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IGHLIGHTS
• Amplification  restores  auditory  input  and  reduce  tinnitus  annoyance.
• THI  reduction  has  been  considered  to  be  clinically  and  statistically  significant  after  6-months  of  hearing  aid  usage.
• A  significant  reduction  in  THI  and  VAS  indicates  a  significant  improvement  in  tinnitus  severity.
• Minimal  masking  levels  showed  statistically  significant  reduction  after  6-months  use  of  HA,  and  inverse  correlation  with  duration

of tinnitus.
• THI,  HHIA,  VAS  for  tinnitus  annoyance  and  MMLs  are  interrelated  parameters  on  tinnitus  amelioration.
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Abstract
Objective:  Our  study  aimed  to  measure  the  effectiveness  of  using  HA  in  reducing  the  distur-
bance caused  by  tinnitus.
Methods:  Study  was  designed  as  a  within-subjects  clinical  trial.  Nineteen  patients  with  chronic
tinnitus and  untreated  sensorineural  hearing  loss  were  under  counseling,  HA  fitting  and  6  months
follow-up.  Tinnitus  assessment  was  performed  with  Tinnitus  Handicap  Inventory  (THI),  Visual
Analog Scale  (VAS),  pitch  and  loudness  matching,  and  Minimum  Masking  Level  measurements
(MML).

Results:  following  6  months  of  HA  use,  a  reduction  in  reported  tinnitus  and  hearing  handicap
scales scores  was  observed  both  statistically  and  clinically.  The  pitch  and  loudness  matching,
as well  as  MML  at  the  baseline  and  final  evaluation  were  compared.  MML’s  thresholds  reduced
significantly  after  6  months  of  HA  use.
� Study conducted at the Research Supporting Foundation of São Paulo (FAPESP).
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Conclusion:  Our  study  has  provided  evidence  that  HA  fitting  is  a  valuable  treatment  strategy
for chronic  tinnitus  relief  and  associated  hearing  loss  subtype  of  patient.
Level  of  evidence:  3.
© 2022  Associação  Brasileira  de  Otorrinolaringologia  e  Cirurgia  Cérvico-Facial.  Published
by Elsevier  Editora  Ltda.  This  is  an  open  access  article  under  the  CC  BY  license  (http://
creativecommons.org/licenses/by/4.0/).
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ntroduction

innitus  is  described  as  perception  of  a  sound  or  noises  in
he  ears  or  head,  without  a  corresponding  external  acous-
ic  stimulation.  Tinnitus  has  a  10%---17%  world  prevalence
ate  reported  in  various  studies,1,2 but  this  number  can  be
pwards  of  20%.3 Tinnitus  is  three  times  more  prevalent
mong  adults  older  than  65  years  of  age,  affecting  approxi-
ately  33%  of  those  who  also  suffer  from  hearing  loss.4,5

Hearing  loss  is  associated  to  tinnitus  in  more  than  90%  of
he  cases6,7 and  for  that  reason  Hearing  Aids  (HA)  have  been
sually  provided  as  a  first-choice  treatment.8,9 HA  seem
o  be  helpful  for  patients  as  they  provide  compensation
or  hearing  loss,  reducing  listening  and  cognitive  efforts  in
ommunication  contexts.  HA  usage  prevents  sensory  depri-
ation  and  may  induce  secondary  plasticity  in  the  Central
ervous  System  (CNS),10---12 Additionally,  its  use  also  signifi-
antly  reduces  tinnitus-related  perception  and  annoyance,
y  promoting  partial  or  total  masking  of  it.13,14

Although  those  benefits  have  been  pointed  out  in  recent
eviews,  there  is  still  lack  of  strong  evidence  to  recommend
A  for  tinnitus  bothersome  and  magnitude  mitigation.15,16

ifferent  outcomes  tools,  mostly  self-reported,  small
amples,  short  term  studies,  lack  of  tinnitus  objective  mea-
urement  variables  and  the  absence  of  control  groups  are
mong  the  reasons.17,18

