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ABSTRACT
Purpose: to compare the accuracy of different criteria used to analyze transient evoked 
otoacoustic emissions in schoolchildren.
Methods: an accuracy study, where an audiological assessment (audiometry, logo-
audiometry, tympanometry) and transient emissions were performed with 70 school-
children, from the first to the fifth grade of a municipal school, in Northeastern Brazil 
(6-14 years, 9.9 ± 2 years), with four criteria, all with signal-to-noise ratio ≥ 3 dB, 
being: criterion A, in all frequency bands; B, in three consecutive frequency bands; C, 
in three of the five non-consecutive frequency bands; D, in 2, 3 and 4 kHz. Sensitivity, 
specificity, accuracy and predictive values with their respective confidence intervals of 
95% were analyzed. 
Results: criterion A showed higher sensitivity (92.31%, 95% CI: 67-98%) and lower 
specificity (17.35%, 95% CI: 10-29%); criterion C higher specificity (84.21%, 95% 
CI: 72-91%) and higher positive predictive value (52.63%; 95% CI: 51.63-54.63). 
Accuracy was 82.85% (95% CI 78.23-87.47) in criterion C and 70% (95% CI: 65.38-
74.62) in criterion B. 
Conclusion: criterion C, signal-to-noise ratio ≥ 3dB in three non-consecutive fre-
quency bands, showed the best accuracy, being considered the best choice as a cri-
terion for the isolated use of transient emissions as a hearing screening procedure, in 
schoolchildren.
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INTRODUCTION
The worldwide prevalence of disabling hearing loss 

in children is 34 million cases1, being substantially 
higher in low/middle-income countries compared to 
high-income ones2. In the school age group, the preva-
lence of hearing loss varies according to sociocultural 
conditions and access to health services. Childhood 
hearing impairment may occur after middle ear compli-
cations3 and may be associated with upper airway 
infection4 and cerumen accumulation as a cause of 
hearing loss5,6. Lack of access to primary health care 
in developing countries often leads to inadequate 
treatment of middle ear infections in children.

In view of the hearing risk from middle ear infec-
tions and the benefits of early intervention, regular 
hearing assessment of schoolchildren is recom-
mended7,8, preferably within a hearing health program8. 
Although surveys of the prevalence of hearing loss in 
this population have different methods, the relevance 
of investigating hearing loss and the need for early 
intervention in this age group are unanimous9. The 
procedure defined as the reference standard used to 
assess schoolchildren is pure-tone audiometry7, while 
acoustic immittance measurements and otoscopy 
are the tests chosen to detect specific middle ear 
alterations. Transient Evoked Otoacoustic Emissions 
(TEOAE) can be used in school hearing screening7,10,11 
because it is a fast procedure with a high rate of accep-
tance by children, and therefore suitable for school 
hearing screening programs12. In addition, there is 
evidence that it has better sensitivity and specificity 
when compared to pure-tone audiometry and tympa-
nometry, with the advantage of being a method that 
does not require the response of the child and is faster 
than the others, especially when compared to pure-tone 
audiometry9. Implementing the use of TEOAE may 
reduce referral rates, increase identification of hearing 
loss and improve follow-up rates for hearing disorders13.

Generally, the use of TEOAE as a hearing screening 
method in school uses predominantly click stimuli that 
have a wide frequency band and produce a global 
cochlear response. By and large, the click stimulus is the 
standard of TEOAE equipment for hearing screening14. 
The click TEOAE amplitude tends to decrease with age. 
The amplitude of otoacoustic responses is greatest 
up to 1 year of age (about 4.25 dB SPL), decreasing 
to 0.26-0.52 dB SPL from 1 to 10 years, 0.23 dB SPL 
from 11 to 25 years, and 0.14 dB SPL from 26 to 60 
years15. The signal-to-noise (SNR) ratio also decreased 
with increasing age in the frequency bands above 1.5 

kHz. The signal-to-noise ratio at higher frequencies 
reduces faster than at lower frequencies, leading to the 
maximum change in the signal-to-noise ratio from 2, 
3 and 4.0 kHz in neonates to 1.5 kHz in adults, which 
further decreases the total TEOAE response level15. 
During development, it is noted that, in neonates, 
TEOAE responses are most robust in the frequency 
bands from 2 and 4 kHz; and in preschoolchildren and 
schoolchildren, they are generally uniform between 1 
and 4 kHz. 

