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Abstract
Objective:  Enabling  development  of  the  ability  to  communicate  effectively  is  the  principal
objective  of  cochlear  implantation  (CI)  in  children.  However,  objective  and  effective  metrics
of communication  for  cochlear-implanted  Brazilian  children  are  lacking.  The  Functioning  after
Pediatric Cochlear  Implantation  (FAPCI),  a  parent/caregiver  reporting  instrument  developed  in
the United  States,  is  the  first  communicative  performance  scale  for  evaluation  of  real-world
verbal communicative  performance  of  2-5-year-old  children  with  cochlear  implants.  The  pri-
mary aim  was  to  cross-culturally  adapt  and  validate  the  Brazilian-Portuguese  version  of  the
FAPCI. The  secondary  aim  was  to  conduct  a  trial  of  the  adapted  Brazilian-Portuguese  FAPCI
(FAPCI-BP)  in  normal  hearing  (NH)  and  CI  children.
Methods:  The  American-English  FAPCI  was  translated  by  a  rigorous  forward-backward  process.
The FAPCI-BP  was  then  applied  to  the  parents  of  children  with  NH  (n  =  131)  and  CI  (n  =  13),  2-9

years of  age.  Test-retest  reliability  was  verified.
Results:  The  FAPCI-BP  was  confirmed  to  have  excellent  internal  consistency  (Cronbach’s  alpha

> 0.90).  The  CI  group  had  lower  FAPCI  scores  (58.38  ±  22.6)  than  the  NH  group  (100.38  ±  15.2;
p <  0.001,  Wilcoxon  test).
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Conclusion:  The  present  results  indicate  that  the  FAPCI-BP  is  a  reliable  instrument.  It  can  be
used to  evaluate  verbal  communicative  performance  in  children  with  and  without  CI.  The
FAPCI is  currently  the  only  psychometrically-validated  instrument  that  allows  such  measures
in cochlear-implanted  children.
© 2014  Sociedade  Brasileira  de  Pediatria.  Published  by  Elsevier  Editora  Ltda.  All  rights  reserved.
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Adaptação  brasileira  do  questionário  Functioning  Inventory  after  Pediatric  Cochlear
Implantation  (FAPCI):  comparação  entre  crianças com  audição normal  e  com
implante  coclear

Resumo
Objetivo:  O  principal  objetivo  do  implante  coclear  (IC)  em  crianças  é  permitir  o  desenvolvi-
mento da  capacidade  de  se  comunicar  efetivamente.  Contudo,  não  há  objetivo  nem  parâmetros
efetivos  de  comunicação  para  crianças  brasileiras  com  o  implante  coclear.  O  Functioning  after
Pediatric Cochlear  Implantation  (FAPCI),  instrumento  de  relato  dos  pais/prestadores  de  cuida-
dos desenvolvido  nos  Estados  Unidos,  é  a  primeira  escala  de  desempenho  para  avaliação  do
desempenho  comunicativo  verbal  no  mundo  real  de  crianças  de  2-5  anos  de  idade  com  implantes
cocleares.  Nosso  principal  objetivo  era  adaptar  e  validar  a  versão  do  FAPCI  em  português  do
Brasil de  forma  transcultural.  Nosso  objetivo  secundário  era  realizar  um  teste  da  versão  do
FAPCI adaptada  para  o  português  do  Brasil  (FAPCI-PB)  com  grupos  de  crianças  com  audição
normal (AN)  e  IC.
Métodos:  O  FAPCI  em  inglês  norte-americano  foi  traduzido  por  um  processo  rigoroso  de  tradução
e retrotradução.  O  FAPCI-PB  foi,  então,  aplicado  aos  pais  das  crianças  com  AN  (N  =  131)  e  IC
(N =  13)  de  2-9  anos  de  idade.  Foi  verificada  a  confiabilidade  da  reaplicação  do  teste.
Resultados:  Confirmou-se  que  o  FAPCI-PB  tem  excelente  coerência  interna  (alfa  de  Cronbach
> 0,90).  O  grupo  com  IC  apresentou  menores  pontuações  no  FAPCI  (58,38  ±  22,6)  que  o  grupo
com AN  (100,38  ±  15,2;  p  <  0,001,  teste  de  Wilcoxon).
Conclusão:  Esses  resultados  indicam  que  o  FAPCI-PB  é  um  instrumento  confiável.  Pode  ser  uti-
lizado para  avaliar  o  desempenho  comunicativo  verbal  em  crianças  com  e  sem  IC.  O  FAPCI  é,
atualmente,  o  único  instrumento  validado  psicometricamente  que  possibilita  essas  medições
em crianças  com  implante  coclear.
©  2014  Sociedade  Brasileira  de  Pediatria.  Publicado  por  Elsevier  Editora  Ltda.  Todos  os  direitos
reservados.
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Introduction

Cochlear  implantation  (CI)  is  a  treatment  for  severe-to-
profound  bilateral  sensorioneural  hearing  loss,  particularly
for  children  with  congenital  and  perilingual  etiologies.1 It  is
recommended  when  traditional  hearing  aids  (sound  ampli-
fication  appliances)  cannot  enable  sound  discrimination.
Social  communication  is  an  essential  human  capacity  and
oral  language  is  the  most  used  form  of  complex  communica-
tion.  Ample  evidence  has  shown  that  children  who  receive  CI
at  a  very  young  age  are  able  to  develop  better  performance
in  speech  comprehension  and  production  and  achieve  better
academic  and  social  behavior  than  children  treated  later.2

There  is  also  a  growing  evidence  that  children  with  severe-
to-profound  bilateral  hearing  loss  who  receive  CI  bilaterally
can  perform  almost  as  well  as  children  with  normal-hearing
(NH).3 Early  auditory  deprivation,  even  if  partial,  has  a
deleterious  effect  on  language  development  and  on  the

development  of  central  auditory  processing  skills  in  young
children.4

Enabling  hearing  is  the  first  goal  of  CI.  Once  adequate
hearing  has  been  established  with  CI,  the  development  of
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ral  language  is  expected  to  follow.5 Several  factors  can
nfluence  the  outcome  of  CI,  such  as  duration  of  deafness,
ge  at  implantation,  the  speech  rehabilitation  approach
pplied,  and  how  these  factors  interact  to  influence  neu-
al  plasticity.6 Many  variables  influence  this  process,  and  it
s  extremely  important  that  physicians  and  speech  thera-
ists  track  the  performance  and  progress  of  CI  patients  in
he  area  of  language  development.

