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Abstract. – Backgrounds and Objective:
The hearing assessment of the newborns ideally
should detect both middle and inner ear func-
tions. The aim of this study is to control the as-
sociation between otoscopic evaluation, multi-
frequency tympanometry and TEOAE results.

Methods: Fifty new-borns otherwise healthy
were tested after the otolaryngological evalua-
tion by 226 and 1000 Hz tympanometries and
transient evoked otoacoustic emissions
(TEOAE’s). The study was performed in three
steps and 17 babies that could not pass from
the first step they were tested in the second step
with the same tests (226 Hz and 1000 Hz tympa-
nometry and TEOAE) The babies that could not
pass from the second step were evaluated by
multifrequency tympanometries, TEOAE and
acoustic brainstem responses (ABR) at the third
step.

Results: The association between the results
obtained from otoscopic evaluation, multifre-
quency tympanometry and TEOAE were as-
sessed. We found that 1000 Hz tympanometry
results were more sensitive and gives more cor-
related with TEOAE and otoscopic evaluation.

Conclusions: Multifrequency tympanometry
can detect the middle ear pathologies of the in-
fants sensitively and should be a part of neona-
tal hearing screening test battery.

Key Words:

Newborn hearing screening, high frequency tym-
panometry.

Introduction

The early diagnosis of hearing impairments
needs an effort of all health care professionals
but paediatricians and otolaryngologists have the
leading role for this issues1. By neonatal hearing
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screening it becomes easier and earlier to detect
the newborns with hearing loss.

Evoked otoacoustic emissions (EOAE) are
used as the first step for neonatal hearing screen-
ing to assess the cochlear function1. However,
pressure changes in external and middle ear ef-
fects the responses of EOAE. Acoustic brainstem
responses(ABR) are the second step of the
neonatal hearing screening2,3.

When the respond of EOAE cannot be as-
sessed in a newborn it is necessary to refer
him/her to an otolaryngologist in order to obtain
the otolaryngological examination and the exter-
nal or middle ear pathologies and further objec-
tive hearing tests should be performed4. The aim
of this study is to evaluate association of the high
frequency tympanometry, otoacoustic emissions
and ABR results of newborn hearing screening
programs in our Clinic.

Materials and Methods

All examinations and tests were done in
Gaziantep University, Department of Otolaryn-
gology. Gaziantep Local Ethical Committee ap-
proved the study with number of 57 on
19/02/2009. The study was conducted be-
tween15/03/2009-15/08/2009.

Fifty consecutive newborns physically
healthy were included in the study. All the par-
ents were agreed and signed the informed con-
sent form. There were 26 female and 24 male,
who were 2-220 hours old (mean: 45±20.7).
The physical properties of the newborns are
given at Table I. The etiological factors for
hearing loss were determined and the results are
given at Table II.

The study protocol was designed in three
steps.
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The procedures included in the steps are as
follows:

1. Otoscopic evaluation: The amniotic fluid or
the plug was cleaned. 

2. Multifrequency tympanometry (with GSI
tympstar ver. 2 between 226-1000 Hz). 

3. TEOAE (with GSI Audio screener between
250-5250 Hz, 50 Hz resolution and 96 dB dy-
namic range).

4. Automatic ABR response (with GSI Audio
screener between 2000-4000 Hz frequency
rate).

Statistical Anaysis
All of the results were expressed as means ±

SD. Statistical analysis was performed by McNe-
mar Chi square test. p <0.05 was considered as
significant.

Results

The results obtained from the consecutive 50
newborns are as follows.

First Step
Otoscopic evaluation: Plug was found in 24

ears and middle ear effusion was found in 26
ears. The findings of 226 Hz 1000 Hz and
TEOAE are given at Table III.

First Step: The babies were evaluated by oto-
laryngological examination TEOAE and mul-
tifrequency tympanometries. 

Second Step: The babies who were unable to
pass from the first step evaluated by TEOAE
and multifrequency tympanometries 2 weeks
after the first step.

Third Step: The babies were evaluated by
TEOAE’s, multifrequency tympanometries and
ABR’s. There were 4 babies who could not pass
from the second step. These babies were re-ex-
amined after 2 weeks for the third step.

Gender Age range Mean age Birth weight Mean birth 
F/M (hours) (hours) range (g) weight (g)

Group 26/24 2-220 45 ± 20.7 1750-4200 3141 ± 467

Table I. Physical properties.

N = 50 Number of patients

High fever, rash 1
Congenital infection –
Drugs-X-ray –
Systemic diseases –
Anoxia 1
Meconium aspiration 1
Hyperbilirubinemia 1
Trauma –
Congenital anomalies 1
Craniofacial anomalies –
Consanguineous marriages 1
Rh incompatibility –
Maternal smoking 1
Familial hearing loss history 1
Sepsis 1

Table II. Etiologic factors.

