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SUMMARY

Introduction: The auditory screening’ benefits has been demonstrated, however these programs has been restricted

to the big centers.

Objectives: (a) Developing a auditory screening method to distance; (b) Testing its accuracy and comparing to

the screening audiometry test (AV).

Method: The teleaudiometry (TA), consists in a developed software, installed in a computer with phone TDH39.

It was realized a study in series in 73 individuals between 17 and 50 years, being 57,%% of the female

sex, they were randomly selected between patients and companions of the Hospital das Clínicas.

Before were subjected to a symptom questionnaire and otoscopy, the individuals realized the tests of

TA AV, with scanning in 20dB in the frequencies of 1,2 and 4kHz following the ASHA (1997) protocol

and to the gold standard test of audiometry of pure tones in soundproof booth in aleatory order.

Results: the TA has lasted average 125+11s and the AV 65+18s. 69 individuals (94,5%) declaring to be found

difficult or very easy to performing the TA and 61 (83,6%) have considered easy or very easy the AV.

The accuracy results of TA and AV were respectively: sensibility (86,7% / 86,7%), specificity (75,9%/

72,4%) and negative predictive value (95,7% / 95,5%), positive predictive value (48,1% / 55,2%).

Conclusion: The teleaudiometry has showed a good option as an auditory screening method, presenting accuracy

next to screening audiometry. In comparison with this method, the teleaudiometry has presented a

similar sensibility, major specificity, negative predictive value and endurance time and, under positive

predictive value.
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RESUMO

Introdução: Os benefícios da triagem auditiva têm sido bem demonstradas, porém esses programas têm sido

restritos aos grandes centros.

Objetivos: (a) Desenvolver um método de triagem auditiva à distância; (b) Testar sua acurácia e compará-lo ao

teste de audiometria de triagem (AV).

Método: A telaudiometria (TA), consiste em um software próprio desenvolvido, instalado em um computador

com fone TDH39. Foi realizado um estudo de série em 73 pessoas entre 17 e 50 anos, sendo 57,5%

do sexo feminino, foram selecionadas aleatoriamente entre pacientes e acompanhantes do Hospital

das Clínicas. Após serem submetidos a um questionário de sintomas e otoscopia, os indivíduos re-

alizavam os testes de TA AV, com varredura em 20 dB nas frequências de 1, 2 e 4 kHz seguindo o

protocolo da ASHA (1997) e ao teste padrão-ouro de audiometria de tons puros em cabine acústica

em ordem aleatória.

Resultados: A TA durou em média 125±11 s e a AV, 65±18 s. 69 pessoas (94,5%) declarando ter achado fácil ou

muito fácil realizar a TA e 61 (83,6%) consideraram fácil ou muito fácil a AV. Os resultados da acurácia

da TA e AV foram respectivamente: sensibilidade (86,7% / 86,7%), especificidade (75,9%/ 72,4%) e

valor preditivo negativo (95,7% / 95,5%), valor preditivo positivo (48,1% / 55,2%).

Conclusões: A teleaudiometria mostrou-se uma boa opção como método de triagem auditiva, apresentando acurácia

próxima da audiometria de triagem. Em comparação a este método, a telaudiometria apresentou

sensibilidade semelhante, maiores especificidade, valor preditivo negativo e tempo de duração e

menor valor preditivo positivo.

Palavras-chave: programas de rastreamento, audiometria, telemedicina, transtornos da audição, testes auditivos.
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INTRODUCTION

A deficiency interferes with the perception of
hearing and speech recognition for the child, causing a
delay in the development of listening skills (detection,
discrimination, recognition, understanding and
attention). Thus, there are problems of understanding,
communication and learning, reflected in low academic
achievement and social isolation (1).