Several  studies  have  investigated  the  effects  of  implan-
ation  age  and  the  outcome  of  language  development  skills.
ot  surprisingly,  earlier  implantation  has  been  demonstrated
o  lead  to  better  language  outcomes.7,8 Other  factors  that
lay  a  role  in  language  development  after  CI  include  family
nvolvement  in  rehabilitation  therapy  and  the  educational
evel  of  the  family.  Geers  et  al.9 argued  that  children  with
ongenital  deafness  should  receive  CI  no  later  than  2  years
f  age,  while  electrophysiological  studies  and  the  brain  plas-
icity  literature  define  the  critical  period  for  CI  as  extending

10
o  about  3.5  years  of  age. In  successive  studies  of  the  long-
erm  effects  auditory  deprivation  on  language  development,
avidson  et  al.11 found  that  a  long  period  of  deprivation
efore  CI  had  only  a  minor  negative  effect  on  vocabulary
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cquisition,  but  hindered  syntax  and  prosody  severely.  The
anguage  development  of  children  who  received  stimulation
ia  sound  amplification  equipment  and  sign  language  was
etter  following  CI  than  those  who  did  not  receive  such
nterventions,  but  outcomes  are  improved  more  by  early  CI
han  by  these  interventions.11

Electrophysiological  research  by  Gilley  et  al.6 has  shown
hat  children  with  congenital  deafness  who  receive  CI  within
he  critical  maximally  plastic  period  for  central  auditory
athway  development  develop  cortical  electrical  potentials
ith  latencies  that  are  close  to  latencies  observed  in  hearing
hildren  within  six  months  of  stimulation.6 In  contrast,  chil-
ren  with  congenital  deafness  who  received  CI  after  7  years
f  age  show  cortical  electrical  potentials  with  latencies  that
re  consistently  longer  than  those  of  age-matched  children
ith  NH;  outcomes  in  children  who  received  CI  between  3.5
ears  and  7  years  of  age  were  highly  variable.  These  findings
re  consistent  with  prior  neurophysiological  and  functional
maging  studies  in  indicating  a  critical  period  for  neuroplas-
icity  of  the  auditory  system  before  the  age  of  3.5  years.12,13

Families  and  physicians  need  to  be  able  to  deter-
ine  whether  or  not  the  objectives  of  CI  have  been
et.  Traditionally,  clinicians  have  used  speech  percep-

ion  and  discrimination  tests  to  evaluate  communicative
apacity  in  children  following  CI.14 However,  these  measure-
ents  may  not  reflect  the  child’s  ability  to  communicate

n  a  real-world  environment  with  background  noise  and
on-ideal  listening  conditions.15 The  World  Health  Orga-
ization’s  International  Classification  of  Functioning  (ICF)
istinguishes  between  communicative  capacity,  the  abil-
ty  to  communicate  in  a  standardized  environment,  and
ommunicative  performance,  the  ability  to  communicate  in
eal-world  environments.16 Measuring  communicative  per-
ormance  after  CI  is  very  difficult,  particularly  in  young
hildren,  and  this  challenge  has  created  a  demand  for
alidated  assessments  tools.  The  widely  available  question-
aires  used  for  assessment  of  communicative  performance
fter  CI  were  designed  to  measure  communicative  capacity,
hat  is,  the  child’s  ability  to  understand  lexicon,  gram-
ar,  and  syntax.15 Examples  of  this  type  of  instrument

nclude  the  Reynell  Developmental  Language  Scales  (RDLSs),
he  MacArthur  Communicative  Development  Inventories
MCDIs),  and  the  Meaningful  Use  of  Speech  Scale  (MUSS).
he  RDLSs  are  used  to  assess  expressive  and  receptive  lan-
uage,  the  MCDIs  are  used  to  evaluate  lexical  development,
nd  the  MUSS  is  used  to  assess  oral  language  use  in  children
ith  hearing  impairments.  Communicative  capacity  can  be
easured  in  a  clinical  setting,  but  such  testing  is  not  suf-
cient  to  establish  whether  patients  are  able  to  use  their
ommunication  skills  well  enough  to  function  in  a  normal
ocial  environment  in  their  daily  lives.15

Currently,  there  are  no  instruments  with  reliable  param-
ters  that  can  be  used  to  evaluate  the  communicative
erformance  of  pediatric  cochlear  implant  users  in  Brazilian
ortuguese.  Children  who  have  received  CI  in  Brazil  are  still
valuated  primarily  in  terms  of  the  results  of  auditory  and
anguage  assessments  applied  in  an  isolated  environment.17

peech  perception  and  language  skills  are  measured  by

irect  behavioral  observation  or,  more  commonly,  a  proxy
ssessment,  such  as  the  MUSS  or  RDLSs,  mentioned  above,
r  the  Infant-Toddler  Meaningful  Auditory  Integration  Scale
or  children  younger  than  24  months.

P

T
C

Vassoler  T,  Cordeiro  ML

To  improve  auditory  (re)habilitation  such  that  commu-
icative  performance  of  children  with  CI  is  maximized,
here  needs  to  be  a  sufficient  understanding  of  the  instru-
ents’  functional  limitations.18 The  Functioning  Inventory

fter  Pediatric  Cochlear  Implantation  (FAPCI)  instrument
as  developed  in  the  USA,  in  American  English,  to  enable
ore  objective  evaluation  of  the  auditory  communica-

ive  performance  of  2-5-year-old  children  with  CI.  It  was
esigned  to  probe  the  child’s  use  of  communication  skills  in
is  or  her  interactions  with  linguistically  fluent  individuals.18

The  Speech,  Spatial,  and  Qualities  of  Hearing  Scale
SSQ)19 is  a  widely  used  structured  scale  that  evaluates  hear-
ng  ability  in  everyday  situations.  Originally  designed  for
dults,  it  has  been  adapted  for  use  with  children,  parents,
nd  teachers.20 It  is  composed  of  three  sections,  A,  B,  and  C.
ection  A  assesses  the  ability  of  the  individual  to  understand
ral  language  in  a quiet  setting,  with  background  noise,  in
everberant  environments,  and  on  the  phone.  Section  B  eval-
ates  how  well  an  individual  perceives  his  or  her  position
nd  movement  away  from  a sound  source.  Section  C  asks
he  individual  to  identify  sounds  and  voices  with  the  aim
f  determining  whether  sounds  can  be  understood  and  seg-
egated  with  ease.  SSQ  findings  are  relevant  for  receptive
anguage  assessment,  but  the  SSQ  does  not  provide  infor-
ation  about  expressive  language  or  the  quality  of  oral

anguage  communication,  as  the  FAPCI  does.  Furthermore,
he  SSQ  was  developed  for  adults  and  then  adapted  to  a
arent/teacher  version  for  proxy  assessment  of  5-11-year-
ld  children,  and  adapted  to  a  self-report  child  version  for
hildren  over  11  years  old.  Hence,  the  SSQ  is  not  suitable
or  use  with  children  in  the  2-5-year-old  age  band,  whereas
he  FAPCI  is.

