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Abstract
Background: it has been suggested that the function of the medial olivocochlear system (MOCS) can be
evaluated by the suppression effect of the transient evoked otoacoustic emission (TEOAE). The
competitive noise has an inhibitory effect on the functioning of the outer hair-cell, reducing the level
of otoacoustic emissions. Despite the fact that there is no postnatal growth of the cochlea, middle ear
growth and auditory processing development continue after birth. Aim: to analyze age-related changes
of MOCS using the TEOAE suppression in healthy infants. Method: 25 full-term infants with no risk
factors for hearing loss were evaluated in two moments: at birth and at the age of six months. At both
ages TEOAE were recorded in the "Quickscreen" mode, nonlinear stimulation at 78dB peSPL, for both
ears, with and without contralateral noise presented at 60dB SPL. Results: the data analyses, using
ANOVA, revealed significant contralateral suppression of otoacoustic emissions in both groups, but the
TEOAE levels and the amount of TEOAE contralateral suppression were smaller at six-month of age
when compared to the neonatal period (p<0,01). The TEOAE suppression effect for neonatals was
2.81dB (± 0.19dB) and at the age of six months was 1.41dB (± 0.29dB). Conclusion: the amount of
TEOAE suppression decreased from birth to six months of age. The association between contralateral
acoustic stimulation and a commercially available rapid TEOAE measurement system enables a non-
invasive monitoring of the auditory efferent mechanism and seems to be clinically feasible to evaluate
cochlear status and auditory efferent function development in infants at risk.
Key Words: Spontaneous Otoacoustic Emission; Suppression; Infants.

Resumo
Tema: tem sido sugerido que a função do sistema olivo coclear medial (SOCM) pode ser avaliada pelo
efeito de supressão das emissões otoacústicas por transientes (EOAT). O ruído competitivo tem um
efeito inibitório no funcionamento das células ciliadas externas reduzindo o nível das emissões
otoacústicas. Apesar de não haver crescimento pós natal da cóclea, o crescimento da orelha média e o
desenvolvimento do processamento auditivo continuam após o nascimento.  Objetivo: analisar as
mudanças no SOCM relacionadas à idade por meio da supressão das EOAT em lactentes saudáveis.
Método: 25 lactentes a termo sem indicadores de risco auditivo foram avaliados em dois momentos: ao
nascimento e no sexto mês de vida. Nas duas idades as EOAT foram captadas no modo “Quickscreen”,
estímulo clique não linear a 78dB peNPS, nas duas orelhas, com e sem ruído contralateral apresentado
a 60dB NPS. Resultados: a análise dos dados por meio da ANOVA revelou significante supressão
contralateral das EOAT em ambos grupos, porém tanto os níveis das EOAT quanto a  magnitude da
supressão contralateral das EOAT foram menores no sexto mês de vida quando comparados com a fase
neonatal (p<0,01).  O efeito de supressão das EOAT no período neonatal foi 2,81dB (± 0,19dB) e no
sexto mês de vida foi 1,41dB (± 0,29dB). Conclusão: a magnitude da supressão das  EOAT diminuiu do
nascimento ao sexto mês de idade. A associação entre a estimulação acústica contralateral e um
sistema, disponível comercialmente, rápido na medida das EOAT possibilita o monitoramento não
invasivo dos mecanismos eferentes auditivos e parece ser clinicamente promissor na avaliação do
estado coclear e do desenvolvimento da função eferente auditiva de lactentes de risco.
Palavras-Chave: Emissões Otoacústicas Espontâneas; Supressão; Lactente.
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Introduction

Evoked otoacoustic emissions are sounds
that can be recorded in the external ear canal
in response to acoustic stimulation, and whose
origin is thought to be the motile activity of
outer hair cells. These cells are innervated by
efferent nerve fibers of the medial olivocochlear
system (MOCS). The myelinated medial system
originates at the medial superior olive and its
fibers end on the outer hair cells, predominantly
at the opposite side. Only 24 to 26% of the
media l  e f ferent  f ibers  a re  uncrossed
(Warr,1979; Mulders and Robertson, 2002)).