The prevalence of hearing loss in the general
population, taking into account the losses mild bilateral
or unilateral losses may exceed 7.7% of the people,
reaching even higher rates in developing countries (1).
BÉRIA et al. In an epidemiological survey on 2427
people in Rio Grande do Sul, found a prevalence of
some degree of hearing loss in 26.1% of the population,
while 6.8% have hearing disability (2).

The benefits of hearing screening in school
children have been well demonstrated, but the provision
of hearing screening programs has been restricted to
large centers, due to shortage of equipment and skilled
professionals in most cities in developing countries (1).
Thus, it appears necessary to examine the most
appropriate methods for use in countries with limited
resources, using a minimum investment in equipment
and training and that could be taught to primary health
care workers.

The use of equipment already available in schools
and health facilities as the computer would be an
alternative to the purchase of specialized equipment.
The possibility of using the Internet to download the
program and conduct the training of the executors of
the tests become unnecessary transport of materials
and people, facilitating the dissemination of screening
and improves the quality of screening programs (3).
Telemedicine has been proposed as an alternative to
alleviate these problems by allowing better quality
healthcare to underserved populations in rural towns
and cities, despite the difficulties caused by lack of
personal contact and kinetics (4). However, there are
no reports in the literature of methods to assess hearing
distance that does not use a specific device in the
remote point, as an audiometer, OAE equipment or
auditory brainstem response, nor without the need for
a specialized professional to operate the equipment so
in person or remotely. This study aims to: (a) develop
a screening method for remote identification of
individuals with hearing loss requiring further
investigation, (b) test its sensitivity, specificity and
predictive values, (c) Compare it with audiometry
screening.

METHOD

Teleaudiometry

The Teleaudiometry simulated on a computer,
tools and patterns of an auditory screening carried out
automatically by the software. The software can be
installed on any computer with Windows XP® operating
system and promotes the emission of pure tones of 1000,
2000 and 4000 Hz in each ear separately. With the aid of
a noise analyzer, you can adjust the intensity of the
stimulus delivered from an earphone (TDH 39). The
algorithm implementation and testing of software is
similar to that recommended by ASHA (1997) for an
auditory screening (5). Following this standard, the software
defines as negative screening cases in which the individu-
al responds to at least two of three sounds to 20 dB at all
frequencies tested (1000, 2000 and 4000 Hz) in each ear.
If these criteria are not met, the program classifies the
case as positive screening.

During the exam, the software detects any mouse
click or spacebar held in a period of up to four seconds after
emission of each tone, defining identification as an audible
sound. The sounds are emitted at intervals of random
duration between three and eight seconds, so that the
individual provide their appearance.

After the testing software can send the results and
data of individuals tested for a central database on the
Internet. This facilitates the control and statistical data
analysis and management of cases that need referral, with
medical evaluation and / or speech therapy.

Casuistry

This study was approved by the Ethics Committee
and Analysis of Research Projects, Faculty of Medicine,
University of São Paulo as 713/05.

We included individuals aged between 17 and 50
years randomly selected from among patients and caregivers
of Clinical Otorhinolaryngology, Hospital of the Faculty of
Medicine, University of São Paulo (FMUSP). Were considered
exclusion criteria:

a) Individuals with a history or signs of neuro-
psychomotor.

Thus, from September 2006 to March 2007 were
included 73 individuals, 42 (57.5%) were female and 31
(42.5%) males. Data regarding age and schooling are
presented in Table 1.
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There was no statistically significant difference
between the sexes regarding age and schooling.

All patients signed a consent form after being
informed about the objectives and nature of the experi-
mental study.

Equipment used in testing

Teleaudiometry program was installed on a laptop
Brand HP ® Pavilion dv4000 with Intel® Centrino 2.0 GHz,
1024MB memory, 128 MB video memory, 100 GB HD,
Sound Card SoundMAX Integrated Digital Audio® , operating
system Microsoft®  Windows®  XP Home Edition and
Professional headset TDH 39 with adapter connector P10
to P2 mono stereo. The computer was calibrated after
determining the volume of the sound card and audio
devices, using a noise analyzer (Bruel & Kjær model 2250)
with artificial ear & Bruel and Kjær 4152 filter 1 / 1 and 1
/ 3 of eighth (Bruel & Kjær model 1625) and microphone
(Bruel & Kjær model 4144).

