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Influence of the type of acoustic transducer
in pure-tone audiometry

A influéncia do tipo de transdutor acustico na
audiometria tonal liminar

ABSTRACT

Purpose: To compare the air-conduction hearing thresholds obtained with different acoustic transducers and
verify the users’ preferences regarding them. Methods: This is a cross-sectional, analytical, observational
study with 26 participants aged 18 to 30 years, with normal hearing and no history of exposure to high sound
pressure levels or complaints of tinnitus at the time of the assessment. We surveyed their medical history and
performed meatoscopy, pure-tone threshold audiometry, speech audiometry, and acoustic immittance. The
auditory thresholds were surveyed twice, each time with a different type of acoustic transducer: insert (E-A-
RTONE) and circumaural earphones (HDA200). The assessments were performed in a random order, with
S-minute intervals. In the end, we asked the participants which earphones they found more comfortable in
the tests. The data were submitted to nonparametric statistical analysis. Results: Assessing the medians in the
auditory threshold survey, the circumaural earphones obtained better results at 250, 500, 2000, and 6000 Hz,
while the insert earphones were better at 3000 and 4000 Hz; there were no statistical differences at 1000 and
8000 Hz. The circumaural was elected the most comfortable earphone. Conclusion: The circumaural earphones
had better auditory thresholds at 250, 500, 2000, and 6000 Hz than the insert earphones and were reported by
the patients as the most comfortable type of transducer.

RESUMO

Objetivo: Comparar os limiares auditivos por via aérea obtidos em diferentes transdutores acusticos e verificar
a preferéncia do usuario. Método: Trata-se de um estudo observacional, analitico, transversal, realizado em 26
participantes de 18 a 30 anos, com audi¢ao dentro dos padrdes de normalidade, sem historico de exposi¢ao a altos
niveis de pressdo sonora ou queixa de zumbido no momento da avaliagdo. Realizou-se anamnese, meatoscopia,
audiometria tonal liminar, logoaudiometria, e imitanciometria. Os limiares auditivos foram pesquisados duas
vezes, cada uma com um tipo de transdutor acustico diferente: fone de inser¢do (E-A-R Tone) e fone circum-
aural (HDA200). A ordem de realizagdo foi aleatoria, com intervalos de cinco minutos. Ao final, o participante
foi questionado quanto ao conforto dos fones durante os testes. Os dados foram submetidos a analise estatistica
nao paramétrica. Resultados: Na pesquisa dos limiares auditivos, ao avaliar as medianas, o fone circum-aural
apresentou resultados melhores em 250, 500, 2000 e 6000 Hz e o fone de inser¢éo foi melhor em 3000 e 4000 Hz,
sem diferenca estatistica para as frequéncias de 1000 e 8000 Hz. O fone circum-aural foi eleito o mais confortavel.
Conclusiao: O fone circum-aural apresentou melhores limiares auditivos em 250, 500, 2000 e 6000Hz quando
comparado ao fone de inser¢ao, além de ser o tipo de transdutor mais confortavel relatado pelos pacientes.

Study conducted at Curso de Fonoaudiologia, Departamento de Fonoaudiologia, Universidade Federal de Santa
Catarina — UFSC - Florian6polis (SC), Brasil.

! Curso de Fonoaudiologia, Universidade Federal de Santa Catarina — UFSC - Florianopolis (SC), Brasil.

2 Departamento de Fonoaudiologia, Universidade Federal de Santa Catarina— UFSC - Florianépolis (SC), Brasil.
Financial support: nothing to declare.

Conflict of interests: nothing to declare.

This is an Open Access article distributed under the terms of the Creative Commons Attribution License, which
s permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

Born et al. CoDAS 2022;34(3):¢20210019 DOI: 10.1590/2317-1782/20212021019 1/5


https://creativecommons.org/licenses/by/4.0/
https://orcid.org/0000-0003-0410-0722
https://orcid.org/0000-0002-5309-4587
https://orcid.org/0000-0001-6110-7491
http://orcid.org/0000-0003-2082-9361
https://orcid.org/0000-0002-8567-3401

INTRODUCTION

Pure-tone audiometry (PTA), whose objective is to survey
the sound intensity threshold at which a person detects sound at
various frequencies, is the gold standard examination to assess
hearing. It assesses both air-conduction (with earphones) and
bone-conduction (with a bone vibrator) thresholds in both ears®.

