousand individuals. A huge similarity was found between
the gene expression of these fNMR preselected areas, showing
that the functional macroscopic division proposed was feasi-
ble. With these genetic data, it becomes possible to identify a
functional brain region only by the pattern of expression of
some genes. Additionally, the authors found several gene co-
expressions (71.4% of the genes) belonging to the 4 studied
lobes (frontal, parietal, temporal and occipital lobes), attribut-
ing to the frontal lobe the greatest presence of specific genes,
which is not found in the other lobes.6,41–44

Conclusion

Korbinian Brodmann revolutionized neuroscience by pub-
lishing, in 1909, his functional map of the human cerebral
cortex. More than creating a map, Brodmann paved the way
for the understanding of diseases, behaviors and the normal
functioning of the human brain. Based on his concepts, new
works were performed and added information, filling a huge
functional gap that was still present. Only in the decades of
1980 and 1990, when the neuroimaging exams began to
revealmore concrete data on the functioningof a living brain,
it was possible to correlate neuroanatomy with neurophysi-
ology in vivo. The technology continues to advance both in
the macroscopic and microscopic aspects, offering a unique
windowof opportunity for a cerebral remapping, or rather an
increment to the map drawn in 1909. Glasser et al2–5 pub-
lished, in 2016, the first map since 1909, presenting 180
functional areas in each cerebral hemisphere, based on
topographic regions, myelinization patterns and cortical
thickness of the different regions, BOLD fNMR techniques
with responses to multitasking in vivo and brain functioning
in their resting state, offering neuroscience a uniquemoment
of interpretation of the cerebral functions. It is worth noting
that, even with this technological arsenal, it is still very
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difficult to determine a common pattern, because each
individual is unique and has neuro-anatomo-functional par-
ticularities, leaving the neuroscientists, neurologists and
neurosurgeons to explore them in an individualized way.
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