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Summary

Art and creativity originate in the
brain and depend on normal brain func-
tioning. Music is a multifacet phenom-
enon that exists as a universal heritage
across all human societies and through-
out the entire human history. There are
numerous brain-based mechanisms
involved in the cognitive processing of
music, including music listening, per-
forming, composing, reading, writing,
as well as musical aesthetics and musical
emotion. Music relates to many brain
functions including perception, motor
action, cognition, emotion, learning
and memory. Various brain regions are
associated with music processing and
production, including the right anterior
and posterior superior temporal lobe,
the right inferior frontal cortex, the right
prefrontal, bilateral premotor and bi-
lateral parietal areas, the right anterior
cerebellar lobe, language areas and lim-
bic structures. In a diseased brain, after
acquired brain injury, disorders in music
perception or production have been de-
scribed, although considered rare. Amu-
sia or music-specific agnosia, a defective



perception of music or its components
is typically associated with temporal
lobe lesions, and is more likely to occur
with right-sided involvement. Etiology
of acquired amusia comprise many dis-
eases and conditions leading to brain
injury, including traumatic brain injury,
ischemic or hemorrhagic stroke, neo-
plasma, iatrogenic and epilepsy-related
conditions, infections and degenerative
diseases. Additionally, there are cases of
congenital amusia, attributed to abnor-
mality in neural networks for music, as-
sociated with structural variations in the
frontal and temporal lobes.

Key words: music cognition, amusia,
behavioral neurology, brain and music,
brain injury

INTRODUCTION

“Where words fail, music speaks.”

Hans Christian Andersen

Music is a multifacet phenome-
non that has been universally present
throughout human history and across
all human populationsl. Undoubted-
ly, music originates in our brain and
normal brain functioning is required
in order to perceive, analyze, enjoy and
create music. The perception and per-
formance of music is complex as it en-
tails a variety of perceptual (listening),
sensorimotor and praxic (playing an
instrument), visual (reading a musical
score), mnemonic (playing a piece from
memory), as well as affective (emotional
experience of music) processes!!l. Con-
sequently, music offers amazing insights
into complex brain organization and the
variety of its functions. Furthermore,
musical aptitude and the unique effects
of musical training are fascinating when
studying brain plasticity, documented in
extensive research in the last decades.
Positron emission tomography (PET)
and functional magnetic resonance im-
aging (fMRI) studies proved the acti-
vation of large cortical and subcortical
cerebral areas while listening to pleasur-
able music?. There is evidence that in
healthy subjects preferable music evokes
emotions linked to heightened arousal,
resulting in temporarily enhanced per-
formance in many cognitive domains,
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with improvement in declarative mem-
ory, processing speed and reasoning
skills in spatial problem solving?. Mu-
sic therapy may offer benefits to patients
with various clinical conditions in-
cluding cardiovascular diseases, cancer
pain, psychiatric disorders, traumatic
or ischemic brain injury and dementia,
although still not fully elucidated mech-

anismsP.

AUDITORY CORTEX AND ITS
CONNECTIONS

“Music is a higher revelation than all
wisdom and philosophy.”

Ludwig van Beethoven

Primary auditory cortex. Cognitive
neuroscience of music starts with basic
functions of the auditory cortex. The
primary auditory cortex (Al), which
is idiotypic, is located in the temporal
operculum, in the superior temporal
gyrus (Brodmann’s area 41 and part of
42) and is referred to as Heschl’s gyrus.
A1 receives direct point-to-point input
from the ventral division of the medial
geniculate complex (MGC) of the thal-
amus and contains a precise tonotopic
map . So the primary auditory cortex
has a topographical map of the cochlea
through the thalamus.

Inputs to auditory cortex. A major
source of input to the auditory cortex is
coming from the ventral division of the
MGC in the thalamus, often referred to

as the lemniscal pathway, transmitting
strictly auditory information. These
neurons receive most of their ascending
input from tonographically arranged
neurons in the central nucleus of the
inferior colliculus. In addition, there is
important thalamic input coming from
dorsal division of the MGC, often re-
ferred to as the paralemniscal or ex-
tralemniscal pathway. These pathways
receive nontonotopic inputs from the
inferior colliculus, exhibit less topo-
graphic organization, broader tuning,
longer and more variable response la-
tencies and tendencies to habituate to
ongoing stimuli. The third main circuit
is the medial MGC division that pro-
jects not only to auditory cortical areas
but also to nonauditory cortical areas
as well as to the amygdala. Additionally,
other subcortical structures project to
the auditory cortex, likely serving asso-
ciative, learning and sensory integration
purposes’..

