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Abstract
Background: speech comprehension difficulty is a very common complaint of individuals with tinnitus
with and without hearing loss. This study was conducted in order to analyze if tinnitus interferes in
auditory processing and speech comprehension in individuals with normal hearing levels. Aim: to asses
and compare the auditory behavior of temporal resolution and selective attention of adults with normal
hearing levels with and without tinnitus. Method: 45 individuals, 15 with continuous tinnitus and 30
without tinnitus were selected and assessed by three auditory processing tests: Speech in Noise Test,
Dichotic Digits Test and Gaps in Noise. After that, the results of each group were compared by appropriated
statistic's tests; one of them was ANOVA. Results: there were no significant statistical differences between
the groups and both ears. Conclusion: tinnitus did not interfere in the auditory abilities of selective
attention and temporal resolution.
Key Words: Auditory Perception; Adult; Tinnitus.

Resumo
Tema: é comum a queixa de dificuldade de compreensão da fala em indivíduos que apresentam zumbido
com ou sem perda auditiva. Para conhecer se o zumbido interfere no processamento auditivo e compreensão
da fala em sujeitos com audiometria normal, foi realizado este trabalho. Objetivo: foi avaliar e comparar
o comportamento auditivo de resolução temporal e de atenção seletiva de indivíduos adultos com audiometria
normal, com e sem zumbido. Método: 45 indivíduos, 15 com zumbido constante e 30 sem zumbido, foram
selecionados e avaliados por meio de três testes de processamento auditivo: Teste de Fala com Ruído
Branco, Teste Dicótico de Dígitos e Gaps In Noise. Em seguida os resultados de cada grupo foram
comparados entre si, utilizando testes estatísticos apropriados, dentre eles o ANOVA. Resultados: não foi
observada diferença estatisticamente significante entre os grupos em ambas as orelhas. Conclusão: o
zumbido não interferiu nas habilidades auditivas de atenção seletiva e resolução temporal.
Palavras-Chave: Percepção Auditiva; Adulto; Zumbido.
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Introduction

Tinnitus is the perception of a sound when no
external source is emitting perceivable sound
waves.  It may be the main symptom of various
diseases1.  It is a condition found commonly around
the world2.

To explain the physiology of tinnitus generation
and perception cochlear and non-cochlear models
were developed3.  Due to lesions to the external or
internal cilia or the auditory tract, spontaneous
activities of the auditory system are altered and
these are perceived as tinnitus.  If this is perceived
negatively or is an irritating sound, it will become
an inconvenience and habituation will not occur4.

Tinnitus may occur in individuals with normal
audiometry or with auditory loss5-7.  When
accompanied by normal audiometry the condition
may be associated with attention deficit8, especially
highly inconvenient tinnitus9,10.

Research involving subjects presenting
auditory hearing loss11 and normal hearing12,13
verified that tinnitus interferes with auditory
processing and perception of speech in noisy
environments for some hearing abilities.

Considering tinnitus affects speech
comprehension and influences several auditory
processes, it may probably be related to selective
attention, temporal resolution and other sound
processing abilities.

The present piece seeks to evaluate and
compare temporal resolution and selective attention
auditory behavior among adult individuals
presenting normal audiometry, reporting tinnitus
or not.

Method

Fifteen individuals with constant bilateral
tinnitus and hearing spans up to 25dB (NA)
between 0.25 and 8.0 kHz (3 men, 12 women, average
age 23 years 3 months, ages between 20 and 27),
hereafter known as the Study Group (SG), and thirty
individuals presenting no tinnitus and hearing
spans up to 25dB (NA) between 0.25 and 8.0kHz (3
men, 27 women, average age 21 years 8 months,
ages between 19 and 30 years), hereafter the Control
Group (CG), were selected from within the
Undergraduate and Graduate student body of
Universidade Federal de São Paulo (UNIFESP). This
study was approved by the UNIFESP Research
Ethics Committee under protocol 389/08.  All
participants signed a free informed consent
document.

