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Abstract

Background: there is a need to determine parameters for the analyses of the distortion product
otoacoustic emissions (DPOAE) of infants so that it can be used as a clinical criterion in auditory
assessment. Aim: to describe the DPOAE records of infants from birth to two months, considering the
response level, noise level and the signal to noise ratio in all frequencies; the analysis of response level
according to the variables of gender, timpanometry pressure peak, state of infant during the test and
distribution of the response percentile level. Method: 138 infants were evaluated, al of which presented
no risk indicators for hearing loss and passed the hearing screening test. The parameters used were: L1
= 65dB SPL and L2 = 50dB SPL in the equipment I1LO292 - Otodynamics. Results: 70 male and 68
female were evaluated, with ages between 6 to 65 days. The medians for DPOAE level for each
frequency (f2) varied between 6.0dB SPL and 16.3dB SPL.The medians for the noise level for each
frequency (f2) varied between -12.5dB SPL and -2.1dB SPL. The medians for the signal to noise ratio
for each frequency (f2) varied between 10.5dB SPL and 25.5dB SPL. Conclusions: there was no
statistically significant difference between genders and between ears for the response level. The
timpanometry pression peak determined by three groups (between -50 and +50daPa; < -50daPa and >
+50daPa) indicated no influence on records of the response level. For clinical interpretation, percentile
5 can suggest hearing loss and percentile 95 can suggest normal hearing. Studies with infants who
present hearing loss are considered important in order to complement the clinical criterion in case of
presence of DPOAE and hearing loss.

Key Words: Hearing Tests; Infant; Early Diagnosis.

Resumo

Tema: na Audiologia clinica ha uma necessidade de se estabelecer par@metros para andlise da emissao
otoacUstica - produto de distor¢do (EOAPD) em lactentes, com a finalidade de utiliza-los como critério
clinico na avaliagao audiol6gica. Objetivo: descrever os achados do registro das EOAPD em lactentes
até dois meses de idade por meio da andlise do nivel de resposta, do nivel de ruido e darelagéo sinal/ruido
em todas as bandas de freguéncias; da analise do nivel de resposta em relagdo as variaveis. género, pico
de pressdo na timpanometria e estado do lactente durante o exame e da distribuicdo do percentil do
nivel de resposta. Método: foram avaliados 138 lactentes sem indicadores de risco para perda auditiva
e que passaram na triagem auditiva. Os parametros foram: L1 = 65dBNPS e L2 = 50dBNPS no
equipamento L0292 - Otodynamics. Resultados: Foram avaliados 70 lactentes do género masculino e
68 do feminino. As medianas do nivel de resposta das EOAPD por freqiéncia (f2) variaram entre 6,0dB
NPS e 16,3dBNPS. As medianas do nivel de ruido das EOAPD por frequéncia (f2) variaram entre -
12,5dB NPS e -2,1dBNPS. As medianas da relagdo sinal/ruido das EOAPD por freqiiéncia (f2) variaram
entre 10,5dBNPS e 25,5dBNPS. Conclusfes: Ndo houve diferenca estatisticamente significante entre
géneros e entre orelhas para o nivel de resposta. O pico de pressdo na timpanometria definido por trés
grupos (entre -50 e +50daPa; < -50daPa e > +50daPa) n&o influenciou no registro do nivel de resposta
Para uma interpretagdo clinica, o percentil 5 pode sugerir perda auditiva e o percentil 95 pode sugerir
audicdo dentro da normalidade. E importante a realizacdo de estudos com lactentes com perda auditiva
para que se possa complementar o critério clinico no caso de presenca de EOAPD e perda auditiva.
Palavras-Chave: Testes Auditivos; Lactente; Diagndstico Precoce.
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Introduction

Early detection of hearing loss is howadays
considered an essential factor for better resultsin
the therapeutic process. Furthermore, the adequate
hearing development iscritical for the speech and
language acquisition allowing the child's social,
psychic and educational development.

Deafnessin childrenisconsidered areal Public
Health problem duenot only to itshigh prevalence,
but also to its multiple consequences (Oliveira et
a.2002).