Three types of phones are used to obtain air-conduction
hearing thresholds for both pure tones and speech stimuli:
supra-aural, circumaural, or insert earphones®.

Supra-aural earphones are the ones most used in audiology
clinical practice. It is fitted by pressing the earpad onto the
auricle®, but its disadvantages are the possibility of coupling
between the earphone and the ear and the little reliability at low
frequencies due to possible air leak®.

Insert earphones are inserted into the external ear canal with
a disposable foam earplug. It ensures minimum contact with
the skin and diminishes the area of the head in contact with the
sound stimulus, differing from the others®. Its advantages are
the lower risk of collapse and greater interaural attenuation,
besides being the earphone with the lowest variability caused
by ear leakage, tending to minimize physiological noise in the
ear, in contrast with the other types of earphones®. However,
it is subject to variations in the geometry of the external ear
canal and difficulties controlling the precise insertion depth®.

Circumaural earphones, when fitted to the patient, are placed
around the auricle. They provide greater comfort because their
earpads do not pressure the ear, they considerably reduce the
variability in ear leakage and physiological noise in the ear and
better attenuates environmental noise>?. In general terms, they
have greater interaural attenuation than supra-aural earphones,
especially at low frequencies®. Moreover, given their physical
characteristics, they are the ones indicated for pure-tone audiometry
at high frequencies (9 to 16 kHz)™. Various studies address the
difference in hearing thresholds obtained with acoustic transducers
and in different populations. They mostly compare the thresholds
obtained with supra-aural and insert earphones —with better results
with the insert ones, especially at low frequencies, although the
supra-aural earphones sometimes have better results at high
frequencies®®*12, One study has researched the difference between
the hearing thresholds obtained with supra-aural and circumaural
earphones, showing that the circumaural earphones had better
thresholds even at low frequencies®.

Since the circumaural earphones are used less often in
clinical practice, particularly in Brazil, evidently few papers
have compared the hearing thresholds obtained with them and
the other acoustic transducers. However, audiometers currently
enable the use of different types of earphones, which has
stimulated their use in clinical practice. This justifies research
to provide better knowledge of their performance.

Hence, the objective of this study was to compare the air-
conduction hearing thresholds obtained with different acoustic
transducers — insert (E-A-RTONE) and circumaural (HDA200)
earphones — and verify the users’ preference regarding them.

METHODS

This is a cross-sectional, analytical, observational study
conducted between March and September 2018. We selected

for this research people of both genders from a nonprobabilistic
convenience sample, employing personal contact and announcement
on social media.

This study was analyzed and approved by the Human Research
Ethics Committee, under CAAE protocol: 79890817.6.0000.0121,
and evaluation report number: 2.537.085. The procedures were
explained to all participants, who signed the informed consent form.

The eligibility criteria were as follows: individuals 18 to
30 years old of both genders, without hearing complaints, with
hearing thresholds of 25 dBHL or less at 250 to 8000 Hz, speech
recognition index (SRI) of at least 88%, and with acoustic reflexes’?.

Subjects with a history of exposure to frequent high occupational
and/or recreational sound pressure levels, complaints of tinnitus
at the time of the assessment, and any type of obstruction in
the external ear canal that might interfere with the assessments
were excluded.

All the participants were submitted to the following procedures:
medical history survey, meatoscopy, PTA, speech audiometry,
and acoustic immittance measures.

In PTA, the air-conduction threshold was surveyed at 250,
500, 1000, 2000, 3000, 4000, 6000, and 8000 Hz, bilaterally, with
the descending method. Every time they detected the sound, its
intensity was decreased by 10 dB until they stopped responding
to the sound. If there was no response, the sound intensity was
increased by 5 dB until they detected it again. The hearing threshold
was established as the lowest sound intensity they had heard in
50% of the presentations at each frequency tested.