The participants were submitted to a tone span
audiometry, logoaudiometry and impendanciometry.
Individuals with hearing loss and/or middle ear
alterations were excluded from the sample, as well
as individuals from the control group who had
problems with speech comprehension.

To identify the SG, information regarding the
location and onset time of tinnitus was necessary.
Individuals were also tested in order to measure
the intensity and frequency of tinnitus and
submitted to the Brazilian Tinnitus Handicap
Inventory (Brazilian THI).

The THI is a questionnaire devised to quantify
the inconvenience caused to the individual14.  It
was developed for use with the English Language
and adapted for use with Portuguese15.

It consists of a set of 25 questions with three
possible answers, yes, no and sometimes.  Yes was
assigned four points, sometimes two points and
no zero points.  Thus the questionnaire possesses
a 100-point maximum.   Inconvenience levels were
devised as follows: from zero to 16 points, as a
negligible inconvenience; from 18 to 36 points, a
mild inconvenience; between 38 and 56 points, a
moderate inconvenience; from 58 to 76 points, a
severe inconvenience; and from 78 to 100 points a
catastrophic inconvenience16.

Both groups were submitted to an auditory
processing behavior evaluation consisting of the
Speech in Noise Test (SNT), the Dichotic Digits
Test (DDT) and the Gaps-in-Noise Test (GIN).

The SNT evaluates selective attention ability
(auditory closure).  The normality criterion for
correct responses was set as 70%17.

The DDT verifies selective attention ability
(figure-background).  The normality standard for
adults is 95%18.

The GIN test is a new test that evaluates the
temporal resolution ability, crucial for speech
comprehension19.  It is composed of a series of
white noise segments presented at 50dB (NS),
lasting six seconds each.  Each segment may
contain zero to three silence intervals (gaps) and
these last 2, 3, 4, 5, 6, 8, 10, 12, 15 and 20 milliseconds
(MS).  The GIN test comprises four lists, each
composed of several segments presenting each gap
six times, and thus each list is composed of 60 gaps.
In this study, list 1 was used for the right ear and
list 2 for the left, lists 3 and 4 being omitted as they
do not interfere in the result20.

Each individual assessed was required to push
a button every time they heard a silence interval
amid the noise.  The test was applied to both ears,
beginning with the right ear in all cases.
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The result analysis comprised the span and
percentage of gaps correctly indicated.  The span
was defined as the smallest gap which the individual
was able to correctly identify four times.  The
percentage was calculated over the total number of
gaps.  The criterion for normality was established
as a span of 5.43 milliseconds and a percentage of
gaps indicated correctly as 67.25%21.

Statistical analysis

Statistical analysis of all data collected was
initially done descriptively.

Interferential analyses employed to confirm or
refute evidence found in the descriptive analysis
were:

. Kolmogorov-Smirnov test to verify that
distribution of test responses on the SNT, DDT
and GIN followed normal distribution;
. Wilcoxon test comparing right and left ear response
distribution for the SNT, DDT and GIN (span);
. Mann-Whitney test comparing the distribution of
responses for each group (tinnitus and no tinnitus)
regarding data from the SNT, DDT and GIN (span);
. Variance analysis with repeated measurements
comparing average values on the GIN test
(percentage of correct responses) for each group,
considering both ears.

Results

For the study group, eight (53.3%) individuals
reported tinnitus for up to five years and seven
(46.7%) for over five years.  Of the 15 individuals in
this group, 13 reported tinnitus resembling a whistle
(pure tone) and two reported resemblance with a
waterfall (noise).

With regards to the intensity sensation, the
average presented was 20.7dB (NS) for the right ear
(DP = 11.4) and 17.5dB (NS) for the left ear (DP =
15.5).  Most individuals reported tinnitus frequency
sensation around 6.0kHz and 8.0kHz.