It has been shown (Veuillet et al.,1991;
Collet et al., 1990) that the competitive noise
has an  inhibitory effect on outer hair-cell
func t ion ing ,  and  r educes  t he  l eve l  o f
otoacoustic emissions (OAE). This effect
n a m e d  s u p p r e s s i o n  o f  O A E  c a n n o t  b e
explained in terms of technical  artefacts,
crosstalk or middle ear effect, giving evidence
of MOCS involvement in the suppression of
OAE in normal hearing human subjects (Collet
et al., 1990).

The  c l in ica l  re levance  of  MOCS was
po in ted  ou t  by  va r ious  rev iews  (Hi l l  e t
al.,1997; Azevedo, 2003; Carvallo, 2003),
suggesting its involvement in the modulation
of OAE, auditory sensitivity, signal detection
in noise, activity within the cochlear nucleus,
and in  a t tent ion  tasks .  Act iva t ion  of  the
MOCS,  e i ther  by  e lec t r ic  shocks  in
anaesthetised animals or by natural sound
s t imula t ion  in  awake animals ,  provides
s i g n i f i c a n t  p r o t e c t i o n  a g a i n s t  b o t h  t h e
temporary and the permanent harmful effects
of acoustic over stimulation (Liberman and
Kujawa, 1999).

The distribution of medial efferent fibers
appears to mirror the pattern of ascending
pro jec t ions .  The  MOCS rece ives  inpu t s
predominantly from the contralateral cochlear
nuclei, and the projections of medial efferent
fibers are predominantly crossed (Warr, 1979),
therefore, OAE suppression by a contralateral
acous t i c  s t imula t ion  inves t iga tes
predominantly the uncrossed medial system
mechanisms.

Inves t iga t ions  conducted  in  neonates
have shown that this effect is already present
at term birth (Ryan; Piron,1994; Morlet et al.,
1999;  Abdala  e t  a l .  2000;  Durante  and
Carvallo,2002). The morphological data also

indicate that  the human cochlea becomes
structurally adult-like during the last trimester
of pregnancy (Lavigne-Rebbilard and Pujol,
1988).

However, despite the fact that there was
no postnatal  growth of  the cochlea (Eby;
Nadol, 1986; Sato et al., 1991) middle ear
growth (Eby; Nadol,1986) and central auditory
processing development continue after birth;
therefore ,  the  quest ion whether  the OAE
suppression effect observed at birth is the
same as after six months of life still remains
unanswered. A priori hypotheses points to
changes in the pattern of suppression effect
during development.

The  a im of  the  p resen t  s tudy  was  to
conduct a study on MOCS function at birth
and at six-month of age in the same normal
hearing infants, using the TEOAE suppression.

Method

Subjects

Data  were  obta ined f rom twenty-f ive
healthy infants (16 females and 9 males) during
the neonatal period and at six months of age.
All infants had no risk factors for hearing loss
(Joint Committee on Infant Hearing, 2000;
CBPAI, 2000), and were full-term born at the
University Hospital, University of Sao Paulo,
and had TEOAE present bilaterally with a
whole reproducibility level of  at least 50%.

Procedure

This research was performed in accordance
with the principles of the Declaration of Helsink.
Approval for this study was guaranteed by the
local Ethics Committee (CAPPesq - HC 510/98).
Parental consent was obtained for each neonate
tested in this experiment .

The protocol consisted of a two-step test
: at neonatal period and at six months of age.

At both ages the tests were carried out in
a quiet room and all subjects were bilaterally
tested.

After placing the earphone and the probe
without disturbing the neonates, TEOAE were
recorded  f i r s t  w i thou t  and  then  wi th
contralateral  acoustic st imulation (CAS).
Then, the same test procedure was followed
for the other ear.
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Idade 
Orelha Gênero EOAT 

Período Neonatal Sexto Mês de Vida 

sem EAC  18,8 (5,5 DP) 16,8 (5,4 DP) 

com EAC 16,5 (5,6 DP) 15,1 (5,7 DP) Feminino 

supressão 2,3 (2,5 DP) 1,6 (2,1 DP) 

sem EAC  16,6 (4,6 DP) 13,5 (7,2 DP) 

com EAC 13,1 (6,4 DP) 12,5 (7,3 DP) 

direita 

Masculino 

supressão 3,5 (3,8 DP) 1,6 (1,4 DP) 

sem EAC  16,6 (6,0 DP) 14,8 (4,5 DP) 

com EAC 14,3 (6,4 DP) 13,6 (4,6 DP) Feminino 

supressão 2,3 (2,7 DP) 1,2 (1,7 DP) 

sem EAC  15,9 (5,6 DP) 14,4 (5,4 DP) 

com EAC 12,8 (5,8 DP) 13,6 (5,3 DP) 

esquerda 

Masculino 

supressão 3,1 (2,9 DP) 0,8 (3,2 DP) 

 

TABLE 1. TEOAE mean levels and standard deviations (dBpeSPL) with and without CAS, according to gender, age and ear.

