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Abstract
Introduction:  Recent  studies  have  shown  that  musical  practice  and  training  are  effective  and
have the  potential  to  assist  in  the  acquisition  and  improvement  of  auditory  skills.
Objective:  To  verify  the  scientific  evidence  on  the  implications  of  musical  practice  in  central
auditory  processing.
Methods:  A  systematic  review  was  carried  out  in  accordance  with  the  recommendations  of
the Preferred  Reporting  Items  for  Systematic  Reviews  and  Meta-Analyses  (PRISMA),  using  the
Medline (Pubmed),  LILACS,  SciELO,  BIREME,  Scopus  and  Web  of  Science  databases.  The  search
period for  the  articles  covered  the  last  5  years  (2015---2020),  without  restriction  of  language
and location.  The  quality  of  the  articles  was  assessed,  and  the  review  included  articles  with  a
minimum score  of  6  in  a  modified  literature  quality  scale.
Results:  Initially,  1362  publications  were  found,  of  which  1338  were  excluded  after  the  title
screening,  15  were  excluded  due  to  the  abstract,  with  nine  articles  being  analyzed  in  full  and
four of  them  excluded  after  the  analysis,  as  they  did  not  answer  the  guiding  question  proposed
for this  research.  Five  articles  that  met  the  proposed  inclusion  criteria  were  admitted  for  this
research.  It  was  found  that  in  adults,  musical  ability  is  associated  with  better  performance  of
several auditory  processing  skills,  as  well  as  the  fact  that  musical  training  in  children  promoted
an accelerated  maturity  of  auditory  processing  and  exposure  to  music  facilitated  the  learning
of auditory  information  in  newborns.
Conclusion:  Considering  the  scientific  evidence,  it  was  found  that  the  musical  experience  can
improve specific  skills  of  the  central  auditory  processing,  regardless  of  age,  optimizing  children’s
linguistic development.
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Table  1  Description  of  PICOS  components.

Acronym  Definition

P  Patients
I Music
C Musical  Practice
O CAP

S

Descriptive  study
Cross-sectional  study
Observational  study
Case  reports
Case-control  studies
Controlled  clinical  trials
Cohort  studies
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ntroduction

ccording  to  Brescia,1 the  first  civilizations  used  music  in  all
heir  rituals,  such  as  during  birth  and  death.  Music  stimulates
eople’s  physical,  emotional,  cognitive  and  social  status.
maging  exams  demonstrate  activity  in  parts  of  the  brain,
n  areas  associated  with  hearing  and  emotions,  when  they
ome  into  contact  with  music,2 and  when  a  musical  instru-
ent  is  played,  neural  connections  are  created,  connecting

he  two  brain  hemispheres,  which  begin  to  work  together.3

Central  auditory  processing  (CAP)  refers  to  a  series  of
rocesses  involved  in  the  detection  of  and  reaction  to  the
ounds  received  and  predominantly  involves  the  structures
f  the  central  nervous  system  (CNS);4 however,  for  a  correct
ecoding  to  occur,  it  is  necessary  that  the  auditory  skills  be
omplete  and  effective.5 It  is  observed  that  alterations  in
his  system  can  lead  to  difficulties  in  learning,  understanding
nd  language  delay.6

The  CAP  includes  sound  recognition  and  localization
kills,  sharing  of  attention  between  two  stimuli,  select-
ng  an  auditory  stimulus  in  the  presence  of  background
oise,  differentiating  the  variation  of  frequency,  intensity
nd  duration  of  the  sound,  in  addition  to  perceiving  differ-
nces  and  similarities  between  verbal  sounds,7 and  musical
ractice  is  considered  to  favorably  stimulate  these  skills,8

ecoming  an  ally  in  the  treatment  and  prevention  of  some
isorders.9,10

The  auditory  processing  integrity  is  a  prerequisite  for
he  development  of  language  skills.  It  is  reported  that
he  musical  experience  positively  contributes  to  the  global
evelopment  of  children,  as  well  as  in  the  metalinguis-
ic  skills.10,11 The  musical  experience  that  can  promote
mprovement  in  the  auditory  processing  and  phonological
wareness  skills  in  children  of  5  years  stands  out.12

Research  suggests  that  brain  plasticity  is  induced  by  musi-
al  practice  and,  therefore,  a  functional  and  structural
ifference  in  the  musicians’  brain  auditory  areas  when  com-
ared  to  that  of  non-musicians,13---16 which  may  indicate  a
aster  processing  of  auditory  stimuli,  represented,  for  ins-
ance,  by  the  decreased  latency  and  greater  P3  amplitude
n  that  population.17

Recent  studies  have  shown  that  musical  practice  and
raining  improve  the  auditory  processing  skills,7,18 which
ave  shown  to  be  effective  and  have  potential  to  be  used
n  children,  aiming  to  assist  in  the  acquisition  of  auditory
kills,  as  well  as  to  improve  them.7