In the recommendations of the American Academy 
of Audiology7, the pass/fail criteria for each TEOAE 
equipment should be established according to the 
age group served by the hearing screening program. 
Nevertheless, comparative scientific evidence of the 
accuracy of different criteria is needed to help profes-
sionals who work with hearing screening in school-
children using the TEOAE click stimuli16, contributing to 
the use of the procedure as a tool for hearing screening 
in schoolchildren and, consequently, to the identifi-
cation of hearing loss.

Based on the changes that occur in the TEOAE 
responses and the signal-to-noise ratios during devel-
opment, it is inferred that the TEOAE pass/fail criterion 
adopted for neonates should not necessarily be the 
same used in hearing screening in preschoolchildren 
and schoolchildren. Accordingly, this study aimed at 
comparing the accuracy of different TEOAE analysis 
criteria in hearing screening of schoolchildren.

METHODS
The current study of diagnostic accuracy in the 

comparison of different TEOAE analysis criteria as a 
protocol for hearing screening in schoolchildren with 
audiological assessment was carried out after approval 
by the Research Ethics Committee of the Federal 
University of Rio Grande do Norte, Brazil (nº 030/11) 
and signing of the Free and Informed Consent Form by 
parents or guardians of the children. 

Based on a population of 182 schoolchildren 
enrolled in the first to fifth grades in a Municipal School 
in Natal (RN) and based on an estimated proportion 
of hearing loss of 16.8%3, a margin of error of 7% and 
a non-response rate of 5%, the sample calculation 
resulted in 72 schoolchildren. Of the 80 students who 
came to school after being invited, 3  special educa-
tional needs and could not finish all the procedures and 
7 dropped out. Accordingly, the sample consisted of 70 
schoolchildren aged between 6 and 14 years (9.9 ± 2), 
36 males and 34 females.  It was founf that 8 (11.4%) 
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were enrolled in the first grade, 9 (12.8%) in the second 
grade, 13 (18.6%) in the third grade, 20 (28.6%) in the 
fourth grade and 20 (28.6%) in the fifth grade. The eligi-
bility criteria for the sample were: being enrolled and 
attending school regularly, being able to perform all the 
procedures and perform them all on the same day, and 
not revealing an obstruction of the External Acoustic 
Meatus (EAM) at the time of the assessment.

The schoolchildren were submitted to meatoscopy, 
pure-tone audiometry (PTA), logoaudiometry, tympa-
nometry and TEOAE, carried out in a quiet room in 
the school by trained researchers, who assessed each 
procedure independently, that is, without knowledge 
of the results of the other procedures, thus character-
izing a single-blind study. PTA, logoaudiometry and 
otoacoustic emissions were performed in a acoustic 
enclosure. All procedures were performed on the same 
day to ensure the same assessment conditions in 
calibrated equipment. The ear at the beginning of the 
assessment was alternated in all procedures to avoid 
the effect of the initial ear. If an alteration was detected 
in any procedure, the schoolchild was immediately 
retested after removing the earphones or earpieces 
and re-instructing the procedure7. The noise intensity 
level was measured with an ICEL Manaus DL-4020 
decibel meter before, during and at the end of the 
procedures, with a mean of less than 50dB. The TEOAE 
survey was interrupted when the equipment detected 
excessive environmental noise, and then resumed 
under favorable acoustic conditions.

Meatoscopy with the Heidji otoscope assessed the 
conditions of the External Acoustic Meatus (EAM) of 
both ears; in the presence of obstruction or presence of 
a foreign body, the schoolchild was excluded from the 
study. PTA was carried out with an Interacoustic AD229 
audiometer and TDH-39 earphones. Hearing thresholds 
were assessed by airway in the frequencies from 250 
to 8000 Hz, and the bone pathway assessment was 
performed in the frequencies from 500 to 4000 Hz in 
the presence of lowered airway thresholds, both by 
the descending method. Speech recognition threshold 
(SRT) and speech recognition index (SRI) were inves-
tigated in logoaudiometry. Masking was applied when 
it was possible for the contralateral ear to contribute to 
the response of the tested ear. The schoolchildren were 
considered to have normal hearing thresholds when 
the quadritonal mean (500, 1000, 2000 and 4000 Hz) 
was equal to or lower than 15 dB HL17, and the best ear 
was considered to have SRT equal to or higher than 

92%, SRI compatible with the mean of 500, 1000 and 
2000 Hz18. 