The  FAPCI  models  various  situations  of  everyday  life,
nd  allows  communicative  performance  to  be  assessed  by
rofessional  care  providers  or  family  members.18 The  instru-
ent  consists  of  a  23-item  questionnaire  that  is  answered
y  parents  or  guardians  probing  the  language  development
f  children  with  cochlear  implants  who  are  in  the  2-5-
ear-old  age  band.  Respondents  answer  questions  with  a
ve-point  scale.  The  FAPCI  is  being  utilized  in  several  ongo-

ng  NIH-funded  studies  of  pediatric  CI  and  has  already  been
ranslated  into  German.21 There  is  no  child  self-report  ver-
ion  of  the  FAPCI.

A  series  of  studies  carried  out  by  the  group  that  devel-
ped  the  FAPCI15,22,23 showed  that  despite  the  establishment
f  good  communicative  capacity,  children  with  CI  were  not
ommunicating  on  par  with  their  peers  and  were  struggling
o  communicate  with  oral  language  in  social  environments,
ncluding  school.  Therefore,  the  primary  aim  of  this  study
as  to  translate,  adapt,  and  test  the  reliability  of  the  FAPCI

or  use  with  Brazilian  children.  The  second  aim  of  this
ork  was  to  test  the  sensitivity  of  the  FAPCI  translated  and
dapted  to  Brazilian  Portuguese  (FAPCI-BP)  in  the  evalua-
ion  of  language  development  in  NH  children  versus  children
sing  CI.

ethods
articipants

his  research  was  approved  by  the  Institutional  Research
ommittee  for  Human  Subjects.  The  study  included  children
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Table  1  Demographic  summary  of  study  subjects.

Variables  Participants

NH  CI

Sex
Girls  50  4
Boys 81  9

Age (years)
2---4  84  5
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5---9 47  8

NH, normal hearing; CI, cochlear implantation.

between  2  and  9  years  of  age,  of  both  sexes,  who  were
treated  as  outpatients  at  the  Pequeno  Príncipe  Children’s
Hospital  in  the  city  of  Curitiba,  Brazil.  The  CI  sample
included  children  aged  2-9  years  who  had  undergone  CI
and  had  been  living  with  activated  implants  for  at  least  six
months.  The  NH  group  consisted  of  similarly  aged  children
with  no  otological,  neurological,  or  neuropsychiatry  com-
plaints.  Parents  or  guardians  accompanying  the  children
provided  written  informed  consent  and  answered  the  FAPCI-
BP.  Table  1  summarizes  the  demographic  characteristics  of
the  children  in  the  NH  and  CI  groups,  and  Table  2  details  the
clinical  characteristics  of  the  CI  participants.  The  FAPCI-BP
was  completed  by  a  total  of  131  parents  of  144  children.
The  clinical  characteristics  of  the  13  cochlear-implanted
children  of  the  CI  group  are  summarized  in  Table  3.

Procedures

A  two-step  strategy  was  implemented:  (1)  translation,
retro-translation,  and  adaptation  of  the  FAPCI;  and  (2)
administration  of  the  FAPCI-BP  to  children  with  CI  and  chil-
dren  with  NH.
FAPCI

The  FAPCI  is  a  23-item  written  questionnaire  designed  to
measure  verbal  communicative  performance  in  children  2
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Table  2  Clinical  characteristics  of  CI  group  participants.

Subject  Diagnosis  type  Age  at  CI  (y

1  Idiophatic  6.8  

2 Genetic  3.8  

3 Idiopathic  3.2  

4 Congenital  Rubella  4.9  

5 Meningitis  2.1  

6 Idiopathic  2.5  

7 Neonatal  hypoxia  1.9  

8 Genetic  2.9  

9 Meningitis  2.0  

10 Idiophatic  4.4  

11 Idiophatic  3.3  

12 Cochlear  nerve  hypoplasia  3.7  

13 Idiophatic  2.0  

CI, cochlear implantation; FAPCI, Functioning after Pediatric Cochlear 
ldren  163

o  5  years  of  age  after  CI.18 It  is  completed  by  the  par-
nts  or  the  guardians  of  the  subjects  and  can  be  finished
n  about  5-10  minutes.  There  are  three  response  mode  for-
ats:  frequency  (response  levels  never,  rarely,  sometimes,

ften,  always);  quantity/proportion  (number  or  percent-
ge  of  occurrences,  e.g.  0-4%,  5-24%,  25-49%,  50-95%,  or
6-100%);  and  examples  (responses  offer  descriptions  or
xamples  of  behaviors,  and  levels  correspond  to  an  ordinal
cale).15 Each  answered  item  is  translated  into  a  score  ran-
ing  from  1  point  (e.g.  for  never)  to  5  points  (e.g.  always),
egardless  of  the  type  of  question,  and  the  unanswered  ques-
ions  are  scored  as  0  points,  yielding  a  maximum  total  score
f  115.  If  the  number  of  unanswered  questions  exceeds  two,
he  questionnaire  is  considered  invalid.  If  more  than  one
nswer  is  marked,  the  higher  answer  is  taken.  Mean  scores
ere  compared  between  the  two  groups  and  reported  with

tandard  deviations  (SDs).  This  instrument  was  developed
o  complement  other  tests  of  spoken  language  competence
o  enable  assessment  of  communicative  capacity  in  children
ith  CI.

tep  1:  Cross-cultural  adaptation  and  validation  process
uthorization  by  the  original  instrument’s  author  for  the
ranslation,  adaptation,  and  validation  of  the  FAPCI  for  the
razilian  population  was  obtained,  and  the  process  was  con-
ucted  in  accordance  with  the  guidelines  established  by
eaton  et  al.24 The  FAPCI  was  translated  from  English  to
ortuguese  by  a  professional  translator  familiar  with  both
anguages.  Small  changes  were  necessary  in  order  to  adapt
he  verbiage  to  Brazilian  culture,  but  the  original  essence
f  the  questions  was  maintained  as  much  as  possible.  The
APCI-BP  is  presented  in  its  entirety  as  an  appendix  with  the
pproval  of  the  developers.

