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Contralateral Occlusion Test (COT):
the effect of external ear canal occlusion
with aging

Teste de Oclusao Contralateral (TOC):
o efeito da oclusao do canal auditivo externo
com a idade

ABSTRACT

Purpose: This study aimed to evaluate the effects of complete external ear canal occlusion on hearing thresholds
with aging. The goal was to decide which tuning fork is more appropriate to use for the contralateral occlusion
test (COT), in individuals of different ages. Methods: Forty-two normal hearing subjects between 21 and 67 years
were divided into three age groups (20-30 years, 40-50 years, and 60-70 years). Participants underwent sound field
audiometry tests with warble tones, with and without ear canal occlusion. Each ear was tested with the standard
frequencies (250, 500, 1000, and 2000 Hz). The contralateral ear was suppressed by masking. Results: Hearing
thresholds showed an increase as the frequency increased from 20.85 dB (250 Hz, 20-30 years group) to 48 dB
(2000 Hz, 60-70 years group). The threshold differences between occlusion and no occlusion conditions were
statistically significant and increased ranging from 11.1 dB (250 Hz, 20-30 years group) to 32 dB (2000 Hz,
20-30 years group). We found statistically significant differences for the three age groups and for all evaluations
except to 500 Hz difference and average difference. The mean hearing loss produced by occlusion at 500 Hz was
approximately 19 dB. We found no statistically significant differences between right and left ears and gender
for all measurements. Conclusion: We conclude that the use of the 512 Hz tuning fork is the most suitable for
COT, and its use may allow clinicians to distinguish mild from moderate unilateral conductive hearing loss.

RESUMO

Objetivo: O objetivo deste estudo foi avaliar o efeito da oclusdo completa do canal auditivo externo nos limiares
auditivos, em individuos de idades distintas, para apurar qual o diapasao mais adequado na realiza¢do do teste de
oclusdo contralateral (TOC). Método: 42 individuos normo-ouvintes (21-67 anos) foram divididos em trés grupos
etarios (20-30, 40-50 e 60-70 anos). Os participantes foram avaliados com testes de audiometria tonal liminar em
campo livre, com e sem oclusdo completa do canal auditivo externo. Cada ouvido foi testado para as frequéncias
250, 500, 1000 e 2000 Hz. No ouvido contralateral, foi realizado mascaramento, para evitar a ocorréncia de
audi¢do contralateral. Resultados: Verificou-se aumento dos limiares auditivos, diretamente proporcional ao
aumento da frequéncia (desde 20.85 até 48 dB). A diferenca nos limiares auditivos entre a condigdo de oclusido
e de nao oclusdo foi estatisticamente significativa em todas as frequéncias e aumentou de forma diretamente
proporcional com a frequéncia (desde 11.1 até 32 dB). Foram também encontradas diferencas estatisticamente
significativas para os trés grupos etarios, em todos os parametros, exceto na diferenca a 500 Hz e na diferenga
total média. A perda auditiva média resultante da oclusdo aos 500 Hz foi de 19 dB. Nao se encontraram diferengas
estatisticamente significativas entre o ouvido direito e o esquerdo, e entre o género. Conclusdo: A utilizagdo do
diapasdo de 512 Hz ¢ a mais adequada para o TOC. A sua utilizagdo pode permitir aos clinicos, em ambiente de
consulta e de forma rapida, a disting@o entre perda condutiva de grau leve a moderada.
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INTRODUCTION

Many of the early diagnostic tests are initially performed at
bedside!?. This practice may decrease turnaround time, reduce
costs, and improve decision making®*. Tuning fork testing allows
a quick and qualitative assessment of hearing®®. However, none
of these tests really permits a quantitative hearing assessment.