Tympanometry was performed with an Interacoustic 
AT235 tympanometer in automatic mode, with a probe 
tone of 226Hz, generating pressure from +200 to -400 
daPa. In order to define the type A tympanometric 
curve, it was considered a middle ear pressure of 0 
daPa or close to it (ranging from +100 to -100daPa) 
and static compliance between 0.3 and 1.6cc19. The 
presence of negative pressure above -150 daPa (type C 
curve) or absence of pressure variation (type B curve) 
indicated conductive problems. 

In order to capture the transient evoked otoacoustic 
emissions (TEOAE), the Otoport equipment from 
Otodynamics in the Quickscreen mode was used, 
with click stimuli of intensity of 84dBpe and bandwidth 
size from 841 to 4757 Hz. The response, in the form 
of acoustic pressure in the EAM, was captured by a 
microphone attached to the probe that allowed the 
separation of Otoacoustic Emissions (OAE) and noise20. 
The amplitudes and the signal-to-noise ratio were 
recorded in the frequency bands of 1000, 1500, 2000, 
3000 and 4000Hz for each ear. The TEOAE reproduc-
ibility indexes, the level of noise present in the external 
acoustic meatus during testing, the time required 
(seconds) to capture TEOAE and the probe stability 
indexes in EAM were also recorded. In case of absence 
of TEOAE response, the probes were removed and 
then retesting was performed immediately, keeping 
and considering only the last response in the analysis7. 
When audiological alterations were detected in any of 
the audiological assessment stages, the schoolchild 
was referred for medical assessment at the Municipal 
Health Network.

In order to analyze the TEOAE pass criteria, it was 
established four criteria (Figure 1). In all criteria, it 
was adopted a 3dB signal-to-noise ratio following the 
suggestion of the equipment used, as well as sugges-
tions from other studies conducted with the same age 
group14. Therefore, the variability studied among the 
criteria was the number of frequency bands with 3dB 
signal-to-noise ratio (criterion A compared to the other 
criteria), if they were consecutive or not (criterion B 
X criterion C) and frequency specificity (criterion D). 
These analysis choices were based on criteria adopted 
in another study and that may impact the decision 
making when defining if the individual passed or failed 
the TEOAE procedure during school hearing screening. 
All of the pass/fail criteria also met the conditions of 
TEOAE reproducibility higher than 50% and probe 
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and not the number of assessed ears, keeping the logic 
of pass/fail of the individual in a Hearing Screening 
Program7. 

Figure 1

stability higher than 70%21. As a “pass” result, it was 
considered the presence of TEOAE in both ears in each 
studied protocol. Accordingly, the data analysis was 
performed by the number of individuals in the study, 

The determination of accuracy is performed by 
comparing the “sick” and “not sick”, thus being 
classified from the reference test. Sensitivity is defined 
as the proportion of “sick” individuals that test positive 
for the disease under study, and specificity as the 
proportion of “not sick” individuals that test negative 
for the disease22. In this study, individuals identified 
with hearing loss were considered “sick”, while those 
who did not show hearing loss in the audiological 
assessment were considered “not sick”. In case of a 
positive result, the positive predictive value is the proba-
bility of having the disease; and, in case of a negative 
result, the negative predictive value is the probability of 
not having the disease22, in this case, hearing loss.   

The analysis of the results of pure-tone audiometry, 
logoaudiometry and tympanometry, which made up the 
audiological assessment (reference test), allowed the 
characterization of the presence of hearing loss as to 
type and degree. The presence or absence of hearing 
loss was considered as the result of the diagnostic test 
that was compared to the TEOAE result (index test), 
and individuals with hearing loss were not excluded, so 
that it was possible to determine the accuracy of the 
protocols. It was established the occurrence of a pass/
fail in the TEOAE of the sample for each of the four 
exposed criteria. From these results, the diagnostic 
characteristics of each criterion were assessed, 
comparing its pass/fail result with the presence/absence 
of hearing loss through the 2x2 table. Accordingly, the 

measurements of sensitivity, specificity, accuracy and 
positive/negative predictive values were obtained for 
each criterion with their respective confidence intervals 
of 95%. 