Based  on  the  abovementioned  facts,  the  present  study
as  as  its  main  and  guiding  objective  the  verification  of  the
cientific  evidence  on  the  implications  of  musical  practice
n  central  auditory  processing,  aiming  to  answer  the  follow-
ng  research  question:  What  are  the  implications  of  musical
ractice  in  central  auditory  processing?

ethods

rotocol  and  registration
his  systematic  review  was  carried  out  in  accordance  with
RISMA  (Preferred  Reporting  Items  for  Systematic  reviews
nd  Meta-Analyses)  recommendations.19

R

T
i

21
Source: Developed by the authors.
CAP, Central Auditory Processing.

The  search  for  scientific  articles  were  carried  out  by
wo  independent  researchers  in  the  MEDLINE  (Pubmed),
ILACS,  SciELO,  Scopus,  Web  of  Science  and  BIREME  elec-
ronic  databases,  without  restriction  of  language,  period
nd  location.  The  research  was  structured  and  organized
ccording  to  the  PICOS  model,  which  is  an  acronym  for  Tar-
et  Population,  Intervention,  Comparison,  “Outcomes”  and
Study  type”.  The  population  of  interest  or  health  problem
P)  corresponds  to  patients;  intervention  (I)  refers  to  music;
omparison  (C)  corresponds  to  exposure  to  musical  practice;
utcomes  (O)  refers  to  the  CAP;  and  the  types  of  studies  (S)
ccepted  were  descriptive,  cross-sectional,  observational
tudies,  case  reports,  case-control  studies,  controlled  clini-
al  trials  and  cohort  studies  (Table  1).

earch  strategy

he  descriptors  were  selected  from  the  Health  Sciences
escriptors  (DeCS)  dictionary  and  Medical  Subject  Heading
erms  (MeSH),  considering  their  wide  use  by  the  scien-
ific  community  for  the  indexing  of  articles  in  the  PubMed
atabase.  Considering  the  search  for  descriptors,  the  ade-
uacy  for  the  other  databases  used  in  the  search  was  carried
ut.  Initially,  the  following  combination  of  descriptors  was
roposed  for  the  searches:  (music)  and  (auditory  processing)
nd  (central  nervous  system).  The  search  was  concentrated
n  July  2020.

ligibility  criteria

he  designs  of  the  studies  initially  accepted  were  descrip-
ive,  cross-sectional,  observational,  case-control,  cohort
tudies,  case  reports  and  controlled  clinical  trials.  The  stud-
es  were  included  without  restriction  of  language,  period
nd  location.  Table  2  represents  the  inclusion  and  exclu-
ion  criteria  developed  in  this  research.  The  studies  scored
igher  than  6  according  to  the  modified  protocol  by  Pithon
t  al.20 to  have  their  quality  assessed.
isk  of  bias

he  quality  of  the  methods  used  in  the  included  studies  was
ndependently  assessed  by  the  reviewers  (PH,  CHB  and  LFG),
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Table  2  Summary  of  inclusion/exclusion  criteria.

Inclusion  criteria

Design

Case  reports
Case-control  studies
Controlled  clinical  trials
Cohort  studies
Screening  studies
Observational  studies

Location  Without  restriction
Language  Without  restriction
Period January  2015  to  June  2020

Exclusion  Criteria

Design

Literature  reviews
Systematic  reviews
Meta-analyses
Case  studies
Preference  studies

Studies
Unclear  studies
Poorly  described  or  inadequate
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Type  of  publication Abstract  only

Source: Developed by the authors.

ccording  to  the  PRISMA  recommendation.19 The  assess-
ent  prioritized  the  clear  description  of  information.  At  this
oint,  the  review  was  carried  out  blindly,  after  masking  the
ames  of  the  authors  and  journals,  avoiding  any  potential
ias  and  conflicts  of  interest.

xclusion  criteria

tudies  published  as  Letters  to  the  Editor,  Guidelines,  Lit-
rature  Reviews,  Narrative  Reviews,  Systematic  Reviews,
eta-analyses  and  Abstracts  were  excluded.  Studies  with
issing  information  or  which  were  unclear  about  it,  or  were

ot  available  as  full-text,  were  also  excluded  as  shown  in
able  2.

ata  analysis

he  extraction  of  data  for  the  study  eligibility  process  was
erformed  using  a  specific  form  for  the  systematic  review
repared  by  two  researchers  using  the  Excel® program,  in
hich  the  extracted  data  were  initially  added  by  one  of  the

esearchers  and  then  checked  by  another  researcher.  First,
hey  were  selected  according  to  the  title.  The  abstracts
ere  then  analyzed  and  only  those  that  were  potentially
ligible  were  selected.  Based  on  the  abstracts,  the  articles
ere  selected  for  full  reading,  and  the  ones  that  met  all
redetermined  criteria  were  accepted.  In  case  of  disagree-
ent  between  the  evaluators,  a  third  one  made  the  decision

egarding  the  eligibility  of  that  specific  study.

tudy  selection  procedure
nitially,  the  eligibility  reviewers  (CHB  and  LFG)  were  cali-
rated  to  perform  the  systematic  review  by  FSAP,  KMP  and
H.  After  calibration  and  clarification  of  doubts,  the  titles

i
T
o
y

21
ngology  87  (2021)  217---226

nd  abstracts  were  independently  assessed  by  two  eligibil-
ty  reviewers  (CHB  and  LFG),  who  were  not  blinded  to  the
ames  of  the  authors  and  the  journals.  The  ones  that  showed

 title  within  the  scope,  but  for  which  abstracts  were  not
vailable,  were  also  obtained  and  analyzed  in  full.