Our  study  aimed  to  measure  the  effectiveness  of  using  HA
n  reducing  the  annoyance  and  disturbance  caused  by  tinni-
us,  as  well  the  perceived  handicap  due  to  hearing  loss,  and
orrelate  those  rates  with  tinnitus  psychoacoustic  measure-
ents.

ethods

he  study  was  approved  by  the  local  medical  ethics  com-
ittee  under  protocol  number  611.174  in  April,  2014  and
linical  trials  registry  number:  NCT03657615.  The  present
tudy  was  designed  as  a  within-subjects  clinical  trial.  After
he  informed  consent,  nineteen  subjects  were  included
ased  on  the  following  criteria:  chronic  perception  of  tinni-
us  for  a  duration  of  more  than  6  months;  tinnitus  perception
ategorized  by  Tinnitus  Handicap  Inventory  (THI,  translated
nd  validated  to  Brazilian  Portuguese  language)19 as  moder-
te,  severe  or  catastrophic  (38  or  greater  score);  mild  and
oderate  degree  of  bilateral  and  symmetric  hearing  loss

defined  as  auditory  thresholds  more  or  equal  20  dB  Hearing

evel  (HL)  over  frequencies  (250---8000  Hz),  and  not  exceed-
ng  70  dB  HL).  Subjects  had  no  previous  experience  with  HA.
ymmetrical  hearing  loss  was  defined  as  not  more  than  10  dB
L  in  two  or  more  frequencies  or  more  than  15  dB  HL  in  one
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S16
requency,  compared  across  both  ears.  Hearing  loss  confi-
uration  and  severity  were  based  on  Silman  and  Silverman,
99720 and  Bureau  International  d’Audio  Phonologie  (BIAP)
997  criteria.21

Individuals  with  unilateral,  mixed,  or  conductive  hear-
ng  loss,  with  pulsatile  or  myoclonic  tinnitus  were  excluded.
articipants  were  further  screened  for  depression  and  anx-
ety  using  the  Generalized  Anxiety  Disorder  7-item  (GAD-7)
nd  the  Patient  Health  Questionnaire  (PHQ-9).  Subjects  who
cored  higher  than  seven  on  GAD-7  or  greater  than  nine  on
HQ-9  were  also  excluded,22,23 as  they  may  be  indicative  of
urrent  states  of  depression  or  anxiety  and  would  require
dditional  pharmacological  or  other  tinnitus  treatment.

rocedures

ll  the  procedures  described  below  were  performed  after
edical  evaluation  and  a  complete  tinnitus  evaluation
rotocol,  which  included  somatosensory  assessment,  self-
elated  questionnaires  for  tinnitus,  THI24,  for  hearing
Hearing  Handicap  Inventory  for  Adults  ---  HHIA),25,26 and  for
innitus  annoyance  (Visual  Analogue  Scale  ---  VAS).  THI,  HHIA,
nd  VAS  were  applied  on  baseline,  and  follow-up  visits  at
stmonth,  3rdmonth  and  6thmonth  (final  measure).

All  subjects  underwent  pure  tone  audiometry
250---8000  Hz  air  and  bone  conduction  testing  frequencies),
peech  thresholds  and  recognition  tests,  immittanciom-
try  and  stapedian  reflexes  measurements.  Audiometric
arphones  (TDH  39  series-  Telephonics® were  used,  tested
n  a  soundproof  chamber  using  an  Itera  II  audiometer
Madsen  Aurical  ICS,  USA),  calibrated  under  ANSI  S  3.6-1996
ormalization.