TEOAE recordings and contralateral acoustic
stimulation

TEOAE were recorded using the ILO288
Echoport OAE analyser (Otodynamics Ltda) and
an E-type neonate probe. The Quickscreen mode
was used. This mode employs a 'nonlinear click'
stimulus elicited by an 80µs electrical pulse at a
rate of 80/s, at the mean intensity of  78 dBpeak.
The mean number of sweeps recorded in each
condition was 100. A recording window of 2.5-
12.5 ms post-stimulus was used for analyses. A
band-bass of 500-6000 Hz was employed.

The contralateral  acoust ic  s t imulat ion
(CAS) was a 60 dB SPL white noise delivered
by a CD player and presented by a 2cm diameter
earphone. The earphone output was calibrated
before the tests with a sound level meter .

Data analysis

The following data was obtained for each
TEOAE test: age; gender (male or female); ear
(right or left); test condition (with or without
CAS); TEOAE level  (dB), TEOAE SNR level
per frequency-band (2.4; 3.2; 4.0 kHz).

TEOAE suppression was determined by
subtracting the with CAS TEOAE level from
the without CAS TEOAE level.

Measurement and statistics

The statist ical  analysis was performed
using Pearson correlation, and analysis of
variance (ANOVA) for repeated measures by
the Statistical and mathematics Institute of
São Paulo  Univers i ty  ( IME-USP) .  The
significance level for the statistical tests was
set at 5% (p<0.05).

Results

The statistical analysis using ANOVA
showed that  wi th  CAS and wi thout  CAS
condi t ions  for  both ears  and genders  the
measures  were  equ iva len t  conce rn ing
intensity of the stimulus, stability, test time,
and numbers of sweeps (p>0.419).

The TEOAE level  behavior  (Table  1)
showed greater level at the neonatal period,
in  f emales  and  wi thou t  CAS cond i t ion .
Females have larger emission for the right ear
compared to the left ear at both ages, while
for males the opposite is observed at six-
months of age. Females have larger emission
compared to males, regardless of ear. Males
and females show more suppression at the
neonatal period for both ears.
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Gênero  
Banda de Freqüência 

(kHz) Masculino Feminino 

2,4  4,71 3,15 

3,2  3,41 3,20 

4  4,32 3,04 

The  ana lys i s  showed  tha t  a l l  f ac to rs
influenced TEOAE level. It was observed a
reduction of the TEOAE level of the right ear
to the left ear of about 1.29 dB (± 0.64 dB)
(p=0.04). From the female to the male infants,
a reduction of 1.54 dB (± 0.63 dB) (p=0.02 dB)
was observed. The statistical model showed
that the TEOAE amount of suppression was
different according to age (p<0.01). Graphic 1
shows that the OAE suppression effect at
neonatal period was 2.81 dB (± 0.19 dB) and
at six months of age was 1.41 dB (± 0.29 dB).

Table 2 shows the amount of suppression
for the frequency bands, according to gender.
No significant differences were noted in the
amount of suppression between age (p>0,5)
and ears (p>0,4). The amount of suppression
was greater  in male than in females for all
frequency bands. For the 2.4kHz bandwidth
the amount of suppression was significantly
greater  in male (p<0.01) 4.71 dB (± 0.44 dB)
than in females 3.15 dB (± 0.41 dB) (Graphic
2) .  For  the  3 .2kHz f requency band no
significant differences were noted in the
amount of suppression between gender, 3.41
dB (± 0.44 dB) for males and 3.20 dB (± 0.41
dB) for females. For the 4.0kHz bandwidth the
amount of  suppression was signif icantly
greater in males (p<0.01) 4.32 dB (± 0.39 dB)
versus 3.04 dB (± 0.38 dB) observed for female
infants (Graphic 3).

Discussion

In the present study, TEOAE level
characteristics, with and without CAS, were
investigated at the neonatal period and at six
months of age in the same subjects, who were
bilaterally tested .