Subsequently,  the  preliminary  eligible  studies  had  the  full
ext  obtained  and  assessed.  In  specific  cases,  when  the  study
ith  potential  for  eligibility  showed  incomplete  data,  the
uthors  were  contacted  by  email  to  obtain  more  informa-
ion.  In  the  absence  of  agreement  between  the  reviewers,

 third  party  (PH)  was  called  in  for  the  final  decision.

ollected  data

fter  the  screening,  the  texts  of  the  selected  articles
ere  reviewed  and  extracted  in  a  standardized  manner  by

wo  authors  (CHB  and  LFG)  under  the  supervision  of  KMP,
SAP  and  PH,  identifying  the  year  of  publication,  place  of
esearch,  language  of  publication,  type  of  study,  study  sam-
le,  method,  result  and  conclusion.

linical  outcome

he  clinical  result  of  interest  was  to  analyze  the  effect  of
usic  on  auditory  processing.  The  studies  that  did  not  use

he  musical  effect  approach  in  auditory  processing  were  not
ncluded  in  the  literature  review  sample.

esults

ased  on  the  chosen  descriptors,  the  databases  were  con-
ulted  and  the  results,  available  in  Table  3,  were  obtained.

Initially,  1362  publications  were  found,  of  which  1338
ere  excluded  after  the  screening  of  the  title  and  15  were
xcluded  after  the  abstract  was  read,  with  nine  articles
eing  analyzed  in  full  and  four  of  them  excluded  after  anal-
sis,  as  they  did  not  meet  the  inclusion  criteria  proposed  for
his  research.  Thus,  five  publications  were  included  in  this
tudy  (Fig.  1).

The  designs  of  the  included  studies  comprise  the  cross-
ectional  and  longitudinal  types,  all  with  a  score  of  11  in  the
odified  protocol  of  Pithon  et  al.,20 which  rigorously  eval-

ates  the  quality  of  publications.  The  data  extracted  from
he  studies  were  descriptively  and  comparatively  assessed.

Regarding  the  description  of  the  results  of  the  eligible
rticles  in  this  study,  the  information  was  presented  in  a
etailed  format,  as  the  potentials  analyzed  in  the  evalua-
ions,  the  stimuli  used  and  other  information,  as  shown  in
able  4.

In three  included  studies,  the  sample  consisted  of  20
dult  individuals,  divided  into  groups  of  musicians  and  non-
usicians.21---23 Regarding  the  age  of  the  participants,  in  one

f  them  age  ranged  from  22  to  59  years;23 in  two  others,
he  mean  age  of  musicians  was  23  years  old  (SD  =  2)21 and
2.2  years  old  (SD  =  16.04)22 and  among  the  non-musicians,

t  was  24  years  old  (SD  =  2)21 and  38.4  years  (SD  =  12.03).22

he  other  two  studies  selected  in  this  research  were  carried
ut  with  newborns  (n  =  21)24 and  with  children  aged  6---7
ears  (n  =  7).25

9
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Table  3  Classification  of  references  obtained  in  Pubmed,  SciELO,  LILACS,  Web  of  Science  and  Scopus  databases.

Descriptors  N.  Excluded
references

Reason  Selected  Database

(music)  and  (auditory
processing)  and
(central  nervous
system)

293  290  Excluded  by  the  title
(282);  excluded  by  the
abstract  (8)

3  Pubmed

(music) and  (auditory
processing)  and
(central  nervous
system)

---  ---  ---  0  LILACS

(music) and  (auditory
processing)  and
(central  nervous
system)

1  1  Excluded  by  the  title  (1) 0  SciELO

(music) and  (auditory
processing)  and
(central  nervous
system)

443  442  Excluded  by  the  title
(440);  excluded  by  the
abstract  (2);

1  Web  of  Science

(music) and  (auditory
processing)  and
(central  nervous
system)

10  10  Did  not  meet  the
inclusion  criteria  (4);
excluded  by  the  title  (5)

1  BIREME

(music) and  (auditory
processing)  and
(central  nervous
system)

615  615  Excluded  by  the  abstract
(5);  excluded  by  the  title
(610)

0  Scopus

Total 1362  1357  5
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Source: Developed by the authors.

While  studies  with  adults 21---23 evaluated  the  central
uditory  nervous  system  function  of  musicians  and  non-
usicians,  considering  that  musicians  should  already  have

 history  of  prolonged  exposure  to  music,  studies  with
hildren25 and  newborns24 exposed  these  subjects  to  dif-
erent  sound  stimuli,  aiming  to  assess  the  effects  of  this
xposure  on  the  auditory  pathway.