Functions of the auditory cortex.
Some areas of the auditory cortex are
specialized for processing combinations
of frequencies, while others are special-
ized for processing modulations of am-
plitude or frequency. Al is involved in
most of the higher level processing that
takes place in sound processing and is
essential for recognizing when sound
starts, stops, and changes pitch. In pri-
mates, three groups of areas have been
identified in Al: the core group, that
stretches anterolateraly to posteromedi-



aly along the lateral sulcus, with tonoto-
pically organized areas, receiving most
of thalamocortical input from ventral
areas of MGC; the belt, situated medially
and laterally to the core, receiving dorsal
and medial areas of MGC inputs, and
parabelt areas, receiving scattered dorsal
and medial MGC fibers (Table 1)%.
Little is known about the interlaminar
connections in the auditory cortex al-
though they undoubtedly exist®™. Each
sound frequency is represented in a nar-
row strip along the surface of the cor-
tex, with neurons at one end respond-
ing best to low frequencies and on the
other to high frequencies, constituting
a “frequency map”. The purpose of this
frequency (tonotopic) map is unknown,
and likely reflects the fact that the co-
chlea is arranged according to sound
frequency.

Secondary auditory cortex. The pe-
ripheral, secondary cortex (Broadmann’s
areas 42, 22) is a unimodal homotypic
area that surrounds the primary cortex
and is located in the lateral portion of the
superior temporal gyrus. It is involved in
more subtle processing. There is a large
degree of individual variation in the au-
ditory cortex!®..

Wernicke’s area, important in com-
prehending speech, is just posterior to
the primary auditory cortex!”. The role of
the right temporal lobe in pitch analysis
is important for speech, since the pitch
contributes to the “tone” of the voice, the
prosody'®l. It is likely that certain charac-
teristics of musical and language input
are analyzed selectively by the two hemi-
spheres. Music ability precedes spoken
language as babies are sensitive to mel-
odies and rhythms before they are born.

Afferent auditory pathways

Auditory cortex

Efferent auditory pathways

Ascending thalamocortical
Projections from medial areas

Geniculate body

Other subcortical structures

Core, belt and parabelt

Brodmann’s areas 41, 42, 22

Descending corticothalamic
Projections to thalamus

Corticofugal projections to
Superior olivary cortex and
Cochlear nuclei

Auditory interhemispheric
projections

Projections to nonauditory
Cortex and limbic system

Table 1. Auditory cortex, afferent and efferent pathways
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The pitch-selective neurons of the
auditory cortex, located in a cortical re-
gion near the anterolateral border of the
primary auditory cortex, are able to re-
spond to pitch .. The auditory cortex is
involved in tasks such as identifying and
segregating auditory “objects” and iden-
tifying the location of a sound in space!.
It is believed that auditory cortical inter-
connections follow the parcellation cre-
ated by thalamocortical projections.

Auditory interhemispheric connec-
tions. The auditory interhemispheric
projections far outweigh the propor-
tions of similar connections in other
sensory modalities, indicating that audi-
tory cortical areas of both hemispheres
represent quite integrated processing
system.

Auditory output. Auditory cortical
areas project onto various nonauditory
frontal and parietal lobe areas, involved
in other cognitive functions. More-
over, all descending pathways appear to
be topographic in nature. Subcortical
projections are back to thalamic nu-
clei within corticothalamic projections
and also corticocollicular projections,
terminating largely in the superior oli-
vary complex and the cochlear nuclei®.
There are other mostly understudied
interconnections of the auditory cortex,
presumed to have modulatory roles of
the encoding of acoustic stimuli. Inter-
connections with the limbic system are
very important, likely responsible for
adding proper behavioural context to

acoustic perception and memories®.
Interfaces with other sensory systems
probably integrate perception of space
and object identity.

Music and the brain

“Music gives soul to the universe,
wings to the mind, flight to the imagina-
tion, and charm and gaiety to life and to
everything.”