Tympanometry/TEAOAE 226 Hz 1000 Hz TEOAE

Step 1
Type A/pass 42 (84%) 36 (72%) 33 (66%)
Type B/refer bilaterally 3 (6%) 10 (20%) 13 (26%)
Type B/refer unilaterally 5 (10%) 4 (8%) 4 (8%)
Step 2
Type A/pass 15 (30%) 13 (26%) 13 (26%)
Type B/refer bilaterally 2 (4%) 4 (8%) 4 (8%)
Type B/refer unilaterally 0 0 0

Table III. The results of 226 Hz and 1000 Hz tympanometries, TEAOE’s of the 50 newborns at first and second steps.
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Seventeen babies did not respond to TEOAE
at the first step they were re-examined at the sec-
ond step.

Second Step
Of the seventeen babies two babies’ tympa-

nometry results at 226 Hz were consistent with
type B while 4 babies had bilaterally type B re-
sult at 1000 Hz tympanometry. All of these 4 ba-
bies could not pass from TEOAE and were called
for the third step (Table III).

Third Step
Tympanometries at 226 and 1000 Hz resulted

with type A graphic at this step and the babies
went under TEOAE. Two babies could not pass
from TEOAE and automatic ABR was per-
formed for these babies and they both passed
from ABR. The results were given at (Table III).

When the physical examination findings com-
pared with 226 and 1000 Hz tympanometry it is
found that there was a statistically significant dif-
ference (p < 0.05) between the physical examina-
tion and 226 Hz tympanometry while there was
not a statistically significant difference between
physical examination and 1000 Hz tympanome-
try (p > 0.05).

The TEOAE findings were compared with 226
and 1000 Hz tympanometry as well. There was a
statistically significant difference between the
type B at 226 Hz ears and TEOAE negative ears
(p < 0.05), while there was no statistically differ-
ence between type B at 1000 Hz ears and
TEOAE negative ears (p > 0.05).

Discussion

The early diagnosis and follow up of the oto-
logic diseases is essential. Because of high inci-
dence of otitis media among infants it is very im-
portant to diagnose this disease by combination
of otolaryngological examination and using tym-
panometries. However, it is not very easy to di-
agnose otitis media in infants because of their

narrow external ear canal. Currently, high fre-
quency tympanometry is being used increasingly
in neonatal hearing screening5. 

In this investigation, three steps were per-
formed: 226 Hz tympanometry 1000 Hz tympa-
nometry and TEOAE tests. The positive emis-
sion was found 66% in the first step, 92% in the
second step and 96% in the third step. The re-
maining 4% was examined by automatic-ABR
and all of the babies passed the tests. 

To find out the association between 226 Hz and
1000z tympanometry and otoscopic findings was
one of the aims of this study. In the studies of Gar-
cia et al1 and France et al6 there was no correlation
between 226 Hz tympanometry and otoscopic
findings but there was a correlation between 1000
Hz tympanometry and otoscopic findings. These
findings are similar to our findings.

It is suggested that by 1000 Hz tympanometry
with 95% sensitivity, middle ear pathologies can
be diagnosed and treated early and chronic dis-
eases can be prevented6-8. Rhodes et al9 per-
formed TEOAE, ABR and multifrequency tym-
panometry. They found that the babies who
failed with 226 Hz and 678 Hz typanometries
30% to 67% passed the other hearing tests and
the ears failed from 1000 Hz failed from the oth-
er tests as well. In this study it is also found that
the otoscopically abnormal ears also passed from
the hearing tests suggesting that the otoscopic
evaluation findings criteria may not be applied to
infants. However, Garcia et al1 found correlation
between otoscopic findings and 1000 Hz tympa-
nometry, which is similar to our study.

One of the other aims of this study was to find
out the relationship between 226 Hz and 1000 Hz
tympanometry and TEOAE’s. In this investigation
we found no correlation between 226 Hz tympa-
nometry and TEOAE’s. However, there was a cor-
relation between 1000 Hz and TEOAE’s.

Doyle et al. suggested that TEOAE results
would be altered more than ABR results if there
was effusion in the middle ear.10 Garcia et al.1

and Koivunen et al11 found the correlation be-
tween 1000 Hz tympanometry and TEOAE in
their series as well.

Step 3 226 Hz 1000 Hz TEOAE ABR

Type A/pass 4 (8%) 4 (8%) 2 (4%) 2 (4%)
Type B/refer bilaterally 0 0 2 (4%) 0
Type B/refer unilaterally 0 0 0 0

Table IV. The results of tympanometries, TEOAE’s and ABR’s of the 4 babies who did not pass at the first and second steps.
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High frequency tympanometry is found sensi-
tive for middle ear changes in infants which is
very important for this group to distinguish the
difference between sensorineural and conductive
hearing loss1. 

Conclusions

The high frequency tympanometry showed a
statistically significant association between both
otolaryngological evaluation and TEOAE test. It
may be suggested that the 1000 Hz tympanome-
try should be a part of neonatal hearing screening
test battery. The high frequency tympanometry
should be kept in mind for newborn hearing
screening programs to find the middle ear
pathologies in infants.
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