The  mean  time  of  exposure  to  musical  practice  in  one
f  the  studies  carried  out  with  adults  was  14  years  (SD  =  2
ears);21 in  another,  this  time  ranged  from  16  to  54  years,
ith  80%  of  the  musicians  having  40  years  or  more  of  expo-

ure,  all  for  at  least  15  h  a  week.23 In  one  of  them,  the  time  of
xposure  of  the  musicians  was  not  provided,  although  they
ook  this  factor  into  account  when  quantifying  the  musical
ackground  and  experience  through  a  questionnaire  (Iowa
usical  Background  Questionnaire  -  IMBQ).22

In  the  study  by  Habibi  et  al. 25 the  children  in  the  group
xposed  to  musical  training  (n  =  13),  for  a  period  of  6---7  h  a
eek  for  two  years,  were  compared  with  two  other  groups
f  children  with  the  same  socioeconomic  background,  one
f  which  was  involved  in  sports  training  (n  =  11)  and  another
ithout  any  involvement  in  systematic  training  (n  =  13).

In  the  study  by  Suppanen  et  al.,24 newborns  were  submit-
ed  to  the  Finnish  version  of  a  well-known  lullaby,  recorded

y  a  native  speaker  of  the  language,  under  three  different
onditions,  using  two  different  verses  in  each  condition:

 version  read  as  a  lullaby,  spoken  metrically;  a  version
ung  with  a  certain  melody;  and,  a  version  read  as  com-

i
m
r

22
on  speech.  Under  the  three  conditions,  the  potentials
elated  to  the  newborns’  hearing  events  were  recorded.
hen,  the  learning  effect  was  investigated,  introducing  spo-
adic  changes  in  vowel,  word,  pitch  and  intensity  in  the
xcerpts  of  speech  and  recording  the  neural  responses  to
hem.

The  methodologies  used  by  the  authors  to  assess  the
unction  of  the  central  auditory  pathway  were  varied,
ncluding  behavioral/psychoacoustic 22,23,25 and  electro-
hysiological  assessments.21,23,25 Among  the  behavioral  tests
sed  were  speech-in-noise  tests,  pitch  discrimination,22,23

imbre  recognition  (closed  set  task),22 tone/rhythm
iscrimination,25 in  addition  to  the  Gaps-In-Noise  (GIN)
nd  Sinusoidal  Amplitude  Modulation  (SAM)  tests.23 The
lectrophysiological  examinations,  used  in  the  five  selected
tudies,21---25 are  related  to  the  recording  of  event-related
otentials  (ERP)  or  cognitive  potentials,  which  are  widely
sed  to  assess  the  development  of  the  central  auditory
ystem  and  allow  the  identification  of  stages  of  the  sensory
nd  cognitive  process  in  response  to  auditory  stimuli.  The
nalyzed  potentials,  as  well  as  the  stimuli  used,  are  shown
n  Table  4.

As  for  the  results  obtained  from  the  studies  developed
ith  adults,  there  was  a  significant  correlation  between
usical  ability  and  P3  latencies,  with  the  latencies  obtained
n  musicians  being  lower  than  those  recorded  in  non-
usicians,21 in  addition  to  higher  amplitudes  of  cortical

esponses.22 Musicians  were  shown  to  be  able  to  detect

0
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Table  4  Results  of  the  selected  studies.

Author/  Year/
Place  of  study/
Type  of  study

Objective  Analyzed
potential(s)

Used  stimulus  Results  Conclusion

Fabhauer  et  al.,21

2015
Cross-Sectional
Germany

To  verify  the  association
between  musical  ability
and  short-term  cognitive
processing,  measured  by
the event-related
potentials.

P1,  N1,  P2,  N2,  P3  Not  specified  The  most  important  finding  was  that
there  is  a  significant  linear
correlation  between  musical  ability
as  measured  by  these  tests  and  the
P3  latencies  of  the  potentials  related
to  auditory  and  visual  events.
Moreover,  musicians  showed  shorter
latencies  of  event-related  potentials
than  non-musicians.

Musical  ability,  measured
by  neuropsychological
tests,  is  associated  with
improved  short-term
cognitive  processing,
both  in  the  auditory
domain  and,  surprisingly,
also  in  the  visual
domain..

Brown et  al.,22

2017
Cross-sectional
United  States

To  determine  whether
the  acoustic  change
complex  (ACC)  is
sensitive  enough  to
reflect  the  differences  in
spectral  processing
exhibited  by  musicians
and  non-musicians.

ACC  Speech  in  noise;
sequence  of  four
notes  from  six
musical
instruments;
series  of  three
simulated  clarinet
notes,  digitally
generated;  ripple
noise.