Plato

Pitch. Analysis of brain areas and
pathways involved in cerebral pro-
cessing of music is typically presented
through analysis of particular elements
of music (Table2). Pitch is the funda-
mental element of music, related to
sound frequency, with numerous stud-
ies designating a “pitch centre” in ante-
rior auditory cortex!"”.. PET studies in-
dicate that the left core auditory cortex
is specialized for temporal processing
of the sound, while the right belt areas
are dedicated to the spectral processing
of pitch!". Excision of the right lateral
Heschl’s gyrus impairs the perception of
changes in pitch, pitch direction, inter-
val size, melodic contour, and complex
tones. Undeniably secondary audito-
ry association centres are important in
complex pitch processin!''l. It has been
suggested that the right temporal lobe
has a special function in extracting pitch
from sound, regardless of whether the
sound is speech or music.



Musicians with absolute pitch show
a greater leftward asymmetry of the
planum temporale than nonmusicians
than musicians without absolute pitch,
but due to structural reduction of the
right planum temporale!l. The right
hemisphere is more active in musicians
for detecting pitch changes in voice
feedback, and the left hemisphere is
more active during the processing of au-
ditory feedback for vocal motor control
and seems to involve specialized mech-
anisms that facilitate pitch process-
ing in the absolute pitch!"?. Musicians
without absolute pitch show greater ac-
tivity in the right inferior frontal cortex,
important for working memory used to
achieve better pitch, while musicians
with absolute pitch exhibit greater acti-
vation in the left posterior dorsolateral
frontal cortex, associated with condi-
tional associations in memory!".

Timbr. Timbre or tone colour, is the
psychoacoustic property of sound that
permits us to differentiate between two
different musical instruments playing at
the same pitch; when each instrument
of a symphony orchestra or the jazz
band plays the same note, the quality
of each sound is different, but the mu-
sician perceives each note as having the
same pitch. Activity in both auditory
cortices, with a degree of right lateral-
ization, is responsible for the timbre!'.
If the right temporal lobe is lessoned,
patients show a deficit in the discrimi-
nation of changes in timbre, compared

to left-side lesions or intact brain.

Rhythm. Rhythm depends on ac-
tivity of both hemispheres. Damage to
the right temporal lobe impairs the per-
ception of meter, while left-side lesions
impair the discrimination of rhythmic
patterns. Musical rhythms lead to acti-
vation in the left premotor and left pa-
rietal areas, as well as in the right an-
terior cerebellar lobe, while nonmusical
rhythms lead to activation in the right
prefrontal, right premotor and right
parietal areas, as well as in the bilateral
cerebellar posterior lobe!!l. Listening to
musical rhythms recruits motor regions
of the brain!*?l.

There is a leftward dominance for
temporal processing of rhythm, which
implicates the recruitment of the lan-
guage areas in the perception of the
rhythm patterns. Both Broca’s and
Wernicke’s areas are implied in rhythm
processing, with increased activation
in the left inferior frontal gyrus includ-
ing Broca in the perception of rhythm.
Additionally, musicians show increased
activity in the left hemisphere in the
passive perception of rhythm compared
to nonmusicians, suggesting that hemi-
spheric specialization for rhythm per-
ception may be enhanced in musicians
1, When words with descriptive, qual-
itative, structural or abstract similari-
ties to particular musical excerpts were
analyzed, they activated a response
pattern similar to semantically related
word or sentence pairs, evidencing that
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semantic interpretations of certain mu-
sical aspects might be shared!*!
Musical structure. Musical struc-
ture comprising metric structure, to-
nality and counterpoint, depends on
frontal lobe areas. Violations of tonality
activates the inferior frontal regions, in-
cluding Broca’s area, and its homolog in
the right hemisphere, as well as posterior
temporal regions, including Wernicke’s
area. Rostromedial prefrontal cortex is
a unique region that maintains a relative
topographic map of tonality"*. There is
a hypothesis that the rostral medial pre-
frontal cortex is a node important for
binding music with memories within a
broader music-responsive network!®..
Memory. Memory is imperative to
the perception and production of mu-
sic. Working memory for pitch requires
the interaction of the right temporal
and right frontal cortices. Recognition
and identification of music as familiar
demand several network activations, in-
cluding bilateral auditory cortices, bilat-
eral orbital, medial and inferior frontal
regions, precuneus, angular gyrus and
parahippocampal gyrus.
data
showed substantial overlap during mel-

Imagery. The functional
ody perception and imagery, including
secondary auditory areas!””). When im-
agery was compared with perception,
an extended network including pre-
frontal cortex, supplementary motor
area, intraparietal sulcus, and cerebel-
lum showed increased activity, in line

with the increased processing demands
of imagery!"”.. Functional connectivity
of anterior right temporal cortex with
frontal areas was increased during im-
agery compared with perception, indi-
cating that these areas form an imag-
ery-related network. The recognition
task recruited overlapping areas, in-
cluding the inferior frontal cortex asso-
ciated with memory retrieval, as well as
left middle temporal gyrus.