The  adapted  questionnaire  was  sent  to  another  pro-
essional  translator  who  was  unfamiliar  with  the  original
uestionnaire  for  retro-translation  into  English.  An  equiv-
lence  of  construction  analysis  was  performed  in  which
he  original  and  retro-translated  English  versions  were

ompared  to  determine  whether  there  were  significant  dif-
erences  in  the  content  of  the  questions,  that  is,  whether
he  FAPCI-BP  was  faithful  to  the  structure  of  the  original
uestionnaire.

ears)  Hearing  time  (years)  FAPCI  score

2.3  43
2.8  87
2.1  35
1.5  67
4.7  70
1.7  40
1.6  88
4.5  74
1.1  31
1.4  67
1.7  87
0.5  28
1.1  42

Implantation.
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Table  3  Item  changes  in  the  adaptation  of  the  FAPCI  to  Brazilian  Portuguese.

Item  Original  English  Initial  Portuguese  Adaptation  Final  Portuguese

11  ...an  adult  not
familiar  with  your
child...

...um  adulto  não
familiarizado  com  a
criança...

...an  adult  that  does
not  know  well  your
child...

...um  adulto  que  não
conhece  bem  a
criança...

14 ...mostly
understandable
words...

...canta  usando
algumas  palavras
inteligíveis.

...mostly
comprehensible
words...

...canta  usando  algumas
palavras  compreensíveis.

16 Inverted  questions  Questões  invertidas  Inverted  questions  do
not  exist  in
Portuguese

(item  omitted)

18---20 ...understanding  of
spoken  language
without  visual...

...criança  da
linguagem  falada...

...understanding  of
spoken  language
between  him/her  and
you without...

...criança  da  linguagem
falada  entre  você  e
ela...

23 How
many...commands...

Quantos  comandos
falados...

How
many...commands  or
orders...

Quantas  ordens  ou
comandos  falados...
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FAPCI, Functioning after Pediatric Cochlear Implantation.

To  test  for  internal  consistency,  a  subgroup  of  34  parents
f  children  with  NH  and  13  parents  of  children  with  CI  com-
leted  the  FAPCI-BP  twice  with  a  time  interval  of  at  least
wo  weeks,  but  not  more  than  one  month.  Cronbach’s  alpha
as  used  to  verify  the  internal  consistency  of  the  instru-
ent’s  items  between  the  first  and  second  runs.  A  construct

an  be  validated  indirectly  with  an  internal  base  of  consis-
ency  or  no  relation  between  the  questions  that  make  up
art  of  the  scale,  allowing  the  conclusion  that  the  scale  has

 valid  construction.15 Cronbach’s  alpha  coefficient  is  the
implest  and  best-known  measure  of  internal  consistency,
nd  is  the  primary  approach  used  in  scale  validation.  In  gen-
ral,  a  group  of  items  that  explore  a  common  factor  should
ave  a  high  alpha  value.  The  minimum  acceptable  value  for
he  alpha  coefficient  is  0.70;  alpha  values  greater  than  0.80
re  preferable.25

tep  2:  Applicability  of  the  FAPCI-BP
he  FAPCI-BP  was  answered  by  parents  of  NH  children
nd  parents  of  CI  children.  The  results  were  subjected
o  statistical  analyses  in  R  software,  version  3.0.1  (R
roject  for  Statistical  Computing,  University  of  California,
A,  USA).  The  data  were  verified  in  relation  to  normality
nd  descriptive  analyses  using  Wilcoxon  tests.  Comparisons
ere  considered  significant  when  they  had  two-tailed  p-
alues  <  .001.

esults

daptation  and  internal  consistency

fter  comparison  of  the  retro-translation  to  the  original
nglish  and  consideration  of  cultural  linguistic  use,  it  was
etermined  that  several  items  needed  to  be  adapted  and

ne  item  needed  to  be  withdrawn  (question  16),  as  shown
n  Table  1,  to  obtain  a  final  version  of  the  adapted  question-
aire  that  was  consistent  with  the  original.  The  Cronbach’s
lpha  for  internal  consistency  was  0.948  for  the  NH  group

F
o
a

nd  0.964  for  the  CI  group,  with  no  questions  observed  to
e  outside  the  expected  average,  indicating  that  the  instru-
ent  had  good  internal  consistency.

APCI-BP  trial

omparison  of  the  groups’  overall  mean  scores  ±  SDs
evealed  that  the  NH  group  performed  significantly  bet-
er  on  the  FAPCI-BP  (100.38  ±  23.5)  than  did  the  CI
roup  (63.00  ±  21.0;  p  <  .001,  Wilcoxon  test).  The  mean
cores  ±  SDs  obtained  for  children  in  the  NH  group  divided
y  chronological  age  are  reported  in  Table  3  together  with
core  data  for  children  in  the  CI  group,  separated  by  chrono-
ogical  age  and  the  children’s  ages  at  the  time  hearing  was
stablished.  The  mean  scores  by  age  of  hearing  within  each
ge  year  bin  are  presented  as  means  without  SDs,  since  the
ubgroups  were  small  and  irregular.  The  group  medians  and
istributions  are  illustrated  in  a  boxplot  graph  in  Fig.  1.

iscussion

he  goal  of  CI  is  not  only  that  children  will  gain  functional
uditory  processing  skills,  but  also  that  they  will  develop  the
kills  needed  to  communicate  effectively  with  spoken  lan-
uage.  The  FAPCI  is  the  only  currently  available  instrument
hat  allows  the  impact  of  CI  on  communication  skills  to  be
easured  in  children  2-5  years  old.  The  present  study  pro-
uced  a Portuguese-language  FAPCI  version  adapted  for  use
n  the  Brazilian  population  (see  appendix  for  the  final  version
f  FAPCI-BP).  Consistent  with  the  American18 and  German21

ersions,  the  Brazilian  FAPCI  had  excellent  internal  consis-
ency  (Cronbach’s  alpha  >  0.90).  Additionally,  the  expected
ap  in  communicative  performance  was  observed  between
hildren  with  CI  and  children  with  NH.
After  translation  and  retro-translation  of  the  original
APCI,  very  few  questions  needed  cultural  adaptation,  and
nly  one  item  was  omitted  (question  16).  The  Cronbach’s
lpha  value  for  internal  consistency  that  was  obtained  for
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Figure  1  Box  plot  of  FAPCI-BP  trial  scores  for  NH  and  CI
groups.  Wilcoxon  test  demonstrated  that  the  performance  of
the two  groups  differed  significantly.
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of  the  families  in  the  treatment,  and  assess  whether  the
FAPCI,  Functioning  after  Pediatric  Cochlear  Implantation;  NH,
normal hearing;  CI,  cochlear  implantation.

