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Objective: Hearing impairment is one of the most common disorders of childhood. The earlier children with hearing loss are
identified, the better the prognosis for habilitation and remediation. For this reason many tests are being used, such as
Transient Evoked Otoacoustic Emissions (TEOAE), Pure Tone Audyometry (PTA) and Auditory Brainstem Responses (ABR).
This study is the first in Turkey using TEOAE and tympanometry among preschool aged population as a first-stage hearing
screen.

Materials and Methods: This cross-sectional study was done in 1,096 preschool children in Sivas city of Turkey. Subjects were
tested (TEOAE and tympanometry) individually in non-sound treated rooms within each school. The Chi-squared test was used
to examine the association between variables. A P-value less than 0.05 were considered statistically significant.

Results: Type B tympanograms were found in 180 (16.4%); Type C tympanograms were obtained in 6 children (0.6%), whilst
the remaining 887 children (80.9%) displayed type A tympanograms. TEOAE screening, 883 (80.6%) passed and required no
further follow-up. A total of 180 (16.4%) “Referred” on this screening. Hearing impairment among pre-school children was 2.8%.
Conductive hearing loss was found in 1.9% of children and a sensorineural hearing loss was found in 0.9% of the children
screened. Hearing impairment increases with age and this increase is statistically significant by the chi-square (Linear by Linear
Association) test (P = 0.036).

Conclusions: The results of this study should be valuable for planning actions in the prevention of hearing impairment and for
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raising awareness of the subject in the community and in government agencies.
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Introduction

Hearing impairment is one of the most common
disorders of childhood "*. According to data for 2001
from the World Health Organization (WHO) * and
from the Global Burden of Hearing Loss study , 250
million persons worldwide have disabling hearing
impairments. Although they represent only 4.2% of the
world's population, two thirds of these persons live in
developing countries. Furthermore, several studies
indicated that prevalence of childhood (aged 4 to 11
years) hearing loss ranges from 5% to 21% >\

According to the recommendations of the American
Academy of Pediatrics; every newborn should receive
an objective hearing screen, and children are to be
periodically screened through adolescence ™. Also,
universal hearing screening in the neonatal period is
the preferred option for early identification of hearing
impairment %,
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In developing countries, including Turkey, where the
vast majority of children in the world live, the
prevalence and surveillance of hearing impairment has
been difficult to document and monitor. Routine
school screening for hearing loss is still uncommon,
and in any case would miss children not attending
school. In addition, primary health care and public
health  infrastructures that can serve as
referral/monitoring resources are extremely limited.

Clearly, since the effects of such impairment are
serious, the earlier children with hearing loss are
identified, the better the prognosis is for their
habilitation and remediation """, Thus, the method used
for hearing screening must address the need for limited
subjectivity, as well as minimal judgment and
decision-making on the part of the screener. Without
accurate prevalence data, it is difficult to plan for
services; therefore, identifying children with hearing
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loss raises awareness leading to increased availability
of services and interventions .

The objectives of this study was (a) to determine the
prevalence of hearing impairment in preschool
children in the study population using TEOAE and
tympanometry tests; (b) to provide the first
population-based data on hearing impairment
anywhere in Turkey; and (c) to offer information
useful to health workers and policymakers in
establishing prevention programs.

Materials and Methods
Study Design

This cross-sectional study was conducted between
October 2007 and April 2008 in Sivas city of Turkey.
Population density (population per one square
kilometer) in Sivas city in 2000 was 26 according to
Census of Population, 2000, Turkey. Annual growth rate
of population was -1.54%o between 1990 and 2000 ™.
Average size of households was 5.27. Our region’s gross
domestic product per capita was 1,185 in 2000 3,

All of children (n=1261) who attended 22
governmental preschools were contacted. A total of
1096 subject’s ages ranged from 4 to 6 years old were
recruited for testing. This represented 86.9% of the
children enrolled in the study.

Study Procedures

Parents of children in participating preschools were
sent an information sheet detailing the screening tests,
and a consent form. Parents who wanted their child to
participate but had not returned the consent form were
able to give verbal consent on the day of screening.
The only criteria for inclusion in the screening
consisted of signed parental consent for health
screening and all subjects were invited to participate
on a voluntary basis. There were no exclusion criteria.