Tinnitus  pitch  and  loudness  matching,  and  Minimum  Mask-
ng  Levels  tests  (MML)  were  performed  as  baseline  and  final
easurement  (after  6  months  of  HA  usage).  The  proce-
ure  followed  the  standardized  method:  presenting  2  stimuli
o  the  patient  could  choose  the  one  that  most  closely
esembles  his  tinnitus.  All  of  them  were  replicated  three
imes  and  the  mean  value  was  determined  as  definitive.  We
sed  a  tonal  or  narrow  band  noise  stimulus  to  match  tin-
itus  depending  on  the  sound  characteristics  reported  by
he  patient.  After  pitch  and  loudness  being  determined  we
earched  for  the  minimal  tone  or  noise  in  that  frequency
hat  patient  could  no  longer  listen  to  his  tinnitus,  and  that
as  the  final  MML  threshold  computed.

All  subjects  underwent  an  individual  counseling  ses-

ion  and  received  a detailed  explanation  about  the  results
f  their  clinical  and  audiological  evaluation.  They  were
rovided  with  hearing  physiology  and  tinnitus  genera-
ion  information;  some  habituation  concepts  were  also
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xplained.  Counseling  was  provided  whenever  they  needed
uring  the  following  appointments.  The  same  audiologist
erformed  all  the  counseling  to  all  subjects.

All  patients  were  fitted  bilaterally  for  hearing  loss
ompensation.  HA  fitting,  adjustments,  real  ear  mea-
urements  and  follow-up  were  performed  by  the  same
udiologist.  Apart  from  different  HA  used,  device  selection
ollowed  strict  criteria  to  fit  hearing  loss  demands,  patient
rofile,  resources  and  algorithms  recommended  for  tinnitus
atients.  Those  characteristics  are:  (a)  Digital  Behind-the-
ar  HA  with  wide  frequency  response  range;  (b)  Wide
ynamic  range  compression  (WDRC);  (c)  Maximum  output
imiting;  (d)  Feedback  cancellation  system  to  allow  open  ear
ttings;  (e)  Data  log  to  verify  HA  use.

Other  algorithms  and  resources  such  as  sound  generators
nd  noise  suppressors  were  available  but  were  not  used  dur-
ng  the  study.  To  prescribe  and  verify  acoustic  response,  we
sed  the  HA  fitting  protocol  recommended  by  the  National
coustics  Laboratories,  NAL  NL-2.27 The  following  devices
ere  provided:  Verso  TS  762DRW  (GN  RESOUND®),  Taurus
75D  (Beltone®),  MENU5-m  e  MENU10-m  (WIDEX®),  Orion  2S

 Octiv+  (Sivantos®).  After  fitting,  all  patients  had  regular
ollow-ups,  including  medical  and  audiologist  visits  at  1st,
rd,  6th  month)  to  make  fine  tuning  adjustments,  check
roper  HA  usage.  HA  fitting  evaluation  depended  on  each
atient’s  personal  perception  of  benefit,  speech  recognition
ests  with  and  without  HA,  and  real  ear  measurements.

tatistical  analysis

ategorical  variables  were  described  by  their  frequency  of
istribution.  Quantitative  variables  (age,  MML,  THI,  HHIA,
AS)  were  described  by  their  mean,  median  and  Standard
eviation  (SD).  Statistical  associations  for  loudness,  pitch
nd  MML  before  and  after  HA  use  were  performed  by  paired
ilcoxon  test28 and  for  THI,  HHIA  and  VAS  by  Friedman  test29

ssuming  a  5%  level  of  statistical  significance  (p  <  0.05).

esults

ur  sample  consisted  of  10  females  and  9  male  subjects
anging  from  32  to  62  years  old  (mean  =  47.8,  SD  =  9.1).
ost  patients  had  bilateral  chronic  tinnitus  (n  =  17)  with  only

wo  patients  reporting  unilateral  tinnitus.  Tinnitus  duration
aried  from  two  to  40  years  (mean  =  12.3  and  SD  =  10.1).
atients  presented  with  moderate  (n  =  11),  severe  (n  = 4)  or
atastrophic  (n  =  4)  chronic  tinnitus  according  to  THI  clas-
ification.  The  VAS  tinnitus  annoyance  scale  had  a  mean  of
.4  (SD  = 1.25).  Pitch  and  loudness  matching,  as  well  as  MML
efore  HA  fitted  are  shown  in  Table  1.  Hearing  loss  configu-
ation  for  all  subjects  are  illustrated  (Fig.  1)  below.