the  22-item  FAPCI-BP  was  similar  to  that  of  the  original  23-
item  version,  which  was  validated  in  a  study  of  75  families
(alpha  =  0.86).18,25 The  alpha  value  serves  as  an  index  of  an
instrument’s  reliability  in  situations  where  the  researcher  is
not  able  to  perform  additional  interviews  of  the  individuals
in  question,  but  requires  an  estimate  of  the  average  degree
of  error.25

Examining  the  scores  by  age  enabled  several  inferences
to  be  made.  Firstly,  it  was  noticed  that  FAPCI-BP  perfor-
mance  was  relatively  stable  across  ages  within  the  NH  group,
especially  among  children  from  age  3  through  8  years.  Only
the  youngest  (2-year-olds)  and  oldest  (9-year-olds)  had  non-
overlapping  SDs,  which  is  not  altogether  surprising  given
that,  normally,  children  exhibit  a  great  linguistic  expansion
between  2  and  3  years  of  age  and  are  still  developing  basic
linguistic  skills.  Regardless,  there  was  at  least  one  child
within  each  age  year  bin  achieved  the  maximum  possible
score  (115).  The  greater  the  age,  the  more  children  achieved
the  maximum  possible  score.  Yet,  even  in  the  upper  age
groups,  there  were  always  some  children  that  performed
below  the  maximum,  raising  the  question  of  whether  the
instrument  may  also  be  valid  beyond  the  stated  upper  limit
of  9  years  of  age.  Regardless,  it  should  be  noted  that  there
were  quite  small  numbers  of  children  in  the  age  7-,  8-,  and
9-year  subgroups.  Thus,  the  data  for  those  subgroups  is  likely
less  reliable  than  the  data  for  the  lower  age  subgroups,
which  were  substantially  larger.

The  comparison  of  scores  between  the  NH  and  CI  groups
demonstrated  a  significant  lingering  communicative  deficit
among  children  with  CI.  Moreover,  examining  the  scores  of
the  individual  children  with  CI,  it  is  apparent  that  they
had  not  achieved  communicative  performance  on  par  with
their  peers,  There  are  several  factors  that  may  affect  the
ability  of  children  with  CI  to  achieve  optimum-level  commu-
nicative  performance,  including  age  of  onset  of  deafness,

age  at  CI  activation,  use  of  speech  therapy/rehabilitation,
underlying  pathology,  and  the  presence  of  other  disabili-
ties,  not  to  mention  inter-individual  variation  in  general,
which  can  be  substantial.26 Age  of  implantation  appears  to
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e  a  particularly  important  factor  in  language  outcome.
hildren  implanted  when  they  were  16---24  months  of  age
ad  Preschool  Language  Scale  scores  matching  their  hearing
eers  at  ages  4  and  6.7 In  the  present  study,  only  one  child
eceived  CI  before  24  months  of  age,  and  only  three  children
eceived  CI  at  approximately  24-25  months  old.  The  major-
ty  of  participants  in  this  study  received  CI  after  3  years  of
ge.  Thus,  the  comparison  of  NH  and  CI  groups  can  be  con-
idered  preliminary;  more  studies  are  needed  with  a  larger
ample  of  CI  children  receiving  CI  before  24  months  of  age.

It  is  expected  that  the  sooner  the  CI  is  performed,  the
etter  the  outcome  will  be.  The  present  study’s  CI  group  was
uite  heterogeneous  in  terms  of  age  of  CI,  pathology,  and
earing  rehabilitation.  Most  children  in  the  CI  group  were
mplanted  and  activated  between  3  and  4  years  of  age,  which
s  considered  borderline  for  the  critical  period  of  auditory
athway  development  in  the  brain.  Two  of  the  children  (No.

 and  No.  9)  lost  their  hearing  as  a  sequela  of  meningitis  very
arly  in  life,  when  they  were  considered  to  be  prelingual.
he  critical  period  for  language  development  is  thought  to
nd  at  about  3.5  years  of  age  for  children  with  congenital
eafness;  children  who  received  CI  after  their  fourth  birth-
ay  show  greater  variation  in  outcome  than  children  who
eceived  CI  when  they  were  younger  than  4  years  old.17,21

To  minimize  the  duration  of  deafness  and  lack  of  crit-
cal  auditory  stimulation,  CI  surgery  should  be  performed
efore  2  years  of  age.27,28 However,  even  when  impairment
s  detected  with  a  newborn  hearing  test,  progression  of
eferrals  to  hearing  specialists  in  Brazil  can  be  quite  slow
nd  the  frequency  of  CIs  performed  is  inadequate  in  many
laces  (i.e.  two  per  month  in  the  state  of  Paraná,  only  one
er  month  each  at  the  Pequeno  Príncipe  Hospital  and  the
ospital  das  Clínicas,  personal  communication).  Although
I  is  covered  by  the  Brazilian  public  health  system,  chil-
ren  needing  CI  often  have  aged  beyond  the  critical  period
or  optimum  results  by  the  time  they  receive  the  interven-
ion,  due  to  long  waiting  times.  Newborn  screening  programs
n  Brazil  are  also  inadequate.  It  is  particularly  important
or  infants  to  be  screened  in  neonatal  intensive  care  units,
iven  their  elevated  prevalence  of  affected  newborns.  For
xample,  one  study  reported  that,  among  979  newborns  in
n  intensive  care  unit,  10.2%  presented  with  unilateral  and
.9%  presented  with  bilateral  auditory  brainstem  response
mpairments.29

Furthermore,  after  CI,  children  should  commence  imme-
iately  with  auditory  rehabilitation  and  proper  speech
herapy,  in  addition  to  stimulation  by  the  family  through
ommunicative  experiences.  Children  are  subjected  to  a
ariety  of  therapies,  which  are  not  always  the  most  suitable
or  rehabilitation  from  deafness  and  language  development.
peech  therapists  are  not  present  in  every  city,  and  even
hen  properly  trained  therapists  are  present,  often  there
re  not  a  sufficient  number  to  accommodate  the  need.  More-
ver,  it  is  important  that  the  therapy  be  individualized  to
eet  the  specific  needs  of  each  child  and  be  of  sufficient
uration  to  allow  the  child  to  absorb  the  treatment.