For screening audiometry (AV) was used an
audiometer Beta Beta Medical ® model 6000 with TDH 39,
and pure tone audiometry (PTA) audiometer Madsen
Electronics ® Midimate model 622, with TDH 39, both
calibrated two weeks before the start of testing in accordance
with the standards of ANSI-1999 (6).

The ambient noise level during the screening tests
was controlled with the aid of analyzer noise by observing
the standards of ANSI-1999 (6).

Achievement tests

Selected subjects answered a questionnaire

performed by the researcher with identifying data register
and otological complaints. Then, patients underwent a
bilateral otoscopy.

After answering the questionnaire, people were
subjected to tests of auditory screening (AV),
Teleaudiometry (TA) and pure tone audiometry (PTA) in
random order and made the same day. During testing of AT
and AV were measured noise environments, through the
weighted equivalent sound level (LAeq) and maximum
sound level (LAMAX), and time.

Prior to the completion of each exam, the individual
received guidance on implementing it. The executors of
the examinations of ATP and AV speech therapists were
accredited by the Federal Council of Speech Therapy. In
the case of ATP and AV, there was direct participation of
the audiologist in achieving, measuring and interpreting
results. Already in the TA, the role of the advisor was limited
to orient the individual in the test, making the detection of
responses and interpretation of results under the
responsibility of the software. The executors of each test
were unaware of the results of others.

The protocol for implementation of AV and TA was
based on the standard of ASHA (1997) for hearing screening,
or test with three tones at frequencies of 1000, 2000 and
4000 Hz at 20 dB (5). The tones were delivered in pulsed
form, with three pulses of 300 ms. First, we tested the left
and then right. The pure tone audiometry to pure tones in
sound enclosure was performed according to standards of
the Manual of Guidance of the Board of Speech (7). Were
adopted as criteria for hearing loss in the pattern of ATP, the
criteria for Davis & Silverman (8), which are based on the
average of three frequencies (500, 1000 and 2000 Hz)
above 20 dB HL in the better or worse ear .

After completion of the three methods, the tested

Table 1. Data regarding age and schooling, by sex of subjects studied.

Sex P Total (n = 73)

Male (n = 31) Female (n = 42)

Age (years)

  Average ± Standard deviation 34,3 ± 8,4 35,2 ± 9,7 0,662 34,8 ± 9,1

  Mínimum / maximum 20 / 48 17 / 50 17/50

Scholarity1

  1 incomplete degree 7 (22,6%) 9 (21,4%) 0,712 16 (21,9%)

  1 complete degree 8 (25,8%) 6 (14,3%) 14 (19,2%)

  2 incomplete degree 1 (3,2%) 3 (7,1%) 4  (5,5%)

  2 complete degree 9 (29,0%) 14 (33,3%) 23 (31,5%)

  3 incomplete degree 1 (3,2%) 4 (9,5%) 5 (6,8%)

  3 complete degree 5 (16,1%) 6 (14,3%) 11 (15,1%)

1 : Data presented as n(%). Test “t”; chi-squared.
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individual was questioned in relation to the difficulty in
implementing the TA and AV, sending a note from one to
five (1. Very easy, 2. Easy, 3. Regular 4. Difficult; 5 . very
difficult).

Statistical analysis

Data were stored and analyzed using SPSS for
Windows (SPSS Inc. - Chicago, II) version 13.0.

Were considered statistically significant when P
values were less than 0.05.