After  the  HA  fitting  session,  patients  were  followed  for
ounseling,  hearing  aid  fine  adjustments  and  check  of  proper
A  usage.  Time  records  or  data  log,  which  is  an  algorithm
vailable  on  the  HA  selected  for  this  study,  showed  a  gradual
ncrease  in  usage  during  the  6  months:  7.2  h  per  day  (mean)
3.1  in  the  1st  month  and  of  9.1  h  per  day  (mean)  ±3  in  the

th  month.

Results  of  self-assessment  questionnaires  THI,  HHIA,  their
espective  subscales  and  VAS  were  described  according  to
he  follow  up  evaluation  moment:  baseline,  1st  month,  3rd
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onth  and  6th  month  (final  measure),  as  seen  on  Table  2.
raph  1,  2 and  3  on  Fig.  2  shows  scores  over  time  and

eports  on  their  statistical  significance  for  multiple  compar-
sons  (p  <  0.008).  THI,  HHIA,  its  subscales  and  VAS  all  showed

 statistically  significant  score  reduction  (p  <  0.001)  along
he  6  months  follow  up.  Friedman’s  tests  were  followed  by
ultiple  non-parametric  comparisons  for  paired  data.  Thus,
e  were  able  to  evaluate  between  what  time  points  the
ifferences  occurred.  As  shown  on  Fig.  2, there  was  a  sta-
istically  significant  reduction  of  the  initial  results  for  the
rst  month  of  HA  usage  for  all  questionnaires  evaluated,
p  <  0.001).  The  emotional  and  catastrophic  domains  of  THI
lso  showed  greater  reduction  when  we  compared  the  ini-
ial  results  with  the  results  of  the  third  and  sixth  months,
espectively.  The  HHIA  social  domain  only  showed  statistical
ifference  of  the  initial  measurement  in  the  third  and  sixth
onth  of  HA  use.
The  pitch  and  loudness  matching,  as  well  as  MML  at  the

aseline  and  final  evaluation  were  compared  and  showed
n  Table  3.  MML’s  thresholds  reduced  significantly  after  6
onths  of  HA  use  (p  =  0.047).  However,  tinnitus  loudness,

ven  though  it  decreased,  did  not  show  a  statistically  sig-
ificant  reduction.  In  fact,  increases  of  no  more  than  2  dB
S  were  observed  in  5  individuals.  Interestingly,  we  also
bserved  changes  in  the  tinnitus  pitch  in  nine  individuals:
owering  (n  =  5)  or  increasing  (n  =  4)  in  the  frequency,  but
here  was  no  change  for  the  other  10  patients.

Our  analysis  revealed  statistically  significant  direct  cor-
elation  between  reductions  on  THI  total  score  and  its
motional  domain  scale  reduction  and  MML,  HHIA  (total)  and
ts  emotional  domain  scale  (r  >  0  and  p  <  0.05).  THI  functional
omain  scale  reduction  showed  a  statistically  significant
irect  correlation  with  HHIA  and  its  emotional  domain,  as
een  in  Table  4.

iscussion

s  hearing  loss  is  presented  in  most  tinnitus  patients,  HA
eems  to  be  always  an  eligible  choice  for  rehabilitation.  The
dea  is  that  by  restoring  auditory  input,  central  nervous  sys-
em  gain,  and  neural  hyperactivity  may  reduce,  stimulate
nd  build  up  secondary  brain  plasticity,  as  well  as  provide

 permanent  benefit  on  reducing  tinnitus  awareness.30 The
imited  evidence  of  HA  effectiveness  on  tinnitus  treatment
n  systematic  reviews,15,16 may  possibly  remain  on  method-
logical  factors.  Those  include  not  standardized  outcome
easurement  tools,  non-specific  or  placebo  effects,  fail-