In  evaluations  of  candidates  for  CI,  psychologists  and
ocial  workers  consider  the  commitment  and  involvement
amilies  are  capable  of  bearing  the  expense  of  maintain-
ng  the  appliance.  Rechargeable  batteries  have  reduced
he  expenses.  However,  in  order  to  conserve  batteries  and
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elay  replacement,  some  children  do  not  use  their  implants
hroughout  the  day,  but  rather  turn  them  on  only  when  they
re  in  school.  Another  difficult  issue  for  families  is  the  cost
f  spare  parts,  such  as  cables  and  antennas,  which  when
amaged  prevent  the  use  of  the  implants,  leaving  children
ithout  auditory  stimulation.

This  study  has  some  limitations.  First,  because  the  sam-
le  of  CI  children  was  small  and  heterogeneous,  it  is  not
ossible  to  extrapolate  the  results  to  all  CI  children.  Clearly,
arger  studies  are  needed  to  enable  multiple  variables  to
e  controlled.  Also,  studies  comparing  FAPCI-BP  results  with
he  results  of  traditional  widely-used  tests  of  language  use
re  needed,  since  the  FAPCI-BP  is  a  new  instrument.  In  prin-
iple,  it  is  expected  that  FAPCI-BP  scores  should  increase
ithin  children  with  implants  over  time  in  relation  to

ncreases  in  cumulative  therapy  and  stimulation  experience,
s  observed  with  the  American18 and  German  versions.21

ikewise,  the  FAPCI-BP  should  be  useful  for  phonoaudilogical
onitoring  of  patients,  particularly  in  relation  to  revealing
hich  communicability  areas  may  be  lagging.  The  aforemen-

ioned  limitations  notwithstanding,  this  study  established
 Brazilian  version  of  the  FAPCI  with  excellent  internal
onsistency.  Second,  even  though  the  FAPCI  was  designed
riginally  to  test  the  communicative  skills  of  children  in  the
-5-year-old  age  band,  this  study  included  older  children,  up
o  9  years  of  age.  This  was  done  in  order  to  compare  their
APCI-BP  results  with  results  obtained  for  NH  children,  sim-
lar  to  previous  studies  validating  other  versions  the  FAPCI
hich  included  subjects  up  to  10  years  of  age.21 The  scores
f  the  small  number  of  children  over  5  years  old  examined
ere  did  not  appear  to  differ  markedly  from  the  scores  of
ounger  children.  This  result  is  not  surprising  given  that,
ormally,  the  bulk  of  fundamental  language  development  is
hought  to  occur  by  the  age  of  5  years.6

In  conclusion,  the  recently  developed  FAPCI-BP  is  the
rst  instrument  to  allow  functional  language  development
o  be  measured  in  Brazilian  children  using  cochlear  implants.
fter  translation  and  adaption,  the  FAPCI-BP  showed  excel-

ent  internal  consistency  and  demonstrated  the  expected
ap  between  NH  and  CI  groups,  indicating  that  it  is  valid  for
se  in  Brazilian  children.  This  work  paves  the  way  for  future
tudies  in  Brazil,  such  as  applying  the  FAPCI-BP  to  develop
core  growth  curves  in  NH  children  to  serve  as  framework
or  interpreting  scores  in  children  with  CI.  Although  the
umber  of  subjects  with  CI  in  this  study  was  small,  it  was
ossible  to  establish  that  the  FAPCI-BP  could  be  very  useful
o  Brazilian  physicians  and  healthcare  providers  as  a  reli-
ble  metric  of  the  development  of  communication  skills  in
heir  CI  patients.  The  FAPCI-BP  may  be  particularly  useful
or  clarifying  diagnoses  as  well  as  for  directing  and  revising
ehabilitative  plans,  and  thus  bettering  the  prospects  of  a
ood  quality  of  life  for  children  with  CI.

unding

ecretaria  da  Ciência,  Tecnologia  e  Ensino  Superior  do
araná  (SETI-PR).
onflicts of interest

he  authors  declare  no  conflicts  of  interest.

1

1

Vassoler  T,  Cordeiro  ML

cknowledgments

his  study  was  supported  by  the  Department  of  Science  and
echnology  of  the  State  of  Paraná.  The  authors  thank  psy-
hologist  Cassia  Benko  for  her  assistance,  and  the  children
nd  their  families  for  participating  in  the  study.  They  also
hank  Dr.  John  K.  Niparko  for  providing  the  opportunity  to
ranslate  and  adapt  the  FAPCI  to  Portuguese.

eferences

1. Bradham T, Jones J. Cochlear implant candidacy in the United
States: prevalence in children 12 months to 6 years of age. Int
J Pediatr Otorhinolaryngol. 2008;72:1023---8.

2. Anderson I, Weichbold V, D’Haese PS, Szuchnik J, Quevedo MS,
Martin J, et al. Cochlear implantation in children under the age
of two --- what do the outcomes show us? Int J Pediatr Otorhino-
laryngol. 2004;68:425---31.

3. Hyppolito MA, Bento RF. Directions of the bilateral cochlear
implant in Brazil. Braz J Otorhinolaryngol. 2012;78:2---3.

4. Chevrie-Muller C, Narbona J, editors. linguagem da criança:
aspectos normais e patológicos. 2nd ed Porto Alegre: Artmed;
2005.

5. Grieco-Calub TM, Saffran JR, Litovsky RY. Spoken word recogni-
tion in toddlers who use cochlear implants. J Speech Lang Hear
Res. 2009;52:1390---400.

6. Gilley PM, Sharma A, Dorman MF. Cortical reorganization in chil-
dren with cochlear implants. Brain Res. 2008;1239:56---65.

7. Nicholas JG, Geers AE. Will they catch up? The role of age at
cochlear implantation in the spoken language development of
children with severe to profound hearing loss J Speech Lang
Hear Res. 2007;50:1048---62.

8. Richter B, Eissele S, Laszig R, Löhle E. Receptive and expres-
sive language skills of 106 children with a minimum of 2 years’
experience in hearing with a cochlear implant. Int J Pediatr
Otorhinolaryngol. 2002;64:111---25.

9. Geers AE, Nicholas JG, Moog JS. Estimating the influence of
cochlear implantation on language development in children.
Audiol Med. 2007;5:262---73.

0. Sharma A, Dorman MF, Spahr AJ. A sensitive period for the
development of the central auditory system in children with
cochlear implants: implications for age of implantation. Ear
Hear. 2002;23:532---9.

1. Davidson LS, Geers AE, Blamey PJ, Tobey EA, Brenner CA.
Factors contributing to speech perception scores in long-term
pediatric cochlear implant users. Ear Hear. 2011;32:19S---26S.