The differences between genders with regard to
age and education were analyzed, respectively, by testing
t-test and chi-square. To evaluate the accuracy of screening
tests for hearing loss diagnosis was done through the
calculation of sensitivity, specificity, positive predictive
value and negative predictive value, using as gold standard
pure tone audiometry in acoustic booth. For comparison of
the ambient noise during testing of AV and AT tests were
paired t. The comparison between the degrees of difficulty
encountered during the screening tests were performed
using chi-square.

RESULTS

The 73 individuals included in the study underwent
a questionnaire ear complaints (Table 2) and otoscopy
(Table 3).

The ambient noise levels during the testing of AV
and AT, shown in Table 4, were below the limits established
by ANSI-1999 (6). During the performance of two screening
methods (AV and TA), noise levels were shown to be
below the maximum allowed at all frequencies, but there
was a lower level of LAeq at 2000 Hz (p <0.05) during AV
and lower levels of LaMax in 2000 and 4000 Hz (p <0.05)
also during the AV.

The time of the Teleaudiometry ranged from 113 s
to 193 s with a mean of 125 ± 11 s and the VA ranged from
40 s to 129 s with a mean of 65 ± 18 s.

Individuals who underwent the screening tests
indicated a low degree of difficulty when performing
screening tests, as shown in Table 5.

Data regarding the accuracy of screening tests for

Table 4. Ambient noise (dB SPL re: 20 uPA) during screening with Teleaudiometry and auditory screening.

Frequency Maximum level of Teleaudiometry Screening audiometry p

in Hz noise (ANSI-1999) (average ± standard deviation) (average ± standard deviation)

(dB SPL) (6) (dB SPL) (dB SPL)

LAeq 1000 Hz 49,5 28,1 ± 4,5 a 27,5 ±4,3 a 0,252

2000 Hz 54,5 26,3 ± 4,9  a 24,8 ±5,1 b 0,008

4000 Hz 62,9 24,1 ± 5,7 a 21,4 ±5,3 a 0,089

LAMax 1000 Hz 49,5 47,8 ± 6,7 a 46,7 ±6,5 a 0,053

2000 Hz 54,5 46,6 ± 7,3 a 43,3 ±7,6 b 0,040

4000 Hz 62,9 43,4 ± 8,9 a 40,0 ±7,9 b 0,008

T-test paired. Statistical significance by different letters (a, b).

Table 2. Questionnaire results of clinical evaluation of

subjects studied.

Symptoms Not Yes

Hearing loss 46 (63,0%) 27 (37,0%)

Buzz 49 (67,1%) 24 (32,9%)

Otorrhea 67 (91,8%) 6 (8,2%)

Table 3. Findings on otoscopy.

Otoscopy Left Right

N (%) N (%)

Normal 64 (87,7%) 62(84,9%)

Perforation 0 (0,0%) 1(1,4%)

Otorrhea 2 (2,7%) 3 (4,1%)

Retracted tympanic membrane 2 (2,7%) 1(1,4%)

Timpanosclerosis 1(1,4%) 2 (2,7%)

Cerumem 4 (5,5%) 2 (2,7%)

Others 0 (0,0%) 2 (2,7%)

Total 73 (100,0%) 73 (100,0%)
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diagnosis of hearing loss, using as the gold standard pure
tone audiometry, are shown in Table 6.

DISCUSSION

It is estimated 7.7% of the population have some
degree of hearing loss, observing an increase in prevalence
with increasing age and more frequently in developing
countries (1). The sample with 37% of people with
complaints of hearing loss, tinnitus in 32.9% and 8.9% with
otorrhea due to the fact of selection have been performed
on otolaryngological clinic of a referral hospital (Table 2).

The normal otoscopy in approximately 85% (87.7%
and 84.9% left ear right ear - Table 3) of individuals is
consistent with findings in other studies that show a low
sensitivity of otoscopy in detecting people with hearing
loss, because in most of them otoscopy is normal, and this
method is dependent on the technical capacity of execu-
tor, has low reproducibility (9, 10).