A self administered questionnaire was completed by
parents of participating children. Questionnaire items
included family demographics, details of the child’s
environment from gestation to early childhood,
lifestyle, health conditions and parental concerns.
Parents were asked to report on whether the child had
hearing loss and whether this had been doctor
diagnosed. There was no child previously identified
with hearing loss.

The study was approved by the Human Research
Ethics Committee of the Cumhuriyet University of
Turkey.

Measurement

An otoscopic investigation was carried out prior to
testing. In order to ensure that the following test results
were not influenced by conditions such as impacted
wax or occlusion/obstruction/collapse of the external
auditory canal. Than, TEOAE testing was
administered first, followed by tympanometry. Both
testing was conducted by two audiologists who had
undertaken specific training in the testing procedures.
Subjects were tested individually in non-sound treated
rooms within each school, where ambient noise levels
ranged from 40 to 53 dB A. Such levels compare
favourably with those of McPherson’s study ™ who
reported a range of 3852 dB A.

Tympanometry was performed using a MAICO MI 44
Analyzer. Aside from providing insight into the status
of the middle ear system, tympanometry results also
provide important information regarding the possible
source of reduced or obliterated TEOAE. Failure of
tympanometry was defined as any result that could be
classified as a type B or C tympanogram.

TEOAE testing and analysis utilized the MAICO ERO
SCAN Analyzer. Disposable ear tips were used to
cover the probes and seal the ear canals snugly during
testing. When a test was completed, the results were
displayed on the screen as “PASS” when there was
TEOAE response, and “REFER” when there was no
response to a stimulus. When a “REFER” result was
obtained, the screening test was repeated twice to
confirm the result, as conditions such as cerumen or
debris plugging the ear canals might temporarily
prevent the TEOAE tone from reaching the cochlear.

Failure of tympanometry or TEOAE screening
indicated failure of overall screening. All subjects with
ear disease or hearing loss were offered to Cumhuriyet
University Ear, Nose and Throat Clinic for follow-up
diagnostic assessment.

Data analysis

Data were analysed using Statistical Package of Social
Science (SPSS Inc., Chicago, IL) for Windows version
13.0. The Chi-squared test was used to examine the
association between variables. A P-value less than
0.05 were considered statistically significant.

Results

Data of 1,096 children (2192 ears) were used; 52.7%
(n=578) of them were boys, and 47.3% (n=518) were
girls. Their average age was 5.5+0.7 years. Figure 1
shows the distribution of age-groups by gender.
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Figure 1. Distribution of age groups by gender

Regarding otoscopic results ear wax was evident in 18
children (1.6%). Twenty-one children (1.9%)
displayed gross signs of possible middle ear pathology
(e.g. inflammation of tympanic membrane, retraction
of tympanic membrane, pain/tenderness, bubbles
visible behind the tympanic membrane, etc.).

Table 1 displays the percentages of the total 1,096
subjects who were able to be tested using TEOAE and
tympanometry, along with pass/refer rates obtained for
each and combined protocol screening. Full results of
tympanometry for a total of 1,096 children were
obtained. Type B tympanograms were found in 180
children (16.4%). Type C tympanograms were
obtained in 6 children (0.6%), whilst the remaining
887 children (80.9%) displayed type A tympanograms.

A total of 23 children (2.1%) were documented as
"could not test" (CNT).

As a result of the TEOAE screening, 883 (80.6%)
passed and required no further follow-up. A total of
180 (16.4%) “Referred” on this screening, while 33
(3.0%) were documented as CNT. All of CNT cases
were not testable (TEOAE and tympanometry
together); two-thirds were due to behavioral issues and
the remaining one-third to excessive ear wax and other
reasons (e.g. illness/absence during period of testing).

The combined test protocol of TEOAE and
tympanometry was passed by 78.4% of 1,096 subjects.
The remaining total 21.6% failed in at least one ear on
either test (17.8%) or CNT (3.8%). These subjects
required immediate referral, with further medical or
audiological investigation recommended.