Emotional responses. Emotive re-
sponses to music are associated with
limbic structures. Increased subjective
emotional experience of music cor-
related with activation in ventral stria-
tum, midbrain, amygdala, orbitofrontal
cortex, and ventral medial prefrontal
cortex according to the PET study!®.
Listening to the music eliciting strongly
pleasant feelings led to increased activi-
ty observed in the subcallosal cingulate
gyrus, prefrontal anterior cingulate, ret-
rosplenial cortex, hippocampus, ante-
rior insula, and nucleus accumbens in
another PET study!"’.

On the other side, dissonant music
correlated with activation in the right
parahippocampal gyrus and right pre-
cuneus. In a review paper, Pauwels and
co-workers 12 summarized the results
of PET and fMRI based studies of mu-
sic effects on brain, reporting that large
brain areas are engaged in music listen-
ing, including the limbic (amygdala and
hippocampus) and paralimbic struc-
tures (orbitofrontal cortex, parahippo-



campal gyrus, temporal poles). Inter-
estingly, there is evidence that minor
keys activate larger areas of the brain
than the major keys!’..

Lateralization of music functions

The left hemisphere is specialized
for processing language-related sounds,
whereas the right hemisphere processes
music-related sounds®!). The left hemi-
sphere tends to predominate in the pro-
cessing of sequential and discrete ton-
al components of music, as well as in
musical tasks in professional musicians
requiring more analytical processing
(2223 The right hemisphere predomi-
nates in melody recognition and in me-
lodic singing, but in musical amateurs.
There appears to be no clear lateraliza-
tion effect for rhythm perception, since
it is processed in multiple areas in the
brain®!. There is evidence that learning
and retaining unfamiliar melodies in-
volves the right hemisphere, while rec-
ognition of familiar melodies seems to
depend more on the left hemisphere®!.

According to Zatorre and Efron,
speech and musical sounds exploit diffe-
rent acoustical cues: speech is highly
dependent on rapidly changing broad-
band sounds, whereas tonal patterns
of music tend to be slower, although
small and precise changes in frequency
are important'®. The auditory cortices
in the two hemispheres are therefore
specialized in a way that temporal reso-

lution is better in the left and spectral
resolution in the right auditory areas;
it is possible that because an acoustical
system cannot simultaneously analyse
both temporal and spectral aspects of
sound, the cortical asymmetries relat-
ed to acoustical processing may have
developed as a solution to the need to
optimize the processing of acoustical
stimuli?".

Music training can alter lateraliza-
tion in the sense that in musicians the
left hemisphere predominates in mel-
ody recognition, tone discrimination
and musical judgments®" %, Integra-
tion of functions of both hemispheres
is needed for musical appreciation and
performance®l. It is interesting that in
the guitar and violin family the right
hand performs those aspects of music
that are mediated predominantly by the
right hemisphere, such as expression
and tonality, while the left hand inter-
prets the linear sequence of notes best
decoded by the left hemisphere®?. Pa-
tients with right temporal lobectomies
and other temporal lobe lesions exhibit
memory deficits that involve designs,
faces, melodies and spatial formats/?.
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Music element

Brain areas involved

Pitch Auditory cortex and secondary auditory association areas
Timbre Auditory cortex with right lateralization
Rhythm Left auditory cortex for discrimination of rhythmic

patterns, right auditory cortex for perception of meter

Musical structure

Left and right inferior frontal regions, posterior temporal

regions, rostromedial prefrontal cortex

Musical memory

Bilateral auditory cortices, bilateral orbital, medial and

inferior frontal regions, precuneus, angular gyrus and

parahippocampal gyrus

Musical imagery

Secondary auditory areas, prefrontal cortex,
supplementary motor area, intraparietal sulcus and
cerebellum, anterior right temporal cortex

Emotion

Limbic system, ventral striatum, midbrain, amygdala,
orbitofrontal cortex, and ventral medial prefrontal cortex

Table 2. Representation of different elements of music in the brain

Music cognition models

Music cognition models have been
proposed, explaining processes occur-
ring in our brain simultaneously or in
quick succession while listening to mu-
sic. A series of cognitive activities are
needed, such as recognition of melody,
musical memory, recognition of lyrics,
emotional state, etc.””.. According to
Peretz and Coltheart a functional mo-
del, melodic system, located in the right

superior temporal gyrus but depending
on its connection with frontal lobes, is
responsible for processing all melody
information, and discriminates between
tones and intervals or differences be-
tween tones..