The hearing screening is usually performed in an
environment with no soundproofing, so that the noise
environment can influence the test results. The ambient
noise levels found in the study, presented in Table 4
remained below the recommended by ANSI (6) at all
frequencies and decreased with increasing frequency
evaluated, which is consistent with findings in the literature
(11, 12).

The time of the Teleaudiometry proved reasonably
rotating around 125 s, but it took about twice the time of
AV (65 ± 18 s). According to the results obtained for every
60 individuals tested would need at least one more time to
test if the Teleaudiometry was chosen instead of the
auditory screening.

Individuals subjected to screening tests reported
low degree of difficulty to perform them, as shown in
Table 5, with a significantly lower upon Teleaudiometry
(p <0.001). This may be due to greater concentration
during Teleaudiometry, as the patient interacts directly
with the computer and observe their responses on the
screen.

The sensitivity of 86.7% found for the tests of
auditory screening and Teleaudiometry reflects the
similarity of the results of both methods. This result was
expected since the protocol implementation and
interpretation of the two methods are similar. The doubt
on the efficiency of Teleaudiometry would be the
possibility of the computer does not have sufficient
stability to replicate the results satisfactorily or there is
difficulty in performing the test. This doubt was cured by
the similar performance to the test with audiometer and

Table 5. Difficulty reported by patients during screening

with Teleaudiometry and auditory screening.

Difficulty Teleaudiometry Screening audiometry

Very easy 24 (32,9%) 13 (17,8 %)

Easy 46 (63,0%) 49 (67,1%)

Regular 3 (4,1%) 11 (15,1%)

Difficult 0 (0,0%) 0 (0,0%)

Very difficult 0 (0,0%) 0 (0,0%)

Statistical significance at p <0.001 (x²)

Table 6. Calculation of sensitivity, specificity and predictive values for Teleaudiometry (TA) and auditory

screening (AV), evaluated from the pure tone audiometry (PTA).

Hearing loss criteria Sensibility Specificity VPP VPN

Davis and Silverman, 1970 (8) TA 86,7% 75,9% 48,1% 95,7%

AV 86,7% 72,4% 55,2% 95,5%

Davis and Silverman, 1970 - moderate TA 100,0% 67,6% 18,5% 100,0%

hearing impairment or worse (8) AV 100,0% 64,7% 17,2% 100,0%

PPV: positive predictive value, NPV: negative predictive value.

Table 7. Results of the Teleaudiometry when compared

to the pattern of pure tone audiometry.

Pure tone audiometry

 Davis and Silverman (8) criteria

Normal Hearing loss

Teleaudiometry Passing 44 2

Failure 14 13

Table 8. Results  of the Screening audiometry when

compared to the pattern of pure tone audiometry.

Pure tones audiometry

Davis and Silverman (8) criteria

Normal Hearing loss

Screening Passing 42 2

audiometry Failure 16 13
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stability found during the calibration of the computer
during the test, no adjustments are needed. The results in
sensitivity are consistent with those found by other
authors, ranging between 82 and 100% (13, 12, 14, 15).
This variation in sensitivity of the method of screening
audiometry is due, among other factors, the use of
thresholds and different techniques for screening and to
define hearing loss (12). The adoption of different criteria
for hearing loss leads to different results on the test used
as standard. Thus, studies that adopt criteria with higher
thresholds tend to have higher sensitivity for the screening
test (13). You can demonstrate this by observing the
increased sensitivity of Teleaudiometry and auditory
screening to 100% as a criterion in considering the
presence of hearing loss threshold of the frequencies of
500, 1,000 and 2,000 Hz above 40 dB (mild hearing loss
- DAVIS and SILVERMAN (8)).

Even without using the frequency of 500 kHz, there
was not a departure from the results of the studies included
in this frequency protocol (12, 13, 14, 15). Thus, it is
prudent not to recommend the use of this frequency since
the ambient noises tend to be more intense in low
frequencies (16) and most of the places where these
methods of hearing screening will be used in practice not
provide equipment to measure noise and are admittedly
noisy environments.