Musicians  were  capable  of  detecting
minor  changes  in  pitch  than
non-musicians.  They  were  also
capable  of  detecting  a  change  in  the
position  of  the  peaks  and  valleys  in  a
ripple  noise  stimulus  at  higher  ripple
densities  than  non-musicians.  The
ACC  responses  recorded  by  musicians
were  greater  than  those  recorded  by
non-musicians  when  the  amplitude  of
the  ACC  response  was  normalized  to
the amplitude  of  the  initial  response
in each  pair  of  stimuli.  The  visual
detection  thresholds  derived  from
the  evoked  potential  data  were
better  for  musicians  than  for
non-musicians,  regardless  of  whether
the task  was  the  discrimination  of
musical  tuning  or  detection  of  a
change  in  the  frequency  spectrum  of
ripple noise  stimuli.  Behavioral
discrimination  measures  were
generally  more  sensitive  than
electrophysiological  measures.
However,  the  two  metrics  were
correlated.

Musicians  are  more
capable  of
discriminating  spectrally
complex  acoustic  signals
than  non-musicians.
These  differences  are
evident  not  only  in  the
perceptual  /  behavioral
tests,  but  also  in  the
electrophysiological
measurements  of  the
neural  response  at  the
level  of  the  auditory
cortex.  Although  these
results  are  based  on
observations  made  by
listeners  with  normal
hearing,  they  suggest
that  ACC  may  provide  a
non-behavioral  method
of  assessing  hearing
discrimination  and,  as  a
result,  may  be  useful  in
future  studies  that
explore  the
effectiveness  of
participating  in  a
musical  environment,
auditory  training
program,  perhaps  aimed
at pediatric  or  hearing
impaired  listeners.
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Table  4  (Continued)

Author/  Year/
Place  of  study/
Type  of  study

Objective  Analyzed
potential(s)

Used  stimulus  Results  Conclusion

Meha-Bettison  et
al.,23 2018
Cross-sectional
United  States

To  investigate  whether
professional  musicians
outperformed
non-musicians  in
auditory  processing  and
speech  in-noise
perception

P1,  N1  e  P2  /  da  /  syllable  Musicians  significantly  outperformed
non-musicians  in  the  task  of
frequency  discrimination  and  speech
perception  in  noise  (target  voice  and
competitive  voice  equal  to  0◦).  The
N1  amplitude  of  the  musicians
showed  no  difference  between  the
conditions  of  5  dB  and  0  dB,  while  the
non-musicians  showed  a  significantly
lower  N1  amplitude  at  0  dB  when
compared  to  5  dB.  The
time-frequency  analysis  indicated
that  the  musicians  had  significantly
higher  alpha  power
desynchronization  at  0  dB,  indicating
attention  involvement.

Using  behavioral  and
electrophysiological
data,  the  results  provide
converging  evidence  that
shows  better  speech
recognition  in  noise  by
musicians.

Suppanen et  al.,24

2019
Cross-sectional
Finland

To  verify  whether  music
and rhythm  can
facilitate  the  learning  of
hearing  information  in
newborns.

Not  specified  Finnish  version  of
a  well-known
lullaby  song  in
three  different
conditions  (lullaby
song,  music,
speech)

Statistically  significant  brain
responses  were  found  in  newborns
when  changes  in  syllables  and  words
were  presented  in  the  lullaby  song,
but  changes  included  in  music  and
speech  did  not  cause  different
cortical  responses.  The  rhythmic
structure  of  children’s  rhymes  can
facilitate  the  learning  of  newborns
regarding  auditory  information.

Children’s  rhymes  can
facilitate  newborns’
learning  through  hearing
information  and,
therefore,  can  be
beneficial  for  language
development.

Habibi et  al.,25

2016
Longitudinal
United  States

To  investigate  the
effects  of  a  musical
training  program  on
children’s  hearing
development,  during  2
years,  from  6  to  7  years
old.

P1,  N1,  P2,  N2,  P3  Pure  tone,  piano
and  violin,
combined  in
fundamental
frequency  with
musical  tones.

Before  participating,  the  children
who  started  musical  training  did  not
differ  from  those  in  the  control
groups  regarding  cognitive,  motor,
musical  or  brain  measures.  After  2
years,  it  was  observed  that  the
children  in  the  musical  group  showed
an improved  ability  to  detect  changes
in  the  tonal  environment  and  an
accelerated  maturity  of  the  auditory
processing,  measured  by  the  cortical
auditory  evoked  potentials.

Musical  training  can
result  in  specific  brain
changes  in  stimuli  in
schoolchildren.

Source: Fabhauer et al., 2015; Brown et al., 2017; Habibi et al., 2016; Meha-Bettison et al., 2018; Suppanen et al., 2019.
ACC, Acoustic Change Complex.
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Figure  1  Flowchart  of  the  article  search  and  analysis  process.
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inor  changes  in  pitch  when  compared  to  non-musicians.22

oreover,  musicians  were  shown  to  have  a  better  capacity  to
iscriminate  spectrally  complex  acoustic  signals  than  non-
usicians.22 One  of  the  studies  also  found  that  musicians

howed  better  speech  recognition  in  noise  (equal  target
oice  and  competitive  voice,  applied  at  0◦),  in  addition  to
ignificantly  outperforming  non-musicians  in  the  frequency
iscrimination  task.23