With regards to THI, the average point score
was 12.3 points (DP = 12.9) and, according to the
grouping established, 11 (73.3%) individuals
presented negligible tinnitus, 3 (20%) mild tinnitus
and one (6.7%) moderate tinnitus.

SNT and DDT

All individuals from both groups presented SNT
and DDT results for both ears within the normality
standard set prior to testing.  The results can be found
in tables 1 and 2.  When comparing results for each
ear, both groups presented data for the right ear which
were statistically equal to those of the left ear for both
the SNT and the DDT.  Comparing results obtained
for each group, the statistical tests applied revealed
that readings for the study group were statistically
equivalent to those obtained from the control group.

Gaps in Noise

Table 3 presents the results obtained in the GIN test.
In relation to span, the test results, when

comparing ears, revealed the control group presented
a statistically significant lower span for the right ear
than the left.  However, for the study group, the
results were statistically equal for both ears.  There
was no group effect in this auditory perception test.
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TABLE 1.  Abridged results for the SNT according to group and ear. 

g roup   Right ear Left ear p a 

No tinntius mean 96,5% 96,4% 0 ,796 

 median 96,0% 96,0%  

 minimum 92,0% 88,0%  

 maximum 100,0% 100,0%  

 Standard deviation 2,9% 3,4%  

tinnitus mean 98,3% 97,1% 0 ,131 

 median 100,0% 96,0%  

 minimum 94,0% 92,0%  

 maximum 100,0% 100,0%  

 Standard deviation 2,3% 3,1%  

p b  0,063 0,600  

Key:  adescriptive level comparing ears (right and left); bdescriptive level comparing groups (tinnitus and no tinnitus).  

TABLE 2.  Abridged results for DDT according  to group and ear. 

g roup   Right ear Left ear pa 

No tinntius mean 99,5% 99,4% 0,675 

 median 100,0% 100,0%  

 minimum 96,3% 97,5%  

 maximum 100,0% 100,0%  

 Standard deviation 0,9% 0,8%  

tinnitus mean 99,3% 99,3% >0,999 

 median 100,0% 100,0%  

 minimum 95,0% 95,0%  

 maximum 100,0% 100,0%  

 Standard deviation 1,4% 1,4%  

p b  0,801 0,549  

Key:  adescriptive level comparing ears (right and left); bdescriptive level comparing groups (tinnitus and no tinnitus).  
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Discussion

SNT

In the present study individuals with
tinnitus obtained results similar to those with
no tinnitus.  Regarding auditory closure
ability, referred literature presented that
individuals with normal audiometry and
tinnitus performed significantly worse than
individuals with normal audiometry and no
tinnitus12,13.  Another study11 observed that
tinnitus interfered with auditory closure
ability; however the authors used subjects
with hearing loss.

The results obtained in the present piece were
not similar to those found in literature11-13.

DDT

Although there is no literature on studies
using DDT to compare individuals presenting
tinnitus and not, another test evaluating figure-
background ability was used, the SSW.  When
evaluating individuals with tinnitus and normal
hearing and normal audiometry, the authors
observed that the experimental group contained
more individuals presenting alterations than
the control group.  However this difference

was statistically insignificant.   One may state
that the comparisons between the Study Group
and the Control Group with regards to figure-
background were similar to other studies.
However, in the present study no individual
yielded results under the normality standard
set, while in literature there is a tendency that
individuals with tinnitus present alterations to
this ability12,21.

GIN

In  the  p resen t  s tudy  there  was  no
significant difference between the results for
each ear for the tinnitus group, for both span
and percentage.  This was not the case for
the control group, for which a statistically
significant difference was found between ears
in terms of span.

In  spec ia l i zed  l i t e ra tu re20 ,21   no
differences were found for spans observed in
right and left ears in individuals with normal
audiometry and no tinnitus, as in the Study
Group.  However results in literature were
different for the Control Group.