A battery of tests is recommended for the
diagnosis of hearing loss, using behavioral and
eectrophysiological evaluations, such asbehaviora
observation audiometry (BOA - Behavioral
Observation Audiometry), acoustic immitance
measures, otoacoustic emissions (OAE), auditory
brainstem response (ABR). This battery of testsis
suggested to determine the type, the degree and
the configuration of the hearing loss in order to
achieve the differential diagnosis, the intervention
and the hearing aid fitting in sensory neural, mixed
and conductivedisorders (Gravel & Hood, 2001).

Itisimportant to consider that no audiol ogical
evaluation technique is considered better than the
other. In fact, the use of a battery of proceduresis
the best way to evaluate the child's hearing
correlating al findings. Despite the contribution
of technology for the improvement of children's
testing, no measure should be used isolated to
evaluate achild's hearing (Gravel & Hood, 2001;
Jacobson & Jacobson 2004).

The otoacoustic emission has been known for
severa reasons. One of them is for representing
the inner ear skill to create its own sound
vibrations, that is the existence of a cochlear
activity; before this, it was believed that the
cochleawas passive. Another reason is due to the
technological development of the OAEs, which
allowed its use in both early identification of
hearing loss (neonatal hearing screening) and
audiological assessment, having a crucial role
within the battery of tests (Kemp, 2002).

One of the advantages of using the OAEsasa
clinical test isthe simple, non invasive and quick
way of being measured in the external acoustic
meatus. The OAEs are useful in the differential
diagnosis of sensory neural hearing loss, in the
screening of cochlear functionin children or other
patients hard to betested, and in the monitoring of
outer hair cells (OHC) in patients exposed to
ototoxic drugs, noise, or with progressive hearing
pathology (Lonsbury-Martinet al., 2001).
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In Brazil, the otoacoustic emission evoked by
transient stimulus (TEOAE) is more commonly
used either in neonatal hearing screening or inthe
audiological evaluation, once it presents better
defined recording parameters than the distortion
product otoacoustic emission (DPOAE). Thisfact
may be evidenced by the existence of a great
number of studies with TEOAE in hearing
screening (Denzinet a., 2002; Bassetto et al ., 2003;
Pachoal & Azevedo, 2004; Speri & Pratesi, 2004;
Duranteet a., 2005; Saitoh et al., 2006).

The distortion product otoacoustic emission
has specific characteristics of evaluating high
frequency bands and of early detecting hearing
loss, being essential in the neonatal hearing
screening and in the composition of the battery of
testsinvolving children's audiol ogical assessment
(Del'Aringaet a., 2004). Therefore, thereisaneed
to establish parametersfor the analysis of DPOAE
findingsin children, aiming to usethem asclinical
criteria in the audiological assessment, once the
great majority of studiesis performed with adults.

These parametersmay alow the DPOAE to help
in the differential diagnosis of children with and
without hearing loss. Thus, according to Sininger
(2003), thereisan improvement in the diagnosis of
children's hearing losses allowing the examination
as early as possible and, consequently
interventions that provide the oral language
development of those children.

A pertinent study inthisareais of Gorgaet al.
(2000) that aimed to describe the response level,
the noise level and the signal to noise ratio of
DPOAE in neonatesfor abroad frequency area(1;
1,5; 2; 3and 4 kHz), using two stimuli levels (L1
L2) of 65/50 dBSPL and 75/75 dBSPL, in the
equipment ILO 92 Otodynamics Analyzer. The
other purpose of this study was to correlate these
DPOAE findings with the variables: age, test
environment (private room, intensive care unit,
acoustic cabin, bed, functioning and non
functioning isolete), neonate's state (deep sleep,
light sleep, deepy, alert/quiet, aert/active, crying),
and testing time. The DPOAE were registered in
2348 neonates without risk indicators for hearing
loss and in 4478 neonates of intensive care units.
The criteria for interrupting the DPOAE were:
responses had to be at least 3 dB above the
background noise (2° standard deviation) in at | east
4 of the 5 tested frequencies and, if this criterion
was not reached, the test was interrupted when
completing 360 seconds.