There is also the temporal system,
working with the previous one, but re-
sponsible for rhythm and musical meter,
with the melody system being “how”
and the temporal system being “when”
in perception of music®!. Both networks



send information to the musical lexicon,
which creates the musical repertoire,
perceptual representation of all musical
pieces and works we were exposed to in
our lives, and also depending on musical

memory'?.

Environment or genes?

Recent advances in genetic research
implicated several loci on chromosome
4 in singing and music perception, and
certain loci on chromosome 8q in abso-
lute pitch and music perception®!. The
gene AVPR1A on chromosome 12q has
been associated with music perception,
music memory, and music listening,
whereas SLC6A4 on chromosome 17q
with music memory and choir participa-
tion .. Researchers generally agree that
both genetic and environmental factors
contribute to the broader realization of
music ability, with the degree of music
aptitude varying.

Brain lesions and music — amusias

By definition of the syndrome, pa-
tients with amusia have intact auditory
system and other cognitive functions®.
Loss of musical abilities is not related to
the loss of verbal functions, as is obvious
in patients with aphasia and preserved
musical abilities.

Types of amusia. Benton identified
several different types of amusias, in-
cluding receptive and expressive amusia

Bl According to current clinical clas-
sifications, motor amusia refers to the
loss of ability to sing, whistle, or hum;
sensory amusia (tone deafness), the loss
of ability to discriminate pitches; mu-
sical amnesia, the loss of ability to rec-
ognize known pieces of music; musical
apraxia or instrumental amusia, the loss
of ability to play an instrument; musical
agraphia, the inability to write music;
and musical alexia, the inability to read
musical scores®. Bimanual instrument
apraxia is an inability to use both hands
to play a musical instrument, report-
ed in left hemisphere lesions that spare
motor functions®. Patients with amusia
report perceiving music as grating, ex-
plosive, strident!®!.

Incidence. The incidence of acquired
amusia is not known but the phenom-
enon is considered rare®®!. However, it
is likely that amusia is more frequent
but under investigated and underre-
ported®!. There is a great difficulty in
classification of amusia, due to different
approaches used in the literature, and
clinical and pathological description be-
ing based on isolated reported cases.

Temporal lobe lesions. One of the
principal symptoms of the temporal
lobe dysfunction, particularly superior
temporal gyrus on the right, are disor-
ders of music perception. This is a mu-
sic-specific agnosia, due to brain injury
in acquired amusia cases. In patients
with temporal lobectomies, injury af-
fecting superior temporal gyrus impairs
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various aspects of processing necessary
for discriminating music®?. Interest-
ingly, rhythm discrimination was most
affected by right posterior superior tem-
poral gyrus damage, whereas distin-
guishing meter (distinguishing a waltz
and a march) was more affected by an-

terior damage to either temporal lobe®.

Congenital amusia

In congenital amusia, people are tone
deaf from birth and no musical training
make any difference. According to some
studies, congenital amusia seems to be
present in 5% of the population®!. The
phenomenon is attributed to abnormal-
ity in neural network for music, asso-
ciated with structural variations in the
frontal and temporal lobes.

Patients with congenital amusia
present less white matter than healthy
subjects, especially in Broadmann’s area
47/44 of the right inferior frontal gy-
rus, which is active in healthy subjects
during tasks involving musical memo-
ryt*34 Tt is likely that these areas par-
ticipate in pitch processing by means of
frontotemporal connections with the
right auditory cortex, but are underde-
veloped in amusic patients®). Other re-
search indicated increase of grey matter
in the same region, which could be sec-
ondary phenomenon or sign of impair-
ment of neuronal migration!.