The specificity of Teleaudiometry (75.9%) was
slightly higher than the audiometric screening (72.4%).
This difference may be due to chance or to more easily
found by individuals in achieving Teleaudiometry. The
specificity of the auditory screening generally varies in the
range between 65,9-99,0%, with most studies between
70.0 and 80.0% (1, 12, 13, 14, 15).

Compared to other techniques for sorting,
teleaudiometry shows up as a good option, because it
showed similar results for auditory screening, which
according to a recent systematic review remains one of the
methods the best results regarding sensitivity and specificity
to the binomial (1). Audiometry screening has the
disadvantage of needing equipment and skilled
professionals, which prevents their use in most places
outside major urban centers and makes this method
economically disadvantageous, especially in developing
countries like Brazil. In patients with limited understanding,
probably the day of telaudiometria will be undermined,
and in these cases, the presence of a qualified professional
will facilitate the implementation of the test. In addition, an
audiologist or otologist may recognize other communication
disabilities and / or cognitive skills during the assessment.
Thus, Teleaudiometry appears as a viable alternative for
sites with a shortage of trained professionals in screening
audiometry.

The Teleaudiometry had a higher sensitivity than
that found in most studies using tympanometry (1, 17, 18).

In populations that are difficult to collaboration, as
younger children or with some degree of neuro-
psychomotor retardation, otoacoustic emissions, particularly
transient, appear to have better results. However, our data
suggest, in agreement with the literature findings, in the
general population, the Teleaudiometry and auditory
screening methods show themselves as superior, showing
higher sensitivity and lower specificity (15, 19).

Other studies have sought methods of low-cost
alternative to existing methods for screening hearing. The
questionnaire to parents have proven methods such as low
reproducibility, with great variation in the results of
sensitivity and specificity, so that most authors agree that
the questionnaires are flawed methods should only be used
in the absence of more effective methods (1).

The method of video test, which was used in
national campaigns for screening hearing in Brazil in 1999
and 2001, has the advantage of using equipment widely
available in schools and health units, such as television and
a video player, but fails reproducibility, lack of
standardization and inefficiency in identifying unilateral
loss (20). It was precisely these difficulties have stimulated
the idealization of this study.

Other methods that use telemedicine for tests in
places with scarce resources, such as remote computer
equipment audiometric test enables individuals in remote
locations with good results, but require sophisticated
equipment (4, 22, 23 ). These systems are unworkable in
practice in developing countries due to economic
constraints.

You cannot raise a discussion on implementation of
hearing screening programs, without questioning the
viability of the economic point of view and availability of
manpower and equipment. In countries with economic
restrictions it becomes even more important. It’s no good
just to demonstrate the high accuracy of a method because
it does not guarantee the applicability in practice. It is
necessary to consider the most appropriate methods for
use in countries with limited resources, using a minimum
investment in equipment and training and that could be
taught to primary health care workers (3). In this context,
Teleaudiometry respect the parameters of good accuracy
and simplicity of implementation and training facility of the
applicators of the test. Moreover, the method uses
equipment that is already partly available on the possible
sites of use as schools and basic health units, requiring only
an adaptation of the computer by purchasing a headset
specific. The possibility of using the Internet to download
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the program and conduct the training of the executors of
the tests makes it unnecessary to transport materials and
people, facilitating the diffusion of this method in countries
with continental dimensions like Brazil.

CONCLUSION

The Teleaudiometry proved to be a good option as
a method of hearing screening, with accuracy close to the
auditory screening. Compared to this method, the
telaudiometria showed similar sensitivity (86.7%), higher
specificity (75.9% vs. 72.4%) and negative predictive
value (95.7% vs. 95.5%) and lower positive predictive
(48.1% vs. 55.2%).
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