Pinto e Lewis.
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The authors observed that the DPOAE
responselevel, noiselevel and signal to noiseratio
weresimilar for all neonateswith and without risk
and for those in intensive care units. There was a
tendency for response levels greater in 1,5 and 2
kHz, compared with 3 and 4 kHz. Nevertheless, the
noise level s decreased while frequency increased,
resulting in amore favorable signal to noise ratio
in 3 and 4 kHz. For the frequency of 1 kHz, the
responselevel waslower and thenoiselevel, higher.
Except for the body activity and the crying of
neonates, the state had little influence in the
DPOAE results. However, the noise, and
consequently the signal to noiseratio wererelated
to the neonate state. The test environment had
littleinfluencein the DPOAE recordings, except in
the functioning isoletes suggesting that the primary
noise source isinternal to the neonate (breathing,
movements, etc.). There were afew subtle effects
of theageintheresponselevel of DPOAE, and the
premature neonates produced lower responses.

It'simportant for the relevance of this study to
consider that DPOAE may be present in normal
hearing individualsand in individua swith hearing
loss (from 30to 50 dBHL). Therefore, astudy that
demonstrates the DPOAE response level in
individuals with and without a hearing loss, in
different age groups using the percentile, is
necessary inorder for it to be used asan instrument
for the differential diagnosisof hearing loss. Inthe
present study neonates from 0 to 2 months of age
without hearing loss were eval uated, once most of
the studies found in the literature are conducted
with adults or with a broad age group.

Thus, the aim of this study wasto describe the
distortion product otoacoustic emission findings
in infants up to two months of age.

The specificaimswere:

. to analyzetheresponse level, the noiselevel and
the signal to noiseratio in all frequency bands;

. to analyze the response level according to the
variables gender, tympanometric peak pressure and
neonate state during the exam;

. to establish the percentile distribution of the
response level.

Method

This research was carried out in the Clinica
Audiology Section of the Communication
Disorders Education and Rehabilitation Division
(DERDIC - PUC/SP). Itisincluded inthe Research
Line "Children's hearing" of the Post Graduation
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Studies in Speech and Hearing Disorders of
Pontifical Catholic University of Sdo Paulo, and it
was approved by the University's Ethics
Commission - process n° 0165/2003 and by the
DERDIC'sResearch Committee.

One hundred and thirty eight infants (70 male
and 68 female, ranging in age from 6 to 65 days of
life),coming from the hearing screening service of
DERDIC were evaluated from May to December
2004. All infants were invited to take part in the
study and those whose parents accepted were
included. These parents were informed about the
research and signed the informed consent term.

Thefollowing procedureswere adopted for the
inclusion of the infants:

. parental interview in order to verify the possible
inclusion of the infant in the research;

. examination of external acoustic meatus for
verifying the presence, or not, of earwax or objects
that would hinder the exam,;

. tympanometry for verifying the tympanometric
curvetype"A", with amaximum peak compliance
at around O daPa, with avariation not greater than
-100 daPa;

. presence of TEOAE, that is, responseswith 50%
of general reproducibility with OAEs in 4
consecutive frequency bands, signal to noiseratio
of 3dBSPL inthefirst two bandsand 6 dBSPL in
the three last ones including 4000Hz, and probe
stability 75% (Prieve, 2002).

The following procedures were adopted for data
collecting:

1. the DPOAE recordingswere performed ininfants
placing the probe in the external acoustic meatus.
The infants state was described during the test,
which were light sleep, deep sleep, and alert
without body activity. If the infant was awake
moving or crying, thetest was not performed until
one of the states described above were reached.
2. parametersused for the DPOAE recordingswere
adapted from Gorgaet al. (2000):

.L1=65dBSPL and L2=50dBSPL; 2
.frequencies(f2): 1001, 1257, 1587, 2002, 2515, 3174,
4004, 5042 and 6348 Hz;

. criterion for interrupting the DPOAE: -3 dB of
background noise (2° standard deviation) from the
frequency of 2kHz. If this criterion was not reached,
thetest wasinterrupted when compl eting 360 seconds.
. if the infant presented altered results in any of
the exams, he was referred to a doctor in the
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institution for adequate diagnosis and follow up.