Table 3 .  Abridged results for the GIN test according to group and ear. 

Group Right ear average Left ear  average pa 

No tinnitus 4,7  ms (DP = 0,9) 

72,6% (DP = 6,8) 

5,1 ms (DP = 1,0) 

72,5% (DP = 5,9) 

0,002 

0,950 

Tinnitus 4,7  ms (DP = 1,1) 

72,5% (DP = 6,7) 

4,8 ms (DP = 0,4) 

72,7% (DP = 7,3) 

0,564 

0,950 

pb span 

pb percentage 

0,950 

0,978 

0,216 

0,978 

 

Key: adescriptive level comparing ears (right and left); bdescriptive level comparing groups (tinnitus and no tinnitus). 
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Only one s tudy ver i f ied s ta t is t ical ly
significant differences between lists 1 and 2,
1 having had a larger percentage of correct
responses than 223.

No significant differences were found
when comparing result sets for each ear.  This
was true for both groups.  This way the
findings in the present study were different
compared to one study23 but similar to others,
regarding adul ts ,  present ing t inni tus  or
not20,21.

The results for the GIN test also presented
similarities between groups for both ears.

In  a  s tudy apply ing  the  GIN tes t  in
individuals with normal audiometry and
tinnitus, a significant difference between the
groups was verified, the author observing that
individuals with tinnitus had more difficulties
with the temporal resolution ability than
individuals with no tinnitus24.

Once again, the present study's findings
differ from those in literature24.

Final considerations

For the present study the results of the
three auditory processing tests were applied
s imi la r ly  to  bo th  groups ,  thus  some
hypotheses may be raised.

The first factor to consider is that in all
other studies the experimental group subjects
were  se lec ted  f rom a  hosp i ta l  o r
cl inic12,13,22,24.   In the present  study
subjects were not sampled from a specialized
medica l  se rv ice  bu t  were  ind iv idua l s
presenting tinnitus but not being treated for
i t .   Hence,  subjects  f rom other  s tudies
probably had more difficulty dealing with
tinnitus and, consequently, this difficulty may
have  in f luenced  day- to -day  s i tua t ions ,
including speech perception.  Furthermore,
individuals in the present study presented a
lower degree of inconvenience caused by

tinnitus whereas in specialized literature this
was not the case12,13.   Hence, individuals in
the present study possessed the capacity to
shift their focus of attention, making tinnitus
a non-interfering factor, until the present
moment, in speech processing.

Another factor to consider is in relation to
the intensity sensation.  In l i terature12,
perceived loudness was observably higher in
test subjects than in those in the present
study.  One may suggest that an increase in
tinnitus intensity may in turn increase its
impor tance  to  the  ind iv idua l  and ,
consequently, interfere more with auditory
perception.

Lastly, one final factor that may have
influenced the results of the present study
was the condition's etiology.  In the present
study, as was the case in literature12,13,24,
the cause for tinnitus was not researched.   It
is likely that the origin of the problem may
influence the research of alterations in speech
processing.  In the present study no sampled
individual reported centrally located tinnitus.
If the alteration is peripheral, perhaps it does
not interfere in signal transmission through
the  aud i to ry  t rac t .   Another  impor tan t
e t io log ica l  fac to r  to  be  cons idered  i s
conditions external to the auditory system that
may cause tinnitus.  Due to the fact that
tinnitus is the result of problems unrelated to
either peripheral or central hearing, this
symptom will probably not cause any auditory
changes, neither to audibility spans nor to
auditory processing.

One suggests that for similar research
ind iv idua ls  wi th  normal  hear ing  and
etiologically diagnosed tinnitus should be
sampled.

Conclusion

Tinnitus of mild inconvenience and perceived
intensity of around 19dB NS and perceived
frequency of around 6.0 kHz and 8.0 kHz did not
interfere in selective attention and temporal
resolution auditory abilities, which were similar to
those of individuals presenting no tinnitus.
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