In a previous study, the authors of this paper described the
contralateral occlusion test (COT)®. We designed a bedside
test that permit quantitative evaluation of hearing loss in
the presence of unilateral conductive hearing loss. After the
confirmation of unilateral conductive hearing loss with Weber
and Rinne tests'*!¥, the COT is carried out with total occlusion
of the external auditory meatus (EAM) of the contralateral ear
(the unaffected ear). This will produce a hearing loss in the
unaffected ear that can be higher, lower, or similar to that in
the affected ear. In this scenario, the sound of a vibrating tuning
fork placed in the middle of the forehead will lateralize to the
ear with the greater hearing loss.

Once the hearing loss produced by EAM occlusion in each
frequency is established, we can decide which tuning fork is
more suitable to use in the COT®. Moreover, we can evaluate
the reproducibility of that effect for several ages and several
frequencies.

This study aimed to evaluate the effects of complete occlusion
ofthe EAM on hearing thresholds with aging in order to decide
which tuning fork is more appropriate for COT in individuals
of different ages.

METHODS

Participants

This study was approved by the Health Ethics Committee
(CES) of the West Lisbon Hospital Centre (CHLO), Lisbon,
Portugal, on November 19, 2014, and by the Ethics Research
Committee of the NOVA Medical School (nr. 49/2014/CEFCM).
The study was conducted according to the Declaration of Helsinki.
All participants voluntarily signed the informed consent.

The study involved patients from the Department of
Otolaryngology, Egas Moniz Hospital, Lisbon, who underwent
audiological assessments in the Department of Audiology.
This analytical, cross-sectional study enrolled participants by
convenience sampling. The inclusion criteria were as follows:
1) ages within one of the three groups (20-30, 40-50, or
60-70 years); 2) absence of a pathological, otological history;
3) normal otoscopy; 4) normal pure-tone audiometry!®;
5) type A tympanogram'”; 6) oral communication ability; and
7) asigned informed consent (following clarification of the study
procedures). The exclusion criteria were: 1) history of external
or middle ear pathology or symptomatology; 2) neurological
and/or psychiatric disorders that could interfere with language;
and 3) serious visual changes. The study sample comprised
42 individuals (84 ears), divided into three groups: 20-30 years
(21 patients, 42 ears), 40-50 years (11 patients, 22 ears), and
60-70 years (10 patients, 20 ears). None of the participants had
hearing aids or formal training in pure tone audiometry.

Procedures

All patients underwent a comprehensive medical and
audiological evaluation. All tests were conducted in a soundproof
test room according to ISO 8253 and 389 standards. The following
equipment were used: the Orbiter clinical audiometer (Madsen
Electronics A/C; Herley, Copenhagen, Denmark), the 922 TDH39
earphones (Telephonics; Farmingdale, NY, USA), the ME70
noise-excluding headset (Madsen Electronics A/C; Herley,
Copenhagen, Denmark), and the B-71 bone conductor (Radioear
Corporation; New Eagle, PA, USA). An audiological study,
including admittance and tonal audiograms, was performed,
and patients then underwent an office-based reassessment.
If all of the inclusion criteria were fulfilled, a sound field
audiometry testing was given with warble tones. Each ear was
first tested as non-occluded followed by occluded, using the
standard frequencies of 250, 500, 1000, and 2000 Hz in order
to determine each frequency’s thresholds. The contralateral ear
was suppressed by masking at 50 dB with the headset. For the
purpose of this study, occlusion was operationally defined as
complete blockage of the external auditory meatus. Implicit in
this definition are the psychoacoustic and physical perceptions
resulting from such conditions. The occlusion was performed
by application of tragal pressure by the examiner’s finger until
complete occlusion of the EAM had occurred (through digital
sense and asking the subject).

Accordingly, we followed these sequential steps:

1. Right ear (RE) uncovered and masked left ear (LE) with
determination of the hearing thresholds at 250, 500, 1000,
and 2000 Hz in the RE;

2. RE with an EAM occlusion produced by digital pressure
on the tragus and masked LE with determination of the
thresholds at 250, 500, 1000, and 2000 Hz in the RE;

3. Inthe LE, we proceeded in an identical manner to the RE
by repeating steps 1 and 2.

The results for each frequency before and after occlusion
were recorded in a table. The examiner was right-handed.