The material used in this study was: otoscope
Mini-Heine 2000; middle ear analyzer GS| 33;
TEOAE IL0292 - Otodynamics, DPOAE L0292 -
Otodynamics.

The following parameters were used in data
analysis: frequencies ploted in f2, response level
(2f1-f2), noise level (2° standard deviation), and
the signal to noise ratio (difference between the
noise and the response level). The data set was
established from the numeric analysis of DPOAE.

For the data analysis, a dependent variable
(response level) and the following independent
variableswere used:

. gender: maleand female

. tympanometric pressure peak: the findings were
divided into three groups with the purpose to
compare the response level medians within the
three groups defined by the tympanometry (group
1: between -50 and 50 daPa, group 2: <-50 daPa
and group 3: >+50 daPa). Groups constitution
defined by the tympanometry is not the same for
both ears. For example, aninfant whoseright ear is
in group 1, may have the left ear in group 2 or 3.
For this reason, the medians of the three groups
were compared, considering each ear separately.

. state of the infant during the exam: three groups
were constituted aiming to compare the response
level mediansin thethree states (light sleep, deep
sleep, and alert without body activity).
Thisanalysiswas a so performed by ear, oncethe
infant may not be in the same state when being
examined in theright and in the left ear.

Statistical analysis
Inferential analysis

In this part of the analysis, hypothesis tests
were performed in order to compare the response
level medians at each frequency (f2) according to
gender, group defined by the tympanometry and
state of infant.

The adopted approach wasthe Kruskal- Wallis
test for the equality of medians of two or more
populations. One of the assumptions for the use
of this technique is that the observations in

1. Inferential Analysis - consists on estimation techniques and hypothesis tests which allow results to be generalized for the target

population.
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different groups that will be compared, are
independent.

Percentile

Percentile p (0<p<1) isthe variable value that
leaves px100%of the observations below it. For
example: p=0,25 (25% of observations are below
thisvalue).

Inthisstudy, the percentiles5, 25 (first quartile),
50 (median), 75 (third quartile) and 95 of the
response level at each frequency (f2) for both ears
were adopted, based on studies of Gorga et al.
(1997).

The aim of percentiles is to help the
interpretation of the DPOAE recordings of infants
up totwo months of age. Therefore, aDPOAE may
beinterpreted by the percentile, considering results
below percentile 5 as possible cochlear
dysfunction, and results above percentile 95 as
within normality patterns.

Results

One hundred and thirty eight infants were
evauated, 70 maleand 68 female, al full term babies
without risk indicators for hearing loss, and that
had passed the hearing screening with TEOAE.

Of the 138 infants, 133 right ears and 132 left
ears were assessed (totalizing 265 ears), since it
was not possibleto register DPOAE in both ears of
all infantsdueto crying or to excessive movements.

The age varied from 6 to 65 days of life; the
mean agewas 21,5 days of life.

Comparison of responselevel mediansin male
and femaleinfants: asthereis concordance between
observations of both ears of the same infant, we
considered for each infant the response levels
median in the right and left ears (Table 1). We
obtained p>0,05in al frequencies, concluding thus,
that thereis no gender effect in the response level
median (Tablel).

Comparison of response level medians in the
three groups defined by tympanometry: the
frequencies and the percentage of infantsin each
group are presented in Tables2 and 3. The p-values
obtained in the Kruskal-Wallistest in each ear and
frequency (f2) are presented in Table 4. No
differences between the mediansin the three groups
were detected.
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Comparison of response level mediansin the
three groups defined by the state of the infant: in
Table5, thep-values of theresponselevel medians
obtained according to state of each infant in the
right and in the left earswill be presented.

The frequencies and the percentage of infants
in each state are presented in Tables 6 and 7.