RESULTS

Among the assessed schoolchildren, 57 (81.43%) 
had a normal audiological assessment, indicating the 
absence of hearing loss, and 13 (18.57%) had hearing 
loss (HL). With respect to the type of HL, 11 (15.71%) 
schoolchildren had conductive hearing loss and 2 
(2.85%) sensorineural. As for laterality, 5 (38.46%) were 
bilateral and 8 (61.53%) unilateral. 

The mean TEOAE capture time was 18.98 seconds, 
with a mean probe stability of 96.85% and repro-
ducibility of 77.62%. The mean signal-to-noise ratio 
obtained per ear in the frequency band of 1kHz was 
lower than the other frequencies in the TEOAE test 
(Figure 2). 

When analyzing the occurrence of pass/fail 
according to the studied criteria, criterion A had the 
highest occurrence of failure, while criterion C had the 
highest occurrence of pass. From the analysis of sensi-
tivity and specificity, it was found that criteria A and D 
had higher sensitivity, while criteria B and C had higher 
specificity. The PPV of criterion C is higher, while the 
highest NPV is for criterion A (Table 1).

Figure 1. Pass criteria adopted in transient evoked otoacoustic emissions based on the signal-to-noise ratio in the frequency bands
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Table 1. Occurrence of pass/fail in transient evoked otoacoustic emissions and results of sensitivity, specificity, predictive values and 
accuracy, according to the analyzed criteria

Criterion Pass Fail SE SP PPV NPV Accuracy

A
11 

(15.72%)
59 

(84.28%)
92.31%

(CI:67-98%)
17.54%

(CI:10-29%)
20.34%

(CI: 19.34-31.34%)
9.09%

(CI: 8.09-10.09%)
31.42%  

(CI: 26.80-36.04%)

B
42

(60%)
28

(40%)
76.92%

(CI:49-92%)
68.42%

(CI:55-79%)
35.71%

(CI: 41.86-44.86%)
7.14%

(CI:13.29-15.29%)
70%  

(CI: 65.38-74.62%)

C
51 

(72.86%)
19 

(27.14%)
76.92%

(CI:49-92%)
84.21%

(CI:72-91%)
52.63%

(CI:51.63-54.63%)
5.88%

(CI:4.68-6.58%)
82.85%  

(CI: 78.23-87.47%)

D
45

(64.28%)
25

(35.71%)
84.62%

(CI: 57-95%)
40.35%

(CI:28-53%)
24.44%

(23.44-26.44%)
8.00%

(CI:7-9%)
48.57%  

(CI: 43.95-53.19%)

Captions: SE – sensitivity; SP – specificity; PPV – positive predictive value; NPV – negative predictive value; CI – confidence interval.

Figure 2. Mean signal-to-noise ratio per ear and frequency bands in the studied sample

DISCUSSION

The results of the current study showed that the 
choice of assessment criteria influenced the TEOAE 
accuracy during hearing screening. The criteria A and 
D proposed by this study resulted in higher sensitivity, 
while criteria B and C produced higher specificity, the 
latter being associated with the highest positive and 
negative predictive values. The accuracy was highest 
for criterion C, followed by criterion B, while criteria D 
and A had an accuracy below 50%. 

The SNR ratio is an important parameter in 
the TEOAE analysis, commonly with more robust 
responses in neonates16. In the school context, TEOAE 
can be applied in association with other procedures, 
such as hearing threshold tests6, and TEOAE by 

distortion product23,24 or chirp stimuli14 can also be 
used. Due to the fact that the goal of this study was to 
learn about different TEOAE analysis criteria, they were 
applied in isolation, but their results were compared for 
the different criteria. They may constitute a potential for 
the use of TEOAE in schoolchildren screening as well, 
as is already the case for the neonatal public, or even 
show changes in the results of diagnostic accuracy 
from the combination of procedures.