re  to  control  bias  in  large  trials  due  to  heterogeneity  of
ymptoms  and  associated  comorbidities  affecting  tinnitus
atients,  and,  above  all,  the  absence  of  controlled  and  ran-
omized  studies.17,18 Although  our  clinical  trial  had  been
ell  designed  to  measure  the  effectiveness  of  HAs  for  tin-
itus  treatment,  we  have  to  point  out  some  limitations  of
t.  First,  the  absence  of  a  control  group  with  tinnitus  and
earing  loss,  only  undergoing  counseling,  for  example,  Sec-
nd,  the  large  heterogeneity  of  symptoms  and  comorbidities
hat  are  present  in  tinnitus  patients  required  our  selection

riteria  to  be  strict,  resulting  in  a small  but  consistent  sam-
le.  Controlling  for  the  degree  of  hearing  loss  could  have
evealed  whether  the  results  would  be  applicable  to  patients
ith  different  degrees  of  hearing  loss;  And  even  though  we

6
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Table  1  Tinnitus  pitch,  loudness  and  MML  before  HA  use.

Variable  Mean  SD  Median  p25;  p75

Tinnitus  pitch  (Hz) 6692  ±  3584.6  6000  (4000;  8000)
Tinnitus loudness  (dBSL)  6.1  ±  4.5  5  (3;  8)
MML (dBSL)  6.4  ±  3.2  6  (3;  9)

SD, Standard Deviation; p25, Percentile; p75, Percentile; dBSL, Sensation Level in Decibel; MML, Minimal Masking Level.

Figure  1  Hearing  loss  configuration  for  both  ears  (mean  and  standard  error).  dB,  Decibels.

Table  2  Behavioral  results  evaluation  over  time  (baseline,  1st,  3rd,  and  6th m  HA  use).

Baseline  1st  m  3rd  m  6th  m  p

VAS  <0.001
mean ±  SD  8.4  ±  1.2  6.2  ±  2.3  5.3  ±  2.1  4.5  ±  2.4
median (p25;  p75)  8  (8;  10)  7  (5;  8)  5  (4;  7)  4  (2;  7)
THI <0.001
mean ±  SD  56.9  ±  15.5  37.6  ±  14.7  33.7  ±  16.3  30.5  ±  20.8
median (p25;  p75)  50  (44;  66)  38  (28;  50)  34  (20;  44)  32  (14;  40)
THI Functional  <0.001
mean ±  SD  26.7  ±  7.4  16.7  ±  7.0  15.2  ±  7.5  13.4  ±  9.2
median (p25;  p75)  24  (22;  32)  16  (12;  24)  14  (10;  20)  12  (4;  22)
THI Emotional  0.001
mean ±  SD  20.8  ±  7.1  13.7  ±  6.8  11.5  ±  8.0  11.0  ±  8.0
median (p25;  p75)  18  (16;  26)  14  (8;  16)  10  (6;  18)  12  (6;  16)
THI Catastrophic  0.006
mean ±  SD  10.2  ±  4.9  7.1  ±  4.3  7.4  ±  3.8  5.7  ±  5.8
median (p25;  p75)  10  (6;  14)  8  (4;  10)  8  (4;  10)  2  (0;  10)
HHIA 0.005
mean ±  SD  54.9  ±  27.0  33.4  ±  20.7  28.7  ±  22.3  26.7  ±  23.4
median (p25;  p75)  52  (36;  72)  36  (16;  46)  18  (16;  38)  20  (8;  34)
HHIA Social 0.004
mean  ±  SD 26.8  ±  13.1 17.5  ±  11.8  14.6  ±  12.2  12.9  ±  10.7
median (p25;  p75) 24  (18;  36)  18  (4;  24)  10  (6;  24)  10  (6;  16)
HHIA Emotional  0.001
mean ±  SD  28.1  ±  14.6  15.8  ±  10.4  14.1  ±  11.5  13.2  ±  12.3
median (p25;  p75)  26  (16;  40)  16  (8;  22)  10  (8;  18)  10  (4;  16)

m, Month; p, Statistically significant level; VAS, Visual Analogue Scale; SD, Standard Deviation; p25, Percentile; p75, Percentile; THI,
Tinnitus Handicap Inventory; HHIA, Hearing Handicap Inventory for Adults; Friedman’s test.