The  study  carried  out  with  children  found  that  musical
raining,  for  a  period  of  two  years,  may  result  in  specific
rain  alterations,  positively  impacting  the  development  of
uditory  skills,  since  the  results  show  an  improved  capacity
o  detect  changes  in  the  tonal  environment  and  accelerated
aturity  of  the  auditory  processing  of  children  submitted  to
usical  training.25

As  for  the  effects  of  music  on  newborns  exposed  to  a
ell-known  lullaby  song  in  three  different  conditions  (met-

ically  spoken,  sung  with  melody,  and  read  as  a  speech),  it
as  observed  that  the  rhythmic  structure  of  the  lullaby  song

acilitated  the  learning  of  newborns  with  auditory  infor-
ation  and,  therefore,  it  can  be  beneficial  for  language
evelopment.  It  is  worth  mentioning  that  this  effect  was
ot  observed  with  the  other  presented  song.24
iscussion

he  studies  admitted  in  this  systematic  review  agree  regard-
ng  the  effects  of  music  or  musical  training,  inferring

s
A
t

22
hat  they  improve  auditory  processing  skills,  in  addition  to
ausing  cortical  changes,  which  favor  the  learning  and  devel-
pment  of  language  in  children  and  newborns,  corroborating
hat  was  found  in  other  publications.7,12,26,27

The  literature  points  out  that  musical  practice  positively
nfluences  the  CAP  skills 9,18 and  may  be  considered  a  tool  to
mprove  these  skills,  becoming  a  protective  factor  in  rela-
ion  to  developmental  disorders,  especially  those  related  to
peech  and  language  development.9

The  study  samples  admitted  to  this  systematic  review
onsisted  of  adults,  children  aged  6---7  years  and  neonates,
s  the  age  range  did  not  constitute  an  exclusion  criterion.
ther  studies  carried  out  to  verify  the  effects  of  music,  as
ell  as  musical  training  on  populations  of  adults17,28---33 and
hildren7,12,26,27,34---36 have  been  evidenced  in  the  literature,
nd,  overall,  studies  with  children  carry  out  the  exposure  to
usic/musical  training  during  the  study  period,  while  stud-

es  with  adults  evaluate  the  effects  of  music  that  have  been
resent  in  the  subjects’  daily  lives  for  many  years.

The  literature  on  the  effects  of  music,  as  well  as  musi-
al  training  on  the  auditory  processing  of  adults,  is  broad,
howing  a superiority  in  temporal  ordering  skills, 29 speech
ecognition  in  noise 28 and  temporal  resolution,31 when  com-
ared  to  the  performance  of  non-musicians,  in  addition  to
he  fact  that  musicians  show  superiority  in  standardized

ubtests  of  visual,  phonological  and  executive  memory.17

 study  developed  with  30  popular  band  singers  compared
heir  performance  in  auditory  skills  of  temporal  resolution

3
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C.H.  Braz,  L.F.  Gonç

nd  ordering  between  individuals  who  sing  and  play  musical
nstrument(s)  (n  =  15)  with  the  performance  of  those  who
nly  sing  (n  =  15)  and  verified  that  popular  singers  who  play
usical  instruments  have  a  better  performance  in  those

kills.33

Another  study,  carried  out  with  43  adults  aged  between
8  and  38  years,  divided  into  three  groups,  one  of  which
onsisted  of  bilingual  non-musician  adults  (n  =  15),  the  other
y  monolingual  English-speaking  musicians  (n  =  13)  and  the
ontrol  group,  consisting  of  monolingual  English  speakers
n  =  15),  showed  that  bilingualism  and  musical  training  have
ifferential  effects  on  brain  networks.30

When  evaluating  the  P300  latency  and  amplitude  in
usicians  (n  =  30;  between  20  and  53  years  old)  and  non-
usicians  (n  =  25;  between  18  and  30  years  old),  in  the

bsence  and  presence  of  contralateral  noise,  researchers
ound  a  greater  inhibitory  effect  on  musicians  compared  to
on-musicians,  showing  that  the  central  auditory  nervous
ystem  of  musicians  has  characteristic  peculiarities  due  to
he  musical  practice  to  which  they  are  constantly  exposed.32

his  potential  was  also  assessed  in  a  study  developed  with  32
niversity  students  aged  between  18  and  24  years,  divided
nto  musicians  and  non-musicians,  in  which  musicians  should
ave  been  practicing  a  musical  instrument  for  a  long  period
between  9  and  16  years),  with  the  beginning  of  the  practice
ccurring  initially  in  childhood  (between  5  and  10  years).
he  musicians  demonstrated  a  faster  update  of  working
emory  (lower  latency  P300)  in  the  visual  and  auditory
omains  and  allocated  more  neural  resources  to  auditory
timuli  (higher  amplitude  P300),  demonstrating  that  long-
erm  musical  training  is  related  to  improvements  in  memory,
oth  auditory  and  visual.17

In  line  with  that  observed  in  the  adult  population,  as  well
s  with  the  findings  of  the  study  carried  out  with  children
ged  6---7  years  old  included  in  this  research,25 the  result  of
nother  study  carried  out  with  children  aged  5  years  showed
hat  the  musical  experience  promoted  the  improvement  of
uditory  and  metalinguistic  skills,12 and  there  is  evidence
hat  musical  training  positively  influences  reading  skills  and
peech  perception  in  noise,  in  addition  to  causing  faster
eural  responses.26