To confirm the air-conduction thresholds, we researched the
speech recognition threshold (SRT) —i.e., the lowest intensity at
which the person recognized at least 50% of the words presented.
Then, we surveyed the SRI, presenting in a live voice a list with
25 monosyllables at 40 dBSL, with the three-frequency mean
between 500, 1000, and 2000 Hz!Y.

We measured the acoustic immittance (tympanometry and
acoustic reflex) with an AT235 device (Interacoustics) to exclude
the possibility of middle ear changes'®.

The hearing thresholds and SRT were surveyed with two
different types of earphones (circumaural and insert) to assess
the influence of the type of air-conduction acoustic transducer
on the audiological assessment.

The PTA was surveyed with an Astera I audiometer (Otometrics)
using circumaural (HDA-200) and insert earphones (E-A-RTONE,
manufactured by 3M). The earphones were calibrated according
to ISO 389 norms (parts 1, 3, 4, 5, and 8), IEC 60645 (parts 1,
2, and 4), and ISO 8253 (parts 1, 2, and 3).

We defined the order with which each acoustic transducer
and ear was assessed in a draw to avoid order effect bias. There
were S-minute intervals in between the collections. Once they
were finished, we asked the subjects which earphones they
preferred regarding comfort, to classify them as the most and
least comfortable ones.

We tabulated the data in an Excel spreadsheet (Microsoft
Office Professional Plus, 2013) and submitted them to descriptive
and inferential statistical analyses.

Initially, the Kolmogorov-Smirnov test was applied to test
the normality of the numerical variables. Since the data did not
have a normal distribution (p <0.0001), we used nonparametric
tests. The Mann-Whitney test was used to compare the hearing
thresholds between the ears; the Wilcoxon test, to compare the
hearing thresholds between the transducers; and the chi-squared
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test, to analyze the association regarding the comfort in wearing
the earphones. The significance level was set at p < 0.05, which
is indicated with an asterisk. We used the MedCalc software for
data analysis.

RESULTS

Of the 30 people who agreed to participate in the study, 26
met the eligibility criteria — 16 females and 10 males, aged 18
to 30 years (mean = 23.15 years, median = 23).

Firstly, we compared the hearing thresholds between the
ears, for each transducer, and verified no difference between
the ears (Mann-Whitney test). Hence, the research data were
analyzed considering the total number of ears (n=52).
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Caption: HDA = circumaural earphone; INS = insert earphone
Figure 1. Audiogram comparing the medians of the hearing thresholds
for the two transducers per frequency

The median hearing threshold results at 250 to 8000 Hz
obtained with the two acoustic transducers — circumaural
(HDA-200) and insert (E-A-RTONE) — revealed better results
with the circumaural earphone at 250, 500, 2000, 6000, and
8000 Hz, while the result at 1000 Hz was the same for both
types of transducers (Figure 1).

In the comparison between hearing thresholds obtained
with each transducer at each frequency tested, the Wilcoxon
test revealed better air-conduction hearing thresholds with the
circumaural earphone, with a significant difference at all the
frequencies, except for 1000 and 8000 Hz (Table 1).

Regarding the patients’ answers about the physical
comfort with the two types of transducers, the chi-squared
test showed an association between the type of transducer and
their preference —i.e., the HDA transducer was reported by
65.4% of the research participants as the most comfortable
one. This preference was statistically significant (p <0.0001)
(Figure 2).