The p-values obtained in the Kruskal-Wallis
test are presented in Table 8. No differences
between theresponse level medianswere detected
in the three states at each frequency (f2), in both
right and left ears.

Descriptive analysis of the noise level and of
the signal to noise ratio: Table 9 presents the
median values of the noise level observed in both
earsindifferent frequencies(f2). It can be observed
that medianswere higher in lower frequencies (f2),
such as1001, 1257 and 1587 Hz.

Percentile
Next, the response level percentiles 5, 25, 50,

75 and 95 at each frequency (f2) for both earswill
be presented, based on Gorga and col (1997).

TABLE 1. Response level medians (dBSPL) and p-values obtained in the Kruskal-Wallis test for the comparison of medians

observed in infants of both genders in both ears

F2 (Hz) Gender Median —right ear Median — |eft ear p-value
(dBSPL) (dBSPL)

1001 Mae 6,7 9,3 0,191
Female 58 50

1257 Male 11,8 13,0 0,137
Female 104 10,2

1587 Male 14,6 154 0,188
Female 134 131

2002 Male 15,7 14,2 0,318
Female 14,4 12,4

2515 Male 14,3 12,9 0,964
Female 13,9 13,8

3174 Mae 135 13,0 0,756
Female 14,3 14,0

4004 Male 16,2 14,1 0,833
Female 16,2 15,6

5042 Male 16,6 154 0,777
Female 17,5 158

6348 Male 6,8 54 0,632
Female 6,4 5,7

TABLE 2. Frequencies and percentages of infantsin each group defined by tympanometry — right ear

Group Frequency Percentage (%)
between -50 and 50 daPa 118 85,5
< -50 daPa 17 12,3
> +50 daPa 3 2,2
TOTAL 138 100,0
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TABLE 3. Frequencies and percentages of infantsin each group defined by tympanometry — left ear

Group Frequency Percentage (%)
between -50 and 50 daPa 125 90,6
< -50 daPa 10 7,2
> +50 daPa 3 22
TOTAL 138 100,0

TABLE 4. p-values obtained in the Kruskal-Wallis test for the comparison of the response level medians in infants from the three

groups defined by tympanometry

p-value
F2 (Hz) Right ear Left ear
1001 0,680 0,643
1257 0,508 0,290
1587 0,461 0,356
2002 0,564 0,577
2515 0,594 0,724
3174 0,597 0,053
4004 0,466 0,085
5042 0,853 0,787
6348 0,405 0,612

TABLE 5. Response level medians (dBSPL) observed according to the state of the infant in both ears

F2 (Hz) State Median —right ear Median — left ear
(dBPLS) (dBSPL)

1001 Light Sleep 57 6,8
Deep sleep 7.8 7,3

Alert 74 7,6

1257 Light sleep 99 99
Deep sleep 125 12,7

Alert 104 121

1587 Light sleep 153 137
Deep sleep 149 15,6

Alert 12,7 11,9

2002 Light sleep 17,1 12,8
Deep sleep 15,2 15,0

Alert 128 114

2515 Light sleep 138 12,7
Deep sleep 139 14,3

Alert 145 12,9

3174 Light sleep 135 134
Deep sleep 13,6 13,7

Alert 14,6 14,0

4004 Light sleep 158 138
Deep sleep 155 152

Alert 17,0 14,9

5042 Light sleep 18,3 153
Deep sleep 16,8 17,2

Alert 16,1 13,9

6348 Light leep 6,8 6,7
Deep sleep 4.8 57

Alert 7,6 31

200 Pinto e Lewis.
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TABLE 6. Freguencies and percentages of infantsin each state — right ear

State Frequency Percentage (%)
Light sleep 49 36,8
Deep sleep 39 29,3
Alert without body activity 45 339
TOTAL 133 100,0

TABLE 7. Frequencies and percentages of infantsin each state — left ear

State Frequency Percentage (%)
Light sleep 54 40,9
Deep sleep 37 28,0
Alert without body activity 41 311
TOTAL 132 100,0