2. Coez A, Zilbovicius M, Ferrary E, Bouccara D, Mosnier I,
Ambert-Dahan E, et al. Cochlear implant benefits in deafness
rehabilitation: PET study of temporal voice activations. J Nucl
Med. 2008;49:60---7.

3. Eggermont JJ, Ponton CW. Auditory-evoked potential studies of
cortical maturation in normal hearing and implanted children:
correlations with changes in structure and speech perception.
Acta Otolaryngol. 2003;123:249---52.

4. Vidas S, Hassan R, Parnes LS. Real-life performance con-
siderations of four pediatric multi-channel cochlear implant
recipients. J Otolaryngol. 1992;21:387---93.

5. Clark JH, Aggarwal P, Wang NY, Robinson R, Niparko JK, Lin
FR. Measuring communicative performance with the FAPCI
instrument: preliminary results from normal hearing and
cochlear implanted children. Int J Pediatr Otorhinolaryngol.
2011;75:549---53.
6. World Health Organization (WHO). International classification
of functioning disability and health. Geneva: WHO; 2001.

7. Silva MP, Comerlatto Junior AA, Bevilacqua MC, Lopes-Herrera
SA. Instruments to assess the oral language of children fitted

http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0005
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0005
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0005
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0005
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0005
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0005
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0005
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0005
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0005
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0005
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0005
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0005
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0005
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0005
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0005
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0005
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0005
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0005
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0005
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0005
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0005
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0005
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0005
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0005
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0005
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0005
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0005
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0005
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0005
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0005
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0005
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0005
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0010
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0010
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0010
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0010
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0010
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0010
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0010
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0010
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0010
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0010
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0010
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0010
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0010
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0010
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0010
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0010
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0010
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0010
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0010
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0010
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0010
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0010
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0010
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0010
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0010
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0010
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0010
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0010
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0010
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0010
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0010
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0010
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0010
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0010
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0010
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0010
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0010
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0010
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0010
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0010
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0010
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0010
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0010
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0010
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0010
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0015
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0015
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0015
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0015
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0015
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0015
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0015
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0015
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0015
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0015
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0015
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0015
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0015
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0015
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0015
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0015
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0015
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0015
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0015
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0015
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0015
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0020
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0020
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0020
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0020
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0020
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0020
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0020
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0020
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0020
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0020
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0020
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0020
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0020
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0020
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0020
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0020
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0020
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0020
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0020
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0020
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0020
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0020
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0020
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0025
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0025
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0025
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0025
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0025
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0025
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0025
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0025
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0025
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0025
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0025
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0025
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0025
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0025
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0025
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0025
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0025
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0025
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0025
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0025
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0025
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0025
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0025
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0025
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0025
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0025
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0025
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0025
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0025
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0030
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0030
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0030
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0030
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0030
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0030
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0030
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0030
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0030
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0030
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0030
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0030
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0030
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0030
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0030
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0030
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0030
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0030
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0030
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0030
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0030
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0030
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0030
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0035
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0035
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0035
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0035
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0035
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0035
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0035
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0035
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0035
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0035
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0035
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0035
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0035
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0035
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0035
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0035
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0035
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0035
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0035
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0035
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0035
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0035
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0035
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0035
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0035
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0035
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0035
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0035
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0035
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0035
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0035
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0035
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0035
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0035
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0035
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0035
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0035
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0035
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0035
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0035
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0040
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0040
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0040
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0040
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0040
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0040
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0040
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0040
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0040
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0040
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0040
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0040
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0040
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0040
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0040
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0040
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0040
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0040
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0040
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0040
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0040
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0040
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0040
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0040
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0040
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0040
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0040
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0040
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0040
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0040
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0040
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0040
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0040
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0040
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0040
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0040
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0040
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0040
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0040
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0040
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0040
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0045
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0045
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0045
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0045
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0045
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0045
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0045
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0045
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0045
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0045
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0045
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0045
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0045
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0045
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0045
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0045
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0045
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0045
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0045
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0045
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0045
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0045
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0045
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0045
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0050
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0050
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0050
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0050
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0050
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0050
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0050
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0050
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0050
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0050
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0050
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0050
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0050
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0050
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0050
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0050
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0050
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0050
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0050
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0050
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0050
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0050
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0050
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0050
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0050
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0050
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0050
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0050
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0050
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0050
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0050
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0050
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0050
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0050
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0050
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0050
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0055
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0055
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0055
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0055
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0055
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0055
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0055
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0055
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0055
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0055
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0055
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0055
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0055
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0055
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0055
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0055
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0055
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0055
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0055
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0055
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0055
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0055
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0055
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0055
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0055
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0055
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0055
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0055
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0055
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0055
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0055
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0060
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0060
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0060
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0060
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0060
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0060
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0060
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0060
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0060
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0060
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0060
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0060
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0060
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0060
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0060
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0060
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0060
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0060
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0060
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0060
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0060
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0060
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0060
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0060
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0060
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0060
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0060
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0060
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0060
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0060
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0060
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0060
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0060
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0060
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0065
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0065
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0065
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0065
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0065
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0065
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0065
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0065
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0065
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0065
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0065
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0065
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0065
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0065
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0065
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0065
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0065
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0065
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0065
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0065
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0065
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0065
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0065
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0065
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0065
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0065
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0065
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0065
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0065
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0065
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0065
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0065
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0065
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0070
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0070
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0070
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0070
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0070
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0070
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0070
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0070
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0070
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0070
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0070
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0070
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0070
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0070
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0070
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0070
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0070
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0070
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0070
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0070
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0070
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0070
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0070
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0070
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0070
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0070
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0070
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0075
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0075
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0075
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0075
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0075
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0075
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0075
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0075
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0075
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0075
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0075
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0075
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0075
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0075
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0075
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0075
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0075
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0075
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0075
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0075
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0075
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0075
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0075
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0075
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0075
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0075
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0075
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0075
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0075
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0075
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0075
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0075
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0075
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0075
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0075
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0075
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0075
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0075
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0075
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0075
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0075
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0075
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0075
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0080
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0080
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0080
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0080
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0080
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0080
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0080
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0080
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0080
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0080
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0080
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0080
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0080
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0080
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0080
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0085
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0085
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0085
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0085
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0085
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0085
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0085
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0085
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0085
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0085
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0085
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0085
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0085
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0085
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0085
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0085
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0085
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0085
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0085


n  chi

2

2

2

2

2

2

Communicative  performance  in  cochlear-implanted  Brazilia

with a cochlear implant: a systematic review. J Appl Oral Sci.
2011;19:549---53.