The pass/fail criterion interferes with the results 
found; other studies involving preschoolchildren and 
schoolchildren showed a SNR higher than or equal to 
3 dB in all frequency bands and reproducibility higher 
than 50%25, similar to criterion A and the SNR ratio 
of the four criteria assessed in this investigation. An 
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analysis of different pass/fail criteria in neonatal hearing 
screening found the presence of response in two or 
three frequency bands as a valid criterion16, different 
from that found for the sample of this study with school-
children. Although they are different populations, the 
studies with neonates explore more these aspects of 
the analysis of the criteria to define the presence and 
absence of the response, as a result of the pass/fail 
parameter. It is inferred that this difference in results 
from the pass criterion with presence of response in 
all bands or two to three frequency bands is probably 
due to the high presence in neonates of absence or the 
decreased SNR ratio in the frequency bands of 1000 
and 1500 Hz, because of both anatomical issues in 
the external acoustic meatus of neonates and possible 
conductive alterations in these structures in the first 
year of the baby’s life. It was also observed a lower 
mean SNR ratio in the frequency of 1000Hz, corrobo-
rating what is evidenced in neonates and children. 
Such changes that occur from conductive alterations 
may also occur among schoolchildren, showing the 
possibility of adopting this criterion for screening in the 
school environment. 

Quickscreen recording has a short recording window 
with shorter length, and can be used for fast detection 
of valid TEOAE in neonates. Compared to other linear 
and non-linear protocols, this mode had lower repro-
ducibility, especially from 1 to 1.4 kHz, with the greatest 
difference observed in 1 kHz14. Another study, also with 
neonates, used Quickscreen capture as an inclusion 
criterion for cochlear function screening research21. 
In turn, another study conducted with adults found a 
significantly higher SNR ratio in the Quickscreen mode 
in 1, 2 and 4 kHz26. However, it is important to underline 
that these studies were conducted with school-aged 
participants and used different equipment from that 
used in the current work. Nevertheless, the appli-
cation of different screening analysis criteria applied 
and studied in neonates is an important factor to be 
considered also in schoolchildren, thus discussing the 
impact of variations in the criteria on the final screening 
result. Therefore, Quickscreen capture is an important 
point to be investigated in new studies, mainly for 
its fast application and due to the fact that this is an 
aspect to be considered in a school hearing screening 
program.

Research with Slovakian schoolchildren showed 
signal-to-noise ratio means lower than 3 dB in 1000Hz 
and 4000Hz27, which reiterates the possibility of using 
SNR ratios lower than 3dB in criteria B, C and D. It is 

important to underline that the study by Pavlovcinova 
and collaborators (2010)27 used a diagnostic 
equipment, while the current study used a portable 
equipment aimed at performing screening, which may 
lead to different results. In another study28, preschool-
children and schoolchildren were assessed with 
TEOAE and pass/fail criterion of SNR ratio higher than 
3 dB in three bands of the five tested frequency bands, 
similar to criteria B or C in this research, agreeing with 
the results found here and corroborating the adoption 
of criterion C. 

In this study, the use of 3dB revealed a low rate of 
false positive, high effectiveness and high predictive 
value, while it is already proposed in the literature 
that the SNR ratio starting at 1dB can improve these 
results29. This partial agreement may be justified due 
to the wider age group of the current sample. There is 
greater evidence of conductive hearing loss in children 
of this age group5, besides the possibility of hearing 
loss in adolescents due to non-occupational noise 
exposure30; therefore, a study that contemplates these 
two audiences, with probable etiologies of different 
hearing alterations, points out other results. Among 
conductive alterations in childhood, otitis media with 
effusion is frequent and should be considered in 
hearing health programs. Despite the possible differ-
ences between the most frequent hearing impairments 
in younger children or adolescents, it was not the goal 
of this study to compare the different criteria between 
these age groups. However, it is possible that the 
TEOAE protocols may be adjusted according to age 
characteristics, a hypothesis that should be investi-
gated in further studies.   