Other  results  show  positive  effects  of  music  on  the
ransfer  between  cognitive  domains  in  the  pediatric
opulation,34,37 since  musical  training  increases  the  sensitiv-
ty  to  a  specific  basic  acoustic  parameter,  the  tuning,  which
s  equally  important  for  the  prosody  of  music  and  speech,
mproving  children’s  ability  to  detect  changes  in  tuning  not
nly  in  music,  but  also  in  language.37 When  comparing  the
erformance  of  5-year-old  children  with  and  without  musical
ractice,  it  is  noteworthy  that  musical  practice  had  a pos-
tive  influence  on  the  auditory  skills  of  temporal  ordering,
ound  localization  and  musical  appreciation.9

There  is  longitudinal  evidence  that  children’s  speech  per-
eption  in  noise  improves  after  group  musical  training  for

 period  of  2  years.27 However,  researchers  found  that  6
onths  of  musical  training  were  already  sufficient  to  signi-
cantly  improve  behavior  and  influence  the  development  of
eural  processes  in  8-year-old  children,  strengthening  the-

ries  about  brain  plasticity  by  showing  that  relatively  short
eriods  of  training  have  strong  consequences  on  the  func-
ional  organization  of  children’s  brains.34

d
t
w
n

22
s,  K.M.  Paiva  et  al.

The  lasting  benefit  of  musical  training  was  evidenced
n  a  study  carried  out  with  children  aged  between  4  and

 years,  in  which  it  was  also  possible  to  verify  that  new
rain  hemisphere  changes  appeared  one  year  after  the
raining.36 Therefore,  musical  education  plays  an  important
ole  in  child  development,  and  musical  training  is  also  capa-
le  of  shaping  essential  skills  in  the  social  and  academic
evelopment.25

The  evidence  found  in  the  study  carried  out  with  new-
orns  infer  that  the  simultaneous  occurrence  of  exaggerated
rosodic  cues  and  items  to  be  learned  seems  to  help  new-
orns  to  process  language  input,  corroborating  what  was
ound  in  previous  studies.38,39 For  Schon  and  Tillmann,40 the
hyme  in  children’s  songs  are  natural  auditory  stimuli  for
ewborns,  improving  phonological  processing.  The  absence
f  learning  evidence  in  neonates  against  a song  presented  as

 certain  melody,  which  is  not  a  lullaby,  may  be  due  to  the
act  that  the  melody  does  not  include  sufficient  variation  in
uning  or  due  to  the  challenging  situation  imposed  by  the
imultaneous  learning  of  the  melody  and  phonetic  content
nd  not  just  the  phonetic  content.24

Although  none  of  the  studies  selected  for  this  research
ere  carried  out  with  the  elderly  population,  there  have
een  reports  in  the  literature  about  the  benefits  of  musical
raining  in  the  auditory  processing  skills  of  non-hearing  aid
1 and  hearing  aid  elderly  users.42---44 A  study  developed  with
lderly  people  randomly  assigned  to  learn  how  to  play  the
iano  (music),  learn  to  play  a video  game  (video)  or  to  be
sed  as  a  control  (non-contact)  found  that  after  6  months,
he  group  that  learned  how  to  play  the  piano  improved  their
bility  to  understand  words  presented  in  the  presence  of
ackground  noise,  while  the  other  two  groups  did  not.  It  is
mportant  to  observe  that  these  findings  suggest  that  musical
raining  can  be  used  as  basis  for  the  development  of  hearing
ehabilitation  programs  for  the  elderly.41

Another  important  effect  of  music  was  found  in  a  study
hat  assessed  the  skills  of  auditory  processing  throughout
ife  in  musicians  (n  =  74)  and  non-musicians  (n  =  89),  aged
etween  18  and  91  years  old,  and  demonstrated  that  musi-
ians  experience  less  age-related  decline  in  auditory  tasks,
uch  as  gap  detection  and  speech  understanding  in  noise.45

he  differences  between  musicians  and  non-musicians  in
elation  to  behavioral  and  electrophysiological  measures
ncrease  the  expanding  literature  on  experience-dependent
lasticity  in  musicians.23

Studies  indicate  that  there  are  structural  differences
etween  the  brains  of  musicians  and  non-musicians,  among
hich  are  the  larger  volume  of  the  auditory  cortex,  greater
oncentration  of  gray  matter  in  the  motor  cortex,  and  larger
nterior  corpus  callosum.  Studies  involving  neuroplasticity
ndicate  a  correlation  between  time  of  musical  study  and
tructural  differences.  Additionally,  it  is  possible  that  there
s  a  critical  period  related  to  these  changes,  indicating  a
ossible  correlation  between  the  age  at  which  music  started
eing  studied  and  structural  brain  changes.46,47

Seeking  to  understand  the  correlation  between  musical
tudy  and  an  increase  in  the  corpus  callosum,  a  research  was
arried  out  with  children  from  5  to  7  years  old,  who  were

ivided  into  three  groups,  one  group  who  had  weekly  prac-
ice  of  musical  instrument  from  1  to  2  h,  one  group  who  had
eekly  practice  from  2  to  5  h  and  a  control  group  that  did
ot  have  music  lessons.  At  the  beginning  of  the  study,  there
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2011;23:258---63.