Preference for physical comfort

T0%

EHDA
34.60% L NS

HDA INS

Statistical test: Chi-squared test — p < 0.0001

Caption: HDA = circumaural earphone; INS = insert earphone

Figure 2. Patients’ preference regarding the physical comfort with each
acoustic transducer (N=26)

Table 1. Descriptive measures of the hearing thresholds (dBHL) comparing the two transducers per frequency (N=52)

Freq (Hz)  Transd (gﬂgslﬂ) Median 25% percentile  75% percentile Minimum Maximum P-value
250 HDA 1.34 0 0 5 -10 15 <0.0001*
INS 7.98 5 5 10 0 25
500 HDA -0.38 0 -5 0 -10 10 <0.0001*
INS 7.78 10 5 10 -5 15
1000 HDA -0.09 0 -5 5 -10 15 0.340
INS 0.38 0 -5 5 -10 15
2000 HDA 1.82 0 -5 5 -10 15 <0.0001*
INS 6.34 5 2.5 10 -5 20
3000 HDA 2.40 5 0 5 -5 15 <0.0001*
INS -1.92 -5 -5 5 -10 10
4000 HDA 1,53 0 -5 5 -10 15 <0.0001*
INS -7.21 -10 -10 -5 -10 5
6000 HDA 1.15 0 -5 5 -10 20 <0.0001*
INS 5.09 5 0 10 -5 20
8000 HDA 2.98 0 0 5 -10 25 0.0560
INS 4.71 5 0 10 -10 20

Statistical test: Wilcoxon test; *Significant values (p < 0.05)

Caption: Freq = frequency; Transd = transducer; HDA = circumaural earphone; INS = insert earphone
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DISCUSSION

Choosing the type of transducer to assess hearing in PTA
requires knowledge based on their advantages and disadvantages
from both the acoustic and the patient’s perspective. The choice
must consider that it is used with different age groups, in different
degrees of impairment, aiming to obtain hearing thresholds at
different frequencies.

Given the possibility of using supra-aural, insert, or circumaural
earphones to obtain air-conduction hearing thresholds at 250
to 8000 Hz, we must compare them and verify the users’
satisfaction with them. We commonly find studies reporting
the difference in hearing thresholds obtained with supra-aural
and insert earphones in different populations®%1, whereas
comparisons with circumaural earphones are still scarce®!?.

A Brazilian study in a young population, whose age range
was similar to that in our study (16 to 35 years), without
audiological changes, found better hearing thresholds with insert
than supra-aural earphones, at 250, 500, 1000, 2000, 3000, and
4000 Hz®. On the other hand, the present study compared the
performance of insert and circumaural earphones and observed
that the insert ones were better than the others only at 3000 and
4000 Hz (Table 1). The circumaural, though, was better at 250,
500, 2000, 6000, and 8000 Hz, while there was no difference
at 1000 Hz (Table 1). We found no studies in the scientific
literature with a similar comparison.

The results show the relevance of choosing circumaural
earphones to obtain air-conduction thresholds at 250 to 8000 Hz,
as they help improve the values obtained with this examination
(Figure 1).

A study conducted in adults showed better thresholds with
circumaural® than supra-aural earphones. The authors explained
it with the fact that circumaural earphones reduce possible air
leakage between the earphone and the ear. Hence, they are
considerably more reliable at low frequencies, provide greater
attenuation of external noise than the supra-aural earphones,
diminish the physiological noise in the ear, and are more
comfortable®?. The greater attenuation of environmental noise
provided by the circumaural earphone also qualifies it as the
most indicated earphone when the pure-tone audiometry cannot
be performed in an acoustically treated setting?.

Due to the time available to carry out this study, we could not
assess whether the differences between the hearing thresholds
obtained with the two transducers were actually due to the
earphone variable or some variation between test and retest.
Nonetheless, a study assessed hearing threshold variations in test
and retest with different transducers and verified no difference
in hearing thresholds between the assessments, particularly at
500 to 6000 Hz, in comparison with the range from 8000 to
14000 Hz"®. Thus, we believe that the difference in thresholds
found in the present research does not result from the test-retest
variable, but from the difference between the transducers. The
researchers took precautions to avoid variables that might
interfere with the result analysis. For instance, we randomized
the procedures by drawing lots to define which transducer and
ear would be assessed first.