S167
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Figure  2  Behavioral  results  evaluation  over  time  (baseline,  1st,  3rd,  and  6th  m  HA  use).

Table  3  Pitch,  Loudness  and  MML  pre-X  post  6  months  of  HA  use.

Baseline  Final  p

Pitch  (Hz) 0.507a

mean  ±  SD 6692  ±  3584 6157  ±  3197
median (p25;  p75) 6000  (4000;  8000) 6000  (4000;  8000)
Loudness (dBSL) 0.297a

mean  ±  SD 6.1  ±  4.5 5.0  ±  2.2
median (p25;  p75) 5  (3;  8) 4  (3;  7)
MML (dBSL) 0.047a

mean  ±  DP  6.4  ±  3.2  5.2  ±  2.7
median (p25;  p75)  6  (3;  9)  5  (3;  7)

p, statistically significant level; Hz, Hertz; SD, Standard Deviation; p25, Percentile; p75, Percentile; dBSL, Sensation Level in Decibel;
MML, Minimal Masking Level.

a Wilcoxon paired test.

Table  4  THI  reductions  correlations.

THI  reduction  THI  Functional
reduction

THI  Emotional
reduction

THI  Catastrophic
reduction

VAS  reduction r  0.350  0.284  0.262  0.411
p 0.142  0.239  0.279  0.080

LOUDNESS reduction r  0.092  −0.004  0.237  0.005
p 0.707  0.987  0.328  0.985

MML reduction r  0.488  0.390  0.528  0.312
p 0.034  0.099  0.020  0.194

HHIA reduction r  0.457  0.485  0.504  0.034
p 0.049  0.035  0.028  0.889

HHIA Social  reduction r  0.398  0.443  0.445  −0.068
p 0.092  0.058  0.056  0.783

HHIA Emotional  reduction r  0.481  0.501  0.491  0.153
p 0.037  0.029  0.033  0.533

, He

u
i
o
m

b
t
t
o

p
o
h
l
a
t

THI, Tinnitus Handicap Inventory; VAS, Visual Analogue Scale; HHIA
Spearman’s correlation.

sed  psychoacoustic  measurements  as  an  outcome  measure,
n  addition  to  three  other  standardized  tools,  the  absence
f  tinnitus  measurements  at  a  later  follow-up  (12  and  24
onths)  must  be  considered  also  as  limitation.
Nevertheless,  many  authors  had  reported  substantial

enefits  in  HA  fitting  for  tinnitus  perception.13,31---33 One  of

he  major  criticisms  leans  on  the  fact  that  the  reduction  of
he  hearing  impairment  by  itself  may  justify  improvements
n  communication  skills,  better  quality  of  life  referred  by

w
t
d

S16
aring Handicap Inventory for Adults; MML, Minimal Masking Level;

atients,  as  well  as  tinnitus  distress  alleviation  and  decrease
n  THI  scores.  Obviously,  HA  constant  technology  advances
ave  made  possible  more  effective  fittings  for  both  hearing
oss  restoration  and  tinnitus  treatment.  In  our  study,  there
re  numerous  factors  that  might  have  influenced  the  effec-
iveness  of  HA  in  reducing  tinnitus  perception.  Among  those

e  can  mention  the  degree  of  high  frequency  hearing  loss,

he  presence  of  mild  or  moderate  hearing  loss  in  the  stan-
ard  testing  frequency,  as  well  as  the  preservation  of  normal

8
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earing  thresholds  in  the  low  frequencies.  McNeill  and  col-
eagues  in  their  study  have  already  made  such  a  unique
bservation.14