The stimulus choice is a crucial challenge for
OAE procedures. The appropriate stimulus can
provide better results in a specific measurement.
The linear mode stimulation has proven to be more
sensitive for detected shifts in the TEOAE level at
suppression experiments (Collet et al., 1990; Morlet
et al., 1999; Ferguson et al., 2001; Guinan et al.,
2003). However, despite the fact the linear stimulus
is more sensitive to OAEs level, this mode has the
expense of having collection of both middle ear
and cochlea response components. Due to this
recent studies were conducted with "non-linear"
stimulation in order to analyse TEOAE
suppression in a clinical set-up.

GRAPHIC 2. The 2.4 kHz levels of TEOAE with and without CAS for both
ages, according to gender.
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GRAPHIC 1. The mean levels of TEOAE with and without CAS for both ears
of neonates at birth and six-month-old infants.
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TABLE 2. TEOAE amount of suppression (dB) for frequency band, according
to gender.
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In this study TEOAE were recorded
intentionally using the default  non-linear
stimulus, following other studies (De Ceulaer et
al., 2001; Morlet et al.,2004). The Quickscreen mode
of recording was selected because it ensured a
near total elimination of meatal and probe-related
acoustic artefacts, which was designed to achieve
optimum results in neonate screening (Newmark
et al., 1997; Garcia et al., 2002; Kemp, 2002;
Carvallo, 2003; Durante et al., 2004a; Durante et
al., 2004b).

The chosen parameters allowed shorter time
procedures, desired when testing neonates.
(Veuillet et al., 1991; Ryan and Piron,1994; Morlet
et al.,1999; Durante and Carvallo, 2001; Durante
and Carvallo, 2002).

The principal findings of the study were that
TEOAE levels were smaller in the six-month-old
group compared to the neonatal group and that
the amount of TEOAE contralateral suppression
decreased with age. Considering the total
cochlear response, the amount of suppression
was greater at neonatal period. The differences
found at the infants could be explained by the
postnatal growth of the middle ear (Eby; Nadol,
1986), and by the cochlear active mechanisms
development (Morlet et al, 1996). The
development of cochlear active mechanisms
continued after onset of cochlear function, as

reflected by OAE. OAE changes with age
presumably occur as a consequence of cochlear
active mechanisms development, although
contribution of middle ear cannot be totally
excluded. The importance of the TEOAE
suppression effect is the association with
mechanisms of central MOCS feedback in the
peripheral auditory system, and it seems that the
functional adult pattern of the TEOAE
suppression appears gradually in infants.

The effects of age on contralateral suppression
of OAEs are also reported by others studies in
animals and humans (Kim et al., 2002; Jacobson et
al., 2003) and show that functional decline of the
MOCS with age precedes outer hair cells (OHC)
degeneration. The importance of evaluation of the
suppression effect of TEOAE be included in the
test battery approach used in the hearing
processing has been evidenced by recent
researches which showed a reduced suppression
effect in subjects with auditory processing
disorder (Lonsbury-Martin et al., 2001; Sanches,
2003; Durante, 2004; Muchnik et al., 2004). Besides
the OAE non suppression effect in subjects with
auditory neuropathy empowered the use of OAE
in the diagnosis of this pathology (Abdala et al.,
2000; Hood; Berlin, 2000; Berlin et al., 2003; Hood
et al., 2003).

Gender differences

Considering frequency-specific suppression
effects, the age and ear influence were not
significant. On the other hand gendereffects was
significant, with a greater amount of suppression
in males infants. Gender differences found in this
study thus might represent differences in OHC
population with a higher OHC count in females
(Wright et al., 1987), a higher prevalence of
spontaneous OAEs in female (Cassidy and Ditty,
2001), cochlear length significantly greater in males
(Sato et al., 1991). The shorter cochlea in female
could account for the TEOAE higher level. These
findings could reflect differences in efferent
cochlear inhibitory function between genders
(Morlet et al., 1996; Newmark et al., 1997). These
developmental changes appear to follow a
systematic longitudinal course and represent a
progression from the base (high-frequency place)
to the apex (low-frequency place) of the cochlea
(Morlet et al, 1996).

GRAPHIC 3. The 4.0 kHz levels of TEOAE with and without CAS for both
ages, according to gender ambas as idades segundo gênero.
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