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Summary

Objective: To determine the relationship between the type of transducer used to
perform pure-tone audiometry and the appearance of low-frequency hearing loss at
250 Hz and 500 Hz for patients with ventilation tubes.
Methods: Air conduction thresholds at 250 Hz and 500 Hz were measured using
Telephonics TDH-49 supra-aural headphones and EARTONE 3-A insert earphones for
patients with normal ears (N = 16) and patients with ventilation tubes (N = 114).
Tympanometry was performed on each patient prior to audiometric testing. Audio-
metric test results obtained in normal ears were compared to results for patients with
ventilation tubes. For analysis, the ventilation tube patients were separated into two
groups, representative of ventilation tube type.
Results: Audiometric results obtained using the two transducer types at 250 Hz and
500 Hz revealed significant differences in threshold for patients with ventilation
tubes. Thresholds obtained using insert earphones were generally worse than thresh-
olds obtained using supra-aural headphones for this group. On average, difference in
threshold was 14.15 dB worse with insert earphones at 250 Hz and 9.75 dB worse with
insert earphones at 500 Hz for patients with Sheehy tubes. Average difference in
threshold for patients with Donaldson tubes was 13.93 dB worse with insert earphones
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1. Introduction

Use of insert-style earphones to perform pure-tone
audiometry has become widespread. Advantages for
using insert earphones include attenuation of low-
frequency ambient noise, increased interaural
attenuation, and solve the collapsing ear canal
problem [1—3]. Studies have compared and con-
trasted audiometric thresholds using insert ear-
phones and supra-aural headphones. Research has
shown that there are no significant differences in
pure-tone and speech audiometric thresholds using
both transducers for normal and hearing-impaired
subjects [4—6]. Also, intra-subject reliability is simi-
lar using both transducers and there is no evidence
of increased test-retest variability with the use of
insert earphones [7—10].

Conventional thought assumes that the small dia-
meter of a ventilation tube should not interfere with
conduction of sound. The placement of pressure-
equalizing tubes has been reported to cause conduc-
tive hearing loss in certain cases [11]. Voss et al.
conducted a study in which they made a comparison
of ear-canal sound pressures using insert earphones
and supra-aural headphones. Their findings indicate
that tubes can reduce the ear-canal sound pressure
from inserts in such a manner that an ear with a tube
can appear to have a conductive loss, consistent with
findings reported by Estrem and Batra [11]. With the
insert earphone, sound pressures at frequencies
below 1000 Hzwere always smaller in ears with tubes
and perforations than in ears with intact eardrums.
With the supra-aural headphone, sound pressures in
ears with tubes and perforations differed from nor-
mal ears by less than 5 dB at 500 Hz and above [12].
Factors that can impact pure-tone audiometry and
sound pressures generated by audiologic transducers
include volume of the middle ear, diameter of the
tube lumen, and position of the tube on the tympanic
membrane [11,12]. Although Voss et al. described
smaller differences in thresholds when using supra-
aural headphones, their study subjects comprised of

a small sample of adults with tubes (five ears total
with tubes). Therefore, the objective of this study is
to investigate the difference in thresholds between
supra-aural headphones and insert headphones
among children.

2. Methods

2.1. Patient selection

Audiological information on children who were seen
through the Division of Audiology between March 23,
2004 and October 15, 2004, was obtained from a
retrospective chart review. Children were deemed
eligible for this retrospective analysis if an otologic
examination revealed tube was in place and patent
prior to audiologic examination. Children were
excluded from this analysis if they had a history
of more than one ventilation tube surgery. Whether
or not the child had received a ventilation tube was
noted, along with the type of tube.

2.2. Instrumentation

A Madsen Zodiac 901 Middle Ear Analyzer was used
to perform tympanometry on all subjects. The Mad-
sen Zodiac 901 was calibrated according to ANSI
immittance specifications [13]. A Madsen Orbiter
922 Clinical Audiometer was used for pure-tone
audiometry. The Madsen Orbiter 922 was calibrated
according to ANSI audiometer specifications [14].
Telephonics TDH-49 supra-aural headphones and
EARTONE 3-A insert earphones were connected to
the audiometer.

2.3. Procedure

All subjects with ventilation tubes received pure-
tone audiometry and tympanometry as part of their
post-surgical audiologic evaluation. Subjects in the
normal ear group had no history of either conductive
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at 250 Hz and 8.93 dB worse with insert earphones at 500 Hz. In addition, thresholds
were more variable for patients with ventilation tubes than normal ears at 500 Hz.
There were no significant differences in threshold for normal ears using both
transducers.
Conclusions: When performing pure-tone audiometry, choice of transducer can
influence the accurate identification of a low-frequency hearing loss in patients with
ventilation tubes. Low-frequency thresholds were generally worse using insert-style
earphones to test subjects with tubes, resulting in the apparent identification of a
hearing loss. However, with supra-aural headphones, no low-frequency hearing loss
existed. There were no significant differences in threshold values using either
transducer in normal ears.
# 2005 Elsevier Ireland Ltd. All rights reserved.
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