Another rather important aspect in this study was the subjects’
earphone preference regarding comfort in the assessments.
The circumaural earphone was elected the most comfortable
(Figure 2). This finding can be explained by each earphone’s
characteristics. The circumaural earpads are placed around the
patient’s auricle, putting less pressure on it, while the insert
earphone is fitted into the external ear canal with disposable
foam earplugs — which may cause some discomfort®. A previous
study also highlighted the comfort in audiological assessments
as an advantage of circumaural earphones”.

Hence, based on these research findings, we emphasize how
important it is for audiologists to know the particularities of the
different types of earphones. Thus, they will make better choices
not only when providing attention but also when choosing
transducers to equip the healthcare service, considering the
setting where attention will be provided, the population they
will possibly attend, and the type of assessment they will make.
Moreover, we believe these research results are relevant to
speech-language-hearing clinical practice, as they showed the
advantages of using circumaural earphones both for acoustic
reasons and the users’ comfort. Some other characteristics of
this earphone, already listed in the literature and mentioned in
this study, corroborate its use to obtain air-conduction hearing
thresholds.

Further research on this topic is warranted, given the scarcity
of recent studies comparing the three types of acoustic transducers,
particularly in people with unilateral profound hearing loss,
to better characterize the interaural attenuation provided by
different transducers, especially with circumaural earphones.

CONCLUSION

The circumaural earphones obtained better hearing thresholds
at 250, 500, 2000, and 6000 Hz than the insert ones, besides
being the most comfortable transducer as reported by the patients.

REFERENCES

1. Lopes AC, Munhoz GS, Bozza A. Audiometria Tonal Liminar e de Altas
Frequéncias. In: Academia Brasileira de Audiologia. Tratado de Audiologia.
2. ed. Rio de Janeiro: Guanabara Koogan; 2015. p. 57-66.

2. Zwislocki J, Kruger B, Miller JD, Niemoeller AF, Shaw EA, Studebaker
G. Earphones in audiometry. J Acoust Soc Am. 1988;83(4):1688-9. http://
dx.doi.org/10.1121/1.395926. PMid:3372875.

3. Oda DTM, Marangoni AT, Gil D. Insertion and supra-aural earphones:
audiological assessment in the elderly. Rev CEFAC. 2014;16:31-8. http://
dx.doi.org/10.1590/1982-021620148012.

4. Marangoni AT, Gil D. GIL D. Influence of the type of transducer in profound
hearing loss. Pro Fono. 2009;21(3):195-200. http://dx.doi.org/10.1590/
S0104-56872009000300003. PMid:19838564.

5. Mello LA, Silva RAM, Gil D. Test-retest variability in the pure tone
audiometry: comparison between two transducers. Audiol Commun Res.
2015;20:239-45. http://dx.doi.org/10.1590/2317-6431-2015-1582.

6. Brinnstrom KJ, Lantz J. Interaural attenuation for Sennheiser HDA 200
circum-aural earphones. Int J Audiol. 2010;49(6):467-71. http://dx.doi.
org/10.3109/14992021003663111. PMid:20482294.

7. Smull CC, Madsen B, Margolis RH. Evaluation of two circumaural
earphones for audiometry. Ear Hear. 2019;40(1):177-83. http://dx.doi.
org/10.1097/AUD.0000000000000585. PMid:29742546.

Born et al. CoDAS 2022;34(3):¢20210019 DOI: 10.1590/2317-1782/20212021019 4/5


https://doi.org/10.1121/1.395926
https://doi.org/10.1121/1.395926
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=3372875&dopt=Abstract
https://doi.org/10.1590/1982-021620148012
https://doi.org/10.1590/1982-021620148012
https://doi.org/10.1590/S0104-56872009000300003
https://doi.org/10.1590/S0104-56872009000300003
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19838564&dopt=Abstract
https://doi.org/10.1590/2317-6431-2015-1582
https://doi.org/10.3109/14992021003663111
https://doi.org/10.3109/14992021003663111
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20482294&dopt=Abstract
https://doi.org/10.1097/AUD.0000000000000585
https://doi.org/10.1097/AUD.0000000000000585
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29742546&dopt=Abstract

10.