Overall, as shown in Table 2, of the 195 (17.8%)
children who failed the screening and received
diagnostic follow-up services, 132 were identified
with a hearing loss or disorder requiring treatment or
monitoring. Further analysis of these 132 cases
revealed that 31 children had conductive or
sensorineural hearing loss (one or two ears), 83 had
otitis media, and 18 had excessive earwax or
congestion. The remaining 63 of the 195 receiving
follow-up were diagnosed as normal and no further
treatment was recommended.

Table 1. Percentage of could-not-test (CNT) and pass/refer for testing of study population.

TEOAE* Tympanometry Combined
n % n % n %

CNT* (total) 33 3.0 23 21 42 3.8
CNT* (both ears) 19 1.7 12 1.1 27 2.4
CNT* (single ear) 14 1.3 11 1.0 15 1.4
Pass (both ears) 883 80.6 887 80.9 859 78.4
Refer (1 or 2 ears) 180 16.4 186 17.0 195 17.8
Overall 1096 100.0 1096 100.0 1096 100.0

* TEOAE: Transient evoked otoacoustic emission; **CNT: Could-not-test

Table 2. Summary of diagnostic outcomes among 195 referred from screening

Diagnostic outcomes of children

Number (%)

Hearing loss or disorder requiring treatment or monitoring

132 (72.8%)

Sensorineural hearing loss (1 or 2 ears) 10
Conductive hearing loss (1 or 2 ears) 21
Otitis media (ear infection) 83
Excessive earwax or congestion 18
No treatment recommended 63 (27.2%)
Total 195 (100.0)
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Table 3 contains a summary of the occurrence of case
history factors, such as birth history and medical
history for hearing impairment among children who
referred from screening. The most common causes of
hearing impairment were ear infection (42.0%).

Table 3. A summary of the occurrence of case history effects on
hearing impairment among children who referred from screening

Case history feature Number (%)

Ear infection (Otitis media) 82 (42.0)
Oxygen at birth 36 (18.5)
Head trauma 24 (12.3)
Mumps 22 (11.3)
Measles 17 (8.7)
Low birth (<1.500gr) 8 (4.1)

Ear trauma 6 (3.1)
Total 195 (100.0)

Table 4 shows the sex and age distribution of children
who displayed hearing impairments. The table clearly
shows that hearing impairment increases with age and
this increase is statistically significant by the chi-
square (Linear by Linear Association) test (p = 0.036).
Also as showed in Table 4, there was a difference
between girls and boys in the proportion of DHI;
however, the difference was not statistically significant
by the chi-square test (p = 0.223).

Discussion

The preschool years are characterized by rapid speech,
language, social, emotional, and preacademic growth.
Normal hearing during these years is essential for
development. Early childhood represents a critical
opportunity to identify children with hearing
impairments. As hearing disorders in early childhood
can have a significant negative impact on the
acquisition of language and speech, academic
performance and social-emotional development, it is
vital to determine the hearing status of all children in
order to permit effective habilitation * *'*, Preschool
children, as well as children of low socioeconomic
status are at increased risk for otitis media (OM),

the most common cause of hearing loss in young
children®- 1. Given that hearing screening is not
routinely performed in preschool and that at-risk
populations for low SES have decreased access to care
and may have an increased risk of the adverse effects
of a late diagnosis of hearing loss **. Thus, detection
of hearing impairment at younger ages is important for
successful interventions and therapies.

Many preschool children are not properly screened or
evaluated until they reach kindergarten. In a recent
study of hearing screening with the use of pure tone
audiometry during well-child visits for children aged
3—19 years, found that 3-year-olds were 33 times more
likely than older children to be recorded as CNT 3,
The ability to participate in testing only 30% of the
3-year-olds in the study population. Thus, the current
practice of pure tone screening in the preschool
populations poses some concern. TEOAE may provide
a viable alternative to pure tone audiometry. TEOAE
are the sounds emitted by the cochlea in response to a
specific acoustic stimulus of short duration. This
device can be recorded in the ear canals of normal
hearing individuals but are absent in the ear canals of
individuals with significant hearing loss (>30 dBHL).
Early investigators found TEOAE, a rapid, non-
behavioral procedure that may be administered by
trained volunteers, has been proposed as a more
objective and efficient device for young children =+ %1,
More recent studies found no significant difference in
the pass/refer rates between TEOAE and traditional
pure tone screen in children 2-5 years old B *.
Because of this unique property, TEOAE provide a
useful, objective measure that is quick, affordable, and
well tolerated for screening difficult-to-test
populations.