TABLE 8. p-values obtained in the Kruskal-Wallis test for the comparison of the response level mediansin infants in the three states

p-value
f2 (Hz) Right ear Left ear
1001 0,936 0,946
1257 0,753 0,628
1587 0,656 0,136
2002 0,346 0,161
2515 0,978 0,360
3174 0,437 0,742
4004 0,852 0,279
5042 0,801 0,155
6348 0,420 0,269

TABLE 9. Medians of the noise level (dBSPL) observed in infantsin both earsin different frequencies

F2 (Hz) Median —right ear Median — |ft ear
(dBSPL) (dBSPL)
1001 47 5,25
1257 6,30 5,60
1587 6,10 6,05
2002 -2,40 -1,85
2515 -5,90 -6,60
3174 -5,20 -6,0
4004 -8,70 -9,25
5042 -9,80 -9,30
6348 -4,30 -4,65

Emisses otoac(sticas: produto de distorgéo em lactentes até dois meses de idade 201



TABLE 11. Averages, standard - deviation, minimum and maximum values and response level percentiles (dBSPL) in both earsin
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TABLE 10. Signal to noise ratio medians (dBSPL) observed in theinfants' both earsin different frequencies

different frequencies (f2)

f2 (Hz) Median —right ear Median — left ear
(dBSPL) (dBSPL)
1001 1,40 1,60
1257 5,40 5,50
1587 8,10 7,40
2002 17,10 15,80
2515 19,90 17,95
3174 19,50 19,10
4004 24,0 24,50
5042 26,10 25,0
6348 11,20 9,90

f2 (Hz) N Average  Standard Minimum Percentile5 Percentile25 Percentile50 Percentile75 Percentile95 Maximum
Deviation
1001 265 6,64 8,55 -34,7 -6,75 14 6,7 12,9 20,45 24,8
1257 265 10,77 8,03 -18,5 -3,46 57 11,5 16,5 23,6 28,4
1587 265 13,36 7,96 -8,5 -1,32 8,05 14,2 194 2521 30,5
2002 265 13,40 8,51 -24,4 -3,54 9,1 14,2 194 25,85 31,6
2515 265 13,27 7,56 -13,6 0,69 8,85 13,7 18,2 25,24 29,4
3174 265 13,10 6,95 -12,1 0,36 94 13,7 17,3 23,47 30,1
4004 265 15,00 7,14 -12,9 2,19 11,05 15,5 20,25 25,88 30,0
5042 265 15,85 7,23 -12,8 3,32 11,5 16,3 20,55 27,3 32,4

FIGURE 1. Response level percentiles 5, 25, 50, 75 e 95 at each frequency (f2) for both ears

response level (dBSPL)
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Discussion
Response level

Concerning the ear effect, there was no
statistical difference between right and left for the
DPOAE response level. It can be observed that
thereisamoderate concordance between response
levels in the ears of the same infant, that is the
observation of both ears of anormal hearing infant
aresimilar. Thisagreeswith the study of Raineri et
a. (2002).

Concerning the DPOAE responselevel median,
there was no gender effect. In al frequencies (f2)
thep-vauewasp>0,05: 1001 Hz (p=0,191), 1257 Hz
(p=0,137), 1587 Hz (p=0,188), 2002 Hz (p=0,318) 2515
Hz (p=0,964), 3174 Hz (p=0,756), 4004 Hz (p=0,8333),
5042 Hz (p=0,777) and 6348 Hz (p=0,632). Thisdata
corroborates the study of Hall 111 and Mueller 111
(1997) and Raineri et al. (2001).

No differences between the DPOAE response
level medians were detected in the three groups
defined by tympanometry (between -50 and +50
daPa; <-50 daPa and >+50 daPa). That is, the
tympanometric pressure peak established for these
three groups did not influence the DPOAE
response level recording in the sample.

Asregards to the infant's state during the test,
no differences between the DPOAE response level
median were detected in the three states (light
dleep, deep sleep and alert without body activity),
that is, the infant's state did not influence the test
result. This data corroborates the study of Gorga
et al. (2000) who observed that, except for the
neonate's body activity and crying, the state had
littleinfluencein the DPOAE results.