11.

12.

13.

14.

Gil D, Borges ACLC. Insert earphones: a study involving normal hearing
subjects. Rev Bras Otorrinolaringol. 2001;67:480-7.

Tokar-Prejna S, Meinzen-Derr J. Relationship between transducer type
and low-frequency hearing loss for patients with ventilation tubes. Int J
Pediatr Otorhinolaryngol. 2006;70(6):1063-7. http://dx.doi.org/10.1016/j.
ijporl.2005.11.001. PMid:16364457.

Souza ACRF, Gil D. Fones de inser¢do: um estudo em criangas com e sem
perda auditiva. Distarb Comun. 2011;23:71-8.

Oshiro LT, Silveira MRM, Gil D. Influence of transducer’s type in bilateral
conductive and mixed hearing loss masking. Rev CEFAC. 2012;14:635-40.
http://dx.doi.org/10.1590/S1516-18462011005000142.

Marangoni AT, Scharlach RC, Silveira MRM, Calais LL, Gil D. Insert
earphones: application to avoid collapse of the external auditory canal.
Rev Soc Bras Fonoaudiol. 2012;17(1):61-5. http://dx.doi.org/10.1590/
S1516-80342012000100012.

Sistema de Conselhos de Fonoaudiologia. Guia de orientagdes na avaliagao
audioldgica basica. Brasilia; 2017. p. 30.

Lopes AC, Munhoz GS, Bozza A. Audiometria tonal liminar e de altas
frequéncias. In: Academia Brasileira de Audiologia. Tratado de Audiologia.
2. ed. Rio de Janeiro: Guanabara Koogan; 2015. p. 57-66.

15.

17.

18.

Menegotto IH, Cota MJ. Avaliacdo da percepgdo de fala na avaliagdo
audiologica convencional. In: Academia Brasileira de Audiologia. Tratado
de Audiologia. 2. ed. Rio de Janeiro: Guanabara Koogan; 2015. p. 67-75.

. Carvalo RMM, Sanches SGG. Medidas de imiténcia actstica. In: Academia

Brasileira de Audiologia. Tratado de Audiologia. 2. ed. Rio de Janeiro:
Guanabara Koogan; 2015. p. 83-8.

Flamme GA, Geda K, McGregor KD, Wyllys K, Deiters KK, Murphy
W1, et al. Stimulus and transducer effects on threshold. Int J Audiol.
2015;54(Supl. 1):S19-29. http://dx.doi.org/10.3109/14992027.2014.979
300. PMid:25549164.

Schmuziger N, Probst R, Smurzynski J. Test-retest reliability of pure-tone
thresholds from 0.5 to 16 kHz using Sennheiser HDA 200 and Etymotic
Research ER-2 earphones. Ear Hear. 2004;25(2):127-32. http://dx.doi.
org/10.1097/01.AUD.0000120361.87401.C8. PMid:15064657.

Author contributions

NMB contributed to research project conceptualization, methodology design, data
collection, result analysis, and manuscript writing; MSM and SCM contributed
to data collection, result analysis, and manuscript writing; DPCS contributed
to result analysis, and manuscript writing and review; RCS contributed to the
research project conceptualization, methodology design, result analysis, and
manuscript writing and review.

Born et al. CoDAS 2022;34(3):¢20210019 DOI: 10.1590/2317-1782/20212021019

5/5


https://doi.org/10.1016/j.ijporl.2005.11.001
https://doi.org/10.1016/j.ijporl.2005.11.001
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16364457&dopt=Abstract
https://doi.org/10.1590/S1516-18462011005000142
https://doi.org/10.1590/S1516-80342012000100012
https://doi.org/10.1590/S1516-80342012000100012
https://doi.org/10.3109/14992027.2014.979300
https://doi.org/10.3109/14992027.2014.979300
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25549164&dopt=Abstract
https://doi.org/10.1097/01.AUD.0000120361.87401.C8
https://doi.org/10.1097/01.AUD.0000120361.87401.C8
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15064657&dopt=Abstract