This study is the first in Turkey using TEOAE test and
tympanometry among preschool aged population as a
first-stage hearing screen. In our study, abnormal
findings from the otoscopic investigation of the 4-6
year old group were noted to be higher than those
reported by Driscoll et al. ** in their study of 6 years

Table 4. Distribution of the children who displayed hearing impairments by sex and age groups

Disabling hearing impairments

Age (yr) Girls Number (%) Boys Number (%) Overall* Number (%)
4 6 (6.8) 4 (3.7) 10 (5.1)

5 40 (45.5) 36 (33.6) 76 (39.0)

6 42 (47.7) 67 (62.6) 109 (55.9)

Overall 88 (100.0) 107 (100.0) 195 (100.0)

*p=0.036, by the chi-square for trend test
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old children (1.6% versus 1%). It is possible that the
difference between the ages of the two groups
contributed to this finding.

In the current study, tymoanometry and TEOAE testing
presented as a feasible tool for hearing screening of
preschool children. Using those techniques, 78% of the
current subjects could be tested. Although CNT rate of
the TEOAE testing in current study was higher than that
reported by Driscoll et al. * in the 6 years old group
(3.8% vs. <1%, respectively), it compares favorably
with other reported CNT rates of TEOAE-such as those
described by Berg et al. ™! 2-5 years old group (8%). It
is likely that this disparity is reflective of differences in
subject groups.

Regarding tympanometry results, failure rates were
similar to Driscoll et al®®. 6-year-old group (17.0% vs.
17.9%, respectively). As noted by Haggard and Hughes
21" children aged 46 years are particularly at risk of
middle ear dysfunction. Furthermore, a large proportion
of testing for the current study was conducted during the
winter and spring seasons, when the frequency of
middle ear pathology (Table 3) is higher than in the
warmer months.

For the TEOAE plus tympanometry protocol of the
present study, the 17.8% failure rate is detected similar
to in Berg’s study P% 17% among children 2-5 years
age, however it was lover than that reported in
Driscoll’s study ¥, 20.3% among 6 years age group.
The variable rates may be owing to the fact that hearing
impairment may be acquired later in life, resulting in
increased prevalence with age (Table 4) B2, Formal
testing of children who failed the screening in this study
would likely decrease the true prevalence of hearing
loss suggested by the number of abnormal screening
tests. Each of these factors is likely to have contributed
to the different findings among these studies.

It is important to remember that a failed screening does
not equate with hearing loss. The failure rate observed
in this study is higher than the estimated prevalence of
hearing loss among preschool children. Findings of the
current investigation revealed that hearing impairment
among pre-school children in Sivas city was 2.8%.
Conductive hearing loss was found in 1.9% of children
and a sensorineural hearing loss was found in 0.9% of
the children screened. These findings are consistent
with rates found in a population-based cross-sectional
survey of the prevalence of hearing impairment among
in primary school children in Zimbabwe ®. In that
study, the children tested for hearing loss were found as
2.4%.
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As there are various infectious causes of hearing
impairment such as measles, mumps, and rubella,
immunisation is an important preventative measure
available to the population. Almost one-third of
children with hearing impairment identified in this
study were believed on history to most likely have an
infectious cause for their impairment. While history
taking from parents of young children is not a reliable
way to assess causality, these findings are consistent
with known preventable causes of hearing impairment
identified in other studies in developing countries !,
Also, as mentioned above, this study was performed in
winter and spring seasons, when hearing impairment
due to infections and/or serous otitis media might be
higher than at other times of the year.

Among the limitations of the study, the estimated
prevalence of hearing loss may be an underestimation
of the true prevalence of hearing loss in Sivas. The
current study gained access to children through the
preschool environment. Thus, those children not
currently attending preschool were not available for
possible enrolment in the study, and therefore, not
subject to testing. If these children are not attending
because of hearing impairment a greater proportion of
the total child population in Sivas city may suffer from
hearing impairment than actually measured in our
study.

Conclusion

The results of this study should be valuable for
planning actions in the prevention of hearing
impairment and for raising awareness of the subject in
the community and in government agencies.
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