18. Lin FR, Ceh K, Bervinchak D, Riley A, Miech R, Niparko
JK. Development of a communicative performance scale
for pediatric cochlear implantation. Ear Hear. 2007;28:
703---12.

19. Gatehouse S, Noble W. The Speech. Spatial and Qualities of
Hearing Scale (SSQ) Int J Audiol. 2004;43:85---99.

20. Galvin KL, Noble W.  Adaptation of the Speech Spatial, and
Qualities of Hearing Scale for use with children, parents,
and teachers. Cochlear Implants Int. 2013 [Epub ahead of
print].

21. Grugel L, Streicher B, Lang-Roth R, Walger M, von Wedel H,
Meister H. Development of a German version of the Function-
ing After Pediatric Cochlear Implantation (FAPCI) questionnaire.
HNO. 2009;57:678---84.
22. Clark JH, Wang NY, Riley AW,  Carson CM, Meserole RL, Lin
FR, et al. Timing of cochlear implantation and parents’ global
ratings of children’s health and development. Otol Neurotol.
2012;33:545---52.

2

ldren  167

3. Ganek H, McConkey Robbins A, Niparko JK. Language out-
comes after cochlear implantation. Otolaryngol Clin North Am.
2012;45:173---85.

4. Beaton DE, Bombardier C, Guillemin F, Ferraz MB. Guidelines
for the process of cross-cultural adaptation of self-report meas-
ures. Spine (Phila Pa 1976). 2000;25:3186---91.

5. Cronbach LJ. Coefficient alpha and the internal structure of
test. Psychometrika. 1951;16:297---334.

6. Lin FR, Wang NY, Fink NE, Quittner AL, Eisenberg LS, Tobey
EA, et al. Assessing the use of speech and language measures
in relation to parental perceptions of development after early
cochlear implantation. Otol Neurotol. 2008;29:208---13.

7. Geers AE. Speech, language, and reading skills after early
cochlear implantation. Arch Otolaryngol Head Neck Surg.
2004;130:634---8.

8. Baumgartner WD, Pok SM, Egelierler B, Franz P, Gstoettner W,

Hamzavi J. The role of age in pediatric cochlear implantation.
Int J Pediatr Otorhinolaryngol. 2002;62:223---8.

9. Lima GM, Marba ST, Santos MF. Hearing screening in a neonatal
intensive care unit. J Pediatr (Rio J). 2006;82:110---4.

http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0085
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0085
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0085
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0085
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0085
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0085
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0085
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0085
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0085
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0085
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0085
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0085
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0085
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0085
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0085
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0085
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0085
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0090
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0090
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0090
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0090
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0090
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0090
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0090
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0090
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0090
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0090
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0090
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0090
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0090
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0090
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0090
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0090
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0090
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0090
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0090
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0090
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0090
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0090
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0090
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0090
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0090
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0090
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0090
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0090
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0090
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0090
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0090
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0095
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0095
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0095
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0095
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0095
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0095
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0095
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0095
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0095
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0095
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0095
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0095
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0095
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0095
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0095
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0095
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0095
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0095
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0095
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0095
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0095
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0095
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0100
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0100
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0100
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0100
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0100
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0100
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0100
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0100
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0100
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0100
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0100
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0100
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0100
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0100
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0100
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0100
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0100
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0100
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0100
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0100
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0100
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0100
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0100
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0100
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0100
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0100
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0100
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0100
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0100
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0100
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0105
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0105
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0105
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0105
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0105
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0105
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0105
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0105
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0105
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0105
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0105
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0105
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0105
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0105
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0105
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0105
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0105
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0105
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0105
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0105
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0105
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0105
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0105
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0105
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0105
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0105
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0105
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0105
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0105
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0105
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0105
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0105
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0105
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0105
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0105
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0105
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0105
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0105
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0105
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0115
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0115
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0115
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0115
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0115
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0115
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0115
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0115
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0115
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0115
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0115
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0115
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0115
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0115
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0115
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0115
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0115
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0115
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0115
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0115
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0115
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0115
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0115
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0115
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0115
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0115
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0115
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0115
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0115
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0115
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0115
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0115
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0115
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0115
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0115
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0115
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0115
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0115
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0115
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0115
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0120
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0120
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0120
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0120
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0120
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0120
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0120
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0120
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0120
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0120
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0120
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0120
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0120
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0120
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0120
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0120
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0120
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0120
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0120
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0120
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0120
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0120
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0120
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0125
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0125
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0125
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0125
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0125
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0125
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0125
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0125
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0125
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0125
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0125
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0125
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0125
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0125
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0125
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0125
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0125
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0125
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0125
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0125
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0125
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0125
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0125
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0125
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0125
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0125
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0125
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0125
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0125
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0125
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0125
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0130
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0130
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0130
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0130
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0130
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0130
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0130
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0130
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0130
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0130
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0130
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0130
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0130
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0130
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0130
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0130
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0135
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0135
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0135
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0135
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0135
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0135
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0135
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0135
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0135
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0135
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0135
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0135
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0135
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0135
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0135
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0135
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0135
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0135
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0135
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0135
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0135
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0135
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0135
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0135
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0135
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0135
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0135
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0135
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0135
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0135
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0135
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0135
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0135
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0135
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0135
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0135
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0135
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0135
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0135
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0135
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0135
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0135
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0135
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0140
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0140
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0140
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0140
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0140
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0140
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0140
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0140
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0140
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0140
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0140
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0140
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0140
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0140
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0140
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0140
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0140
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0140
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0140
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0140
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0140
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0145
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0145
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0145
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0145
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0145
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0145
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0145
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0145
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0145
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0145
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0145
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0145
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0145
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0145
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0145
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0145
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0145
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0145
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0145
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0145
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0145
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0145
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0145
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0145
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0145
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0145
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0145
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0145
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0145
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0145
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0145
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0145
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0145
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0150
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0150
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0150
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0150
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0150
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0150
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0150
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0150
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0150
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0150
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0150
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0150
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0150
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0150
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0150
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0150
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0150
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0150
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0150
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0150
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0150
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0150
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0150
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0150
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0150
http://refhub.elsevier.com/S0021-7557(14)00152-1/sbref0150

	Brazilian adaptation of the Functioning after Pediatric Cochlear Implantation (FAPCI): comparison between normal hearing a...
	Introduction
	Methods
	Participants
	Procedures
	FAPCI
	Step 1: Cross-cultural adaptation and validation process
	Step 2: Applicability of the FAPCI-BP


	Results
	Adaptation and internal consistency
	FAPCI-BP trial

	Discussion
	Funding
	Conflicts of interest
	Acknowledgments
	References