The relationships between TEOAE and conductive 
alterations have been investigated. A Brazilian study that 
compared TEOAE and distortion product responses 
in schoolchildren with and without a history of otitis 
media found that the responses were more likely to be 
absent and with statistically smaller amplitude in the 
group with a history of otitis media31. A previous study 
diagnosing otitis media with effusion assessed TEOAE 
capture with SNR ratio equal to or higher than 6 dB 
in four of the five tested frequency bands10. Another 
study32 on middle ear alterations used SNR ratio equal 
to or higher than 3 dB as a criterion in three of the five 
tested frequency bands, similar to criteria B and C. The 
absence of TEOAE found was highly related to middle 
ear alterations32. This difference in criteria in specific 
audiological alterations also points to the importance 
of new studies with different TEOAE pass/fail criteria, 
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since schoolchildren may reveal a diversity of audio-
logical alterations, which should be screened8.

The better measurements of diagnostic accuracy 
found in Criterion C may be justified not only by the 
sample characteristics, but also by the TEOAE charac-
teristics. Because they use a broad stimulus such as 
the click, the response of the Outer Hair Cells’ function-
ality will also be broad, and the absence of response 
in a frequency band is not a guarantee of hearing loss 
in that band. Because of these physiological charac-
teristics, the best diagnostic measurements can be 
justified in the criterion that considers the response in 
three non-consecutive frequency bands.   

It has been recommended that actions be taken to 
reduce the impact of disabling hearing loss, such as 
the prevention and identification of hearing loss and 
ear diseases33. In this context, hearing screening plays 
an important role, as it can be applied on a large scale 
in asymptomatic populations, thus allowing the identi-
fication of these alterations, with a view to carrying out 
other stages of hearing screening programs.

Hearing screening in schoolchildren is considered 
cost-effective34, but there is no determined protocol for 
its accomplishment around the world35, which gains 
particular emphasis with TEOAE, already widely used 
in the country with neonatal hearing screening. They 
can be used in the initial stage of a school hearing 
screening program, as an identification stage, which 
will help not only to determine the prevalence and 
incidence of hearing loss, but may also contribute to 
the follow-up of these schoolchildren in the education 
and health network.

However, despite the relevance of the prevalence 
and factors associated with hearing loss in school-
children4, the study of effective and economical 
methods seems to be a reality in places where hearing 
health promotion is not a priority and hearing screening 
is not routine, as in other countries. Seen in these 
terms, studies and discussions of methods that include 
technological innovation, such as hearing screening 
apps36 or automated hearing threshold setting37, should 
also be carried out to fit local health realities. In this 
sense, the inclusion of screening as part of a hearing 
health program8 requires the selection of a procedure 
that best suits the living and health conditions of the 
involved population. School children who undergo a 
hearing screening with TEOAE have a high probability 
of not having hearing loss12, which is further highlighted 
by the common conditions in this age group of 
middle ear complications3, upper airway infection4, 

cerumen accumulation5,6 and non-occupational noise 
exposure30. All these conditions can be prevented to 
avoid hearing loss, for example, by means of hearing 
health education actions. However, if these complica-
tions are not prevented or identified through hearing 
screening with a method that is appropriate for this 
population, the schoolchild will have a reduced chance 
of intervention at an optimal time that minimizes such 
negative impacts.

The sample loss in this study may have interfered 
with the results, as observed by the confidence intervals 
and predictive values, which impact the external validity 
of the conclusions. The comparison with results from 
other studies available in the pertinent literature was 
limited by the availability of research with equipment 
similar to that used to capture the TEOAE data in the 
current study. In addition, the Quickscreen mode 
used in this investigation is rare in hearing screening 
studies. Despite the limitations, the results of this study 
point to the applicability of TEOAE as a screening 
procedure in schoolchildren. Therefore, it is suggested 
that further research be conducted comparing not only 
the different TEOAE criteria, but also the possibility of 
combining different hearing screening tests, in order 
to also increase the specificity. Based on the results, 
it is suggested to adopt criterion C when the TEOAE 
resources are used alone in the identification of hearing 
loss in schoolchildren. The application of hearing 
screening in a hearing health program also contributes 
to promote hearing health education actions that can 
contribute positively to the reduction of hearing loss 
cases. 

CONCLUSION

Among the criteria assessed in this study, criterion 
C (signal-to-noise ratio equal to or higher than 3dB 
in three tested non-consecutive frequency bands) 
had sensitivity and specificity higher than 70% and 
accuracy of 82.85%, being considered the best option 
as a criterion for the isolated use of transient emissions 
as a hearing screening procedure in schoolchildren.
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