Noiselevel

It can be affirmed that the response level
median was higher in lower frequencies (f2), such
as1001 Hz (RE:4,7dBSPL / LE:5,25dBSPL); 1257
Hz (RE:6,30dBSPL / LE:5,60dBSPL) and 1587 Hz
(RE:6,10dBSPL / LE:6,05dBSPL). Thisdataagrees
with Hall 111 and Mueller 111 (1997), who affirmed
that the noise affects the identification and the
analysis of the DPOAE, specidly in frequencies
lower than 2 kHz. Thisfinding was also observed
in other studies such as Cerruti (2000), Gorgaet al.
(2000), Raineri et a. (2001) and Balatsouraset al.
(2006).

Cerruti (2000) observed difficulty to record
DPOAE inlower frequencies because the primary
noi se source was breathing and movements of the

EmissBes otoacUsticas: produto de distorcéo em lactentes até dois meses de idade

neonates.

Gorga et al. (2000) observed that the test
environment had little influence in the DPOAE
recording, except in functioning isoletes,
suggesting that the primary noise sourceisinternal
to the neonate (breathing and movements).

The higher the frequencies, the lower the
average of noise level. This data corroborates
Cerruti's (2000) findings.

Signal to noiseratio

Analyzing the DPOAE recording it was
possible to observe that noise levels decreased
while frequencies increased, resulting in a signal
to noiseratio morefavorablein 2515 Hz (RE: 19,90
dBSPL/LE:17,95dBSPL) 3174Hz (RE:19,50dBSPL/
LE:19,10dBSPL),4004Hz (RE:24,0dBSPL /LE:24,50
dBSPL) and 5042 Hz (RE:26,10 dBSPL /LE:25,0
dBPL). Thisdataagreeswith the study of Gorgaet
al. (2000), in which morefavorable signal to noise
ratiowerefoundin 3 and 4 kHz.

Therefore, the higher the signal to noiseratio,
the higher the frequencies, agreeing with Cerruti
(2000).

It was observed adiscrete decrease of the mean
response level at the frequency (f2) of 6348 Hz
and, consequently a decrease of the mean signal
to noise ratio. This data was also observed by
Cerruti (2000).

Percentile

The description of the response level values
distribution was made through the percentiles.
This description allows the construction of a
panorama of what is expected concerning the
DPOAE responselevel of infantsin thisage group
(from 0 to 2 months of age).

The response level should be used in the
interpretation on DPOAE recordings and not only
the signal to noise ratio, since this one depends
on the noise level. Therefore, a positive signal to
noise ratio may occur due to a higher response
level or to alower noiselevel.

InGorgaet al. (1997), the percentiledistribution
was made through the DPOAE recording in
individuals with and without hearing loss. In this
study, the following percentiles were used: 95%,
90%, 10% and 5%. The authors suggest the use of
percentileintheclinicfor the DPOAE interpretetion.
Responselevel above percentile 95% or 90% may
beinterpreted asnormal hearing, sinceafew normal
hearing ears produce responses with this
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amplitude. Similarly, response levels below
percentile 10% or 5% may be interpreted as
indicative of hearing loss, once a few normal
hearing ears produce responses with such small
amplitudes. Response levels between these two
conditions (normal ears and with hearing loss) are
more difficult to be interpreted, representing a
region where responses of both groups, with and
without hearing loss, are superposed.

From the percentiles obtained in this study,
based on Gorga et a. (1997), it can be suggested
their usefor theinterpretation of DPOAE ininfants
up to two months of age, considering a possible
ateration of the cochlear function results below
percentile 5, and possible normal hearing, results
above percentile 95. Results between these
percentiles (5 and 95) should be better investigated
in order to be interpreted.

Further studies with infants of the same age
with hearing loss are necessary in order to
complement theinterpretation criterion of DPOAE
using percentile.

Conclusions

From the results obtained and considering the
aims of this research, it is possible to conclude
that:
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