Etiology od acquired amusia

Etiology of acquired amusia is com-
prising many diseases and conditions
leading to brain injury, including trau-
matic brain injury, ischemic or hemor-
rhagic stroke, neoplasms, iatrogenic, epi-
lepsy-related, infections, degenerative
or idiopathic®*. In spite of numerous
publications, recent systematic review
pointed to heterogeneity in methodolo-
gy and small numbers of participants in
so far published research®!.

Musical functions and nommusical
cognition

Recent research showed that amusic
patients score lower on test of mem-
ory, attention and cognitive flexibility
compared to non-amusic subjects [
Interestingly, there is also evidence that
intonation of speech - prosody, is not
impaired in patients with amusia, since
two distinct processes are involved, one
for singing intonation and one for speak-
ing intonation. However, the nonverbal
aspects of speech are important for com-
munication as evidenced when listening
to the often flat or misplaced intonations
of patients with right hemisphere dam-
age. Studies indicated that musical per-
ception depends on the same cognitive
processes needed for spatial processing,
with cases of amusic patients showing

signs of spatial impairment 7.



Testing for amusia

Diagnostic evaluation of amusia
mainly relies on testing of musical per-
ception and musical memory. The Mon-
treal Battery of Evaluation of Amusia
(MBEA) designed in 1987 is one of the
most widely used tests!*!.

Bedside amusia assessment can be
easily improvised, with an examiner
whistling or humming several simple
and familiar melodies to the examinee®
Additionally, a pitch pipe can be used,
with patients responding which of the
two sounds is higher or whether two
sounds are the same of different.

Examples of rhythm pattern can be
presented to the patient, with a task to
discriminate similar and different sets or
patterns or to mimic them with a pen-
cil on a table top/®. There are also other
formalised batteries for systematic ex-
amination of musical functions.

CONCLUSION

Enjoying, listening, analysis and cre-
ating music requires activity and coop-
eration between numerous brain areas,
which makes it an attractive topic for
Effects of

music training on human brain are fas-

cognitive neuroscientists.

cinating examples of brain plasticity and
may be used for research and rehabili-
tation purposes. Acquired disturbances
of these processes may be rare and of

little functional importance for patients,
but considering brain areas involved in
music processing and range of under-
lying diseases involved, these disorders
are likely underreported in everyday
clinical practice.
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Kratak sadrzaj

Umetnost i kreativnost poticu iz
mozga i zavise od njegovog normalnog
funkcionisanja. Muzika je multifacetni
fenomen koji postoji kao univerzalno
naslede u svim ljudskim drustvima i
kroz ¢itavu ljudsku istoriju. Postoje
mnogobrojni mozdani mehanizmi
ukljuceni u kognitivhu obradu muzike,
ukljucujudi slusanje muzike, izvodenje,
pisanje, Citanje, kao i muzicku estetiku
i muzicke emocije. Muzika se odnosi
na mnoge funkcije mozga, ukljuc¢ujuci
percepciju,  motoriku,  kogniciju,
emocije, ucenje i pamcenje. Razliciti
regioni mozga su povezani sa obradom i
proizvodnjom muzike, ukljucujuci prave
prednje i zadnje superiorne temporalne
reznje, desno inferiorni frontalni
korteks, desno prefrontalni, bilateralni
premotor i bilateralni parietalni
prostori, desni anteriorni cerebelarni
limbicke

strukture. U obolelom mozgu, nakon

rezanj, jezicke povrsine,
traume mozga, opisani su poremecaji u
percepciji ili produkciji muzike, iako se
smatraju retkim. Amuzija ili specificna



muzicka agnozija, naruSena percepcija
muzike ili njenih komponenti obi¢no se
povezuje sa lezijama temporalnog reznja
i pretezno se javlja kod ostecenja desne
polovine mozga. Etiologija steCene
amusije obuhvata mnoge bolesti i stanja
koji dovode do lezija mozga, uklju¢ujuci
traumatske povrede, ishemijski ili
hemoragi¢ni mozdani udar, neoplazme,
jatrogena stanja, epilepsije, infekcije i
degenerativne bolesti. Postoje i slucajevi
kongenitalne amuzije, u vezi poremecaja
neuronskih  mreza za  muziku,
povezanih sa strukturnim varijacijama

u frontalnom i temporalnom reznju.

Kljucne reci:

muzicka gnozija, amuzija, neurologija
ponasanja, mozak i muzika, trauma
mozga
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