HHIA  scores  on  social  and  emotional  domains  showed
 significant  reduction  over  the  6  months  of  HA  use,
n  agreement  with  patients  continued  and  gradual  clini-
al  improvement.  The  social  domain  identifies  everyday
ituations  where  speech  comprehension  is  necessary  for
ffective  communication.  Measures  of  impairment  in  the
ocial  domain  reduced  significantly  when  measured  in  the
th  month  compared  to  the  1st  month,  in  contrast  to  the
motional  domain,  which  reduced  significantly  from  base-
ine  to  the  1st  month  of  HA  use.  We  can  point  out  some
easons  for  that  including  the  acclimatization  period  which
an  take  up  to  2  months,34 and  the  HA  fine  tuning  which
mproved  progressively  over  the  follow-up  visits.  So,  the
enefit  provided  by  amplification  takes  longer  to  be  fully
xperienced  as  it  involves  central  nervous  system  plasticity,
ut  the  sense  of  care  and  initial  relief  provided  by  hearing
estoration  already  appears  in  the  first  month  of  HA  use,  as
een  on  emotional  domain  score  results.

Results  of  our  study  also  shed  light  on  the  effective  use  of
A.  Besides  a  validated  HA  prescription  protocol  and  all  the
ecommended  fitting  procedures,  the  increased  HA  usage
een  in  patient  follow-up  may  explain  the  hearing  skills
mprovement  as  well  as  the  reduction  of  tinnitus  distress.35

his  point  reinforces  the  importance  of  patient  education
nd  adherence.  It’s  not  uncommon  they  blame  tinnitus  other
han  hearing  loss  for  their  difficulties.  Counseling,  per-
ormed  individually  for  all  patients  at  the  beginning  of  the
ntervention  and  at  follow  up  visits,  if  necessary,  was  also
rucial  for  HA  acceptance  and  adoption.

The  THI  is  the  most  used  questionnaire  in  tinnitus  clinical
esearch  worldwide,  given  its  robustness,  reproducibility,36

nternal  consistency  and  stability,  and  ease  of  application.
lthough  it  was  initially  created  to  classify  the  patient
ccording  to  his  reactions,  its  psychometric  characteris-
ics  allow  it  to  be  used  as  a  follow  up  instrument  for
valuating  tinnitus  treatment  results.  A  reduction  of  20  or
ore  points  in  the  THI  has  been  considered  to  be  clinically

ignificant.37 Such  magnitude  of  reduction  in  total  THI  scores
as  observed  in  our  study  in  13  patients.  In  other  words,

here  was  a  2-level  decrease  in  tinnitus  grade  severity,  e.g.,
rom  catastrophic,  severe,  moderate  to  mild  or  slight  symp-
om.  Recently,  a  multicenter  study  (n  =  200)  has  stated  that  a
inimum  7-point  reduction  may  already  indicate  some  level

f  improvement  and  a  reduction  of  17-points  or  more  would
oint  out  to  highly  significant  improvement.38

A  significant  reduction  in  THI  scores  implies  a  significant
mprovement  in  tinnitus  severity.  The  VAS  is  a  metric  scale
sually  used  in  most  tinnitus  clinical  trials.39 In  our  study  VAS
as  used  to  measure  tinnitus  annoyance,  and  it  presented

 significant  score  reduction  over  the  6  months  follow  up.
ur  results  are  in  most  part  consistent  with  a  randomized
linical  trial31 that  compared  two  sound  therapy  strategies  in
innitus  patients:  open  digital  HA  versus  a  sound  generator.
he  authors  adopted  the  same  variable  tools  (THI  and  VAS)
nd  showed  a  highly  significant  improvement  in  both  groups

n  the  3rd  month  of  therapy.  They  reported  a  statistically  and
linically  significant  tinnitus  reduction  measured  by  those
ariable  scores,  every  3  months,  which  continued  up  to  1
ear  of  follow  up.