13. Pantev C, Oostenveld R, Engelien A, Ross B, Roberts LE, Hoke M.
Brazilian  Journal  of  Otorhin

ere  no  differences  between  the  volumes  of  the  subjects’
orpus  callosum.  After  29  weeks  of  practice,  there  was  a
ignificant  difference  between  the  size  of  the  corpus  callo-
um  in  the  children  from  the  three  groups,  with  a  greater
ncrease  in  the  corpus  callosum  being  observed  in  children
ith  a  longer  time  of  exposure  to  musical  practice.48

Another  similar  study  carried  out  with  31  children  divided
nto  two  groups,  one  of  which  (n  =  15)  had  keyboard  lessons
or  15  months  and  the  control  group,  which  did  not  receive
nstrumental  musical  training,  but  only  participated  in
eekly  group  music  classes  at  school,  found  differences

n  regions  such  as  the  right  precentral  gyrus  (motor  area
elated  to  hand  movement),  corpus  callosum  and  Heschl
yrus  (primary  auditory  area),49 findings  that  indicate  a
trong  possibility  of  music-induced  brain  plasticity.

Structural  brain  alterations  after  musical  training  in  early
hildhood,  for  a  short  period  of  time  (15  months),  were
orrelated  with  improved  motor  and  auditory  skills.  These
ndings  shed  light  on  brain  plasticity  and  suggest  that  struc-
ural  brain  differences  evidenced  in  adult  specialists  are
ikely  due  to  training-induced  brain  plasticity.49 Putkinen
t  al.35 upon  finding  an  increase  in  the  amplitudes  of  mis-
atch  negativity  (MMN)  and  P3a  with  the  increase  in  age  in
usically  trained  children,  with  these  increases  not  being

vident  in  the  initial  stages  of  training,  suggested  that  the
uperior  neural  auditory  discrimination  in  adult  musicians  is
ue  to  training  and  not  to  pre-existing  differences  between
usicians  and  non-musicians.
Regarding  the  procedures  used  to  assess  auditory  pro-

essing  in  the  studies  chosen  for  this  research,  it  was
ound  that  two  of  them  used  only  electrophysiologi-
al  assessment  (ERP), 21,24 while  the  other  three  used
ehavioral  procedures  associated  with  electrophysiologi-
al  assessment.22,23,25 Therefore,  ERPs  were  assessed  in  all
tudies,  which  constitute  a  valuable  tool  for  the  study  of
he  neuronal  activity  generated  during  new  information
rocessing.50

Corroborating  these  findings,  several  studies  that  investi-
ated  the  effects  of  music  and  musical  training,  found  in  the
iterature,  also  used  electrophysiological  procedures  alone,
y  recording  and  analyzing  event-related  potentials,30,32,35,36

hile  other  studies  used  behavioral  assessment  associated
ith  electrophysiological  evaluation.17,37,41 However,  it  was
ossible  to  verify  that  many  studies  were  developed  using
nly  behavioral  methods,9,12,27---29,31,33 which  were  shown  to
e  effective  and  represent  the  positive  effects  of  music  on
he  participants’  auditory  skills.  Although  the  stimuli  used
o  evoke  the  ERP  were  different,  all  of  them  were  able  to
emonstrate  the  superiority  of  the  musicians  regarding  their
uditory  skills.

The  mean  time  of  exposure  to  music  in  the  studies
elected  for  this  systematic  review  varied  considerably  and
one  of  them  aimed  to  compare  the  performance  in  auditory
rocessing  skills  according  to  the  time  of  exposure;  however,
here  is  an  agreement  in  the  literature  that  points  out  that
he  longer  the  time  of  exposure,  the  more  evident  are  the
mprovements  in  auditory  processing  skills.7,17,18 However,
here  is  evidence  that  shows  that  relatively  short  periods  of

usical  training  have  strong  effects  on  the  brain  functional

rganization  in  the  child  population,  consolidating  theories
bout  brain  plasticity.34 1

22
ngology  87  (2021)  217---226

onclusion

onsidering  the  scientific  evidence,  it  was  found  that  the
usical  experience  can  improve  specific  skills  of  the  central

uditory  processing,  regardless  of  age,  optimizing  children’s
inguistic  development.  Moreover,  individuals  exposed  to
usical  experiences  are  able  to  discriminate  spectrally

omplex  acoustic  signals,  in  addition  to  experiencing  an
mprovement  in  short-term  cognitive  processing  and  speech
ecognition  in  noise.

Therefore,  musical  practice  plays  an  important  role  in
he  development  of  auditory  skills,  also  shaping  skills  that
re  indispensable  in  the  social  and  academic  development.
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