t
e
c
o

S16
ology  2022;88(S3):S164---S170

Psychoacoustics  measurements  are  performed  as  part  of
he  tinnitus  clinical  evaluation  for  many  reasons.  Loudness
nd  MML  are  valid  measures  of  sound  perception  as  they
stimate  tinnitus  magnitude  and  can  be  used  after  interven-
ion  to  evaluate  their  immediate  effect,  for  example,  after
ound  therapies  strategies  or  magnetic  transcranial  stimu-
ation  techniques.  Those  measures  are  still  recommended
s  a  parameter  for  evaluating  the  results  of  tinnitus  long-
erm  interventions.17,40 Changes  in  tinnitus  pitch,  on  the
ther  hand,  may  point  out  a  sign  of  central  nervous  system
onotopy  reorganization  and  neural  plasticity.41 In  our  study
fter  6  months  of  HA  usage  almost  half  of  our  patients  (47%)
eported  pitch  shift.

In our  study,  tinnitus  MML  measurements  showed  statis-
ically  significant  reduction,  which  may  possibly  indicate

 permanent  benefit  of  hearing  amplification  on  tinnitus
agnitude  for  some  patients,  once  lower  levels  of  sound

re  needed  to  mask  tinnitus  perception.  Since  duration  of
innitus  varied  among  subjects,  we  also  tested  if  it  was  cor-
elated  with  any  changes  in  measured  variables  such  as  THI,
AS,  HHIA  and  psychoacoustic  characteristics  of  tinnitus.  Of
hose  only  the  MML  showed  a  significant  inverse  correlation
ith  duration  of  tinnitus  ---  that  is,  the  longer  the  tinni-

us  the  lower  was  the  MML  reduction.  Greater  shifts  were
een  in  those  with  more  recent  onset  of  tinnitus.  A  possible
xplanation  is  that  the  longer  the  tinnitus  duration,  more
entral  nervous  system  neural  networks  associated  with  it
ill  be.  In  those  cases,  the  MML  measurement  may  show
ore  resistance  to  change,  pointing  to  greater  neuroplas-

icity,  hyperactivity  and  synchrony  cross-talking  occurring
ver  the  years.  A  longer  period  of  stimulation  and  a  larger
ample  size  would  be  required  to  support  our  findings.

The  direct  and  statistically  significant  correlation
etween  THI,  HHIA  and  MML  scores  reductions  makes  per-
ect  sense,  as  it  was  previously  also  reported  in  several
tudies.15,31,42

The  purpose  of  our  study  was  to  verify  the  effective-
ess  of  HA  to  ameliorate  tinnitus  perception  and  related
isturbance  in  a  group  of  patients  with  chronic  tinnitus
nd  associated  hearing  loss,  who  had  no  prior  experience
ith  amplification.  Those  are  a  complex  category  of  tinni-

us  patients.  We  believe  that  there  is  no  other  way  to  assess
nd  verify  tinnitus  improvement,  other  than  consider  the
mpact  of  tinnitus  on  patient’s  life  quality,  the  difficulties
aused  by  hearing  loss,  as  well  as  the  perception  of  tinni-
us  itself,  as  loudness.  They  are  inseparable  variables  in  the
valuation  of  any  intervention  for  this  subtype  of  patient.

onclusion

he  evaluation  parameters  used  in  our  study  indicated  tin-
itus  improvement  in  several  aspects.  THI,  VAS  and  HHIA
eduction  scores  estimated  tinnitus  and  hearing  loss  impact
n  patient’s  life.  Loudness,  Pitch  and  MML  estimated  tinni-
us  perception,  and  the  decrease  in  MML  values  suggests
ecrease  in  tinnitus  magnitude.  We  were  able  to  show  how

hese  parameters  are  interrelated.  Our  study  has  provided
vidence  that  HA  fitting  is  a  valuable  treatment  strategy  for
hronic  tinnitus  relief  and  associated  hearing  loss  subtype
f  patient.
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