Statistical analysis

All calculations were performed with the Statistical Package
for the Social Sciences 21.0° for Windows (IBM SPSS Statistics;
Armonk, NY, USA). For the 20 to 30 years group and for
the total sample we tested the conditions for statistical tests
application (normality and homoscedasticity) in order to choose
parametric or nonparametric tests, as appropriate. In order to
evaluate the effect of EAM occlusion on hearing thresholds,
we used nonparametric tests (40-50 and 60-70 years groups
consisting of n<30 in each group). We tested for statistically
significant differences between non-occluded and occluded
conditions, ages, LE and RE, and gender. We computed 95%
confidence intervals and considered p < 0.05 as statistically
significant.
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RESULTS

In individuals in the 20-30 years group, age ranged from
21to 30 years (mean age, 25.6+3.03 years; median age, 26 years).
In the 40-50 years group, age ranged from 41 to 50 years
(mean age, 45.2+3.7 years; median age, 46 years), and in the
60-70 years group, age ranged from 60 to 67 years (mean age,
63+2.4 years; median age, 62.5 years).

Normality testing of data

In the 20-30 years group, we analyzed the normal data
distribution in each dimension in order to select either the
parametric or the nonparametric tests. Table 1 shows the results
obtained using the Kolmogorov-Smirnov test. All variables
except the 1000 Hz difference followed a normal distribution
(p <0.05), and parametric tests were selected accordingly. In the
others age groups with n <30, we did not test normality, and

used nonparametric tests. In the total sample, only the 250 Hz
with occlusion, 250 Hz difference, and average dimensions
followed the normal distribution.

Differences between right and left ears

To compare the RE and LE in the 20-30 years group, we
used the Student’s f-test. In the 40-50 and 60-70 years groups,
we used the Mann-Whitney test. No statistically significant
differences were found between the RE and LE (Table 2).

Differences between occlusion and no occlusion conditions

In order to evaluate potential differences in hearing thresholds
under different conditions, we compared the results under
occluded condition with those in the non-occluded condition.
We used the Wilcoxon test in the two upper age groups (n <30),
and the paired sample t-test for the 20-30 years group (Table 3).

Table 1. Results of normal distribution of data in the several study conditions (difference, with and without EAM occlusion)

z z p
20-30 years group Total

250 Hz without occlusion 1.289 0.072 1.917 .001
250 Hz with occlusion 0.798 0.548 1.010 .259
250 Hz difference 1.025 0.244 1.243 .091
500 Hz without occlusion 1.328 0.059 2.023* .001
500 Hz with occlusion 1.204 0.110 1.650* .009
500 Hz difference 1.146 0.144 1.512* .021
1000 Hz without occlusion 1.354 0.051 2.007*** .001
1000 Hz with occlusion 1.029 0.241 1.522* .019
1000 Hz difference 1.847 0.002 2.030" .001
2000 Hz without occlusion 1.164 0.133 1.837* .002
2000 Hz with occlusion 1.222 0.101 1.852** .002
2000 Hz difference 1.290 0.072 1.809** .003
Average without occlusion 0.881 0.419 1.321 .061
Average with occlusion 0.715 0.686 0.689 .735
Average difference 0.738 0.647 0.748 .630

*p<0.05; **p<0.01; ***p<0.001

Caption: EAM = External Auditory Meatus; z = Kolmogorov-Smirnov z-value; p = p-value. Kolmogorov-Smirnov test

Table 2. Hearing thresholds (dB) with occlusion in right and left ears

Frequency Age Right ear (dB) Left ear (dB) z o

(years) M (dB) SD (dB) M (dB) SD (dB) (ort)

250 Hz 20-30 23.00 6.77 16.00 6.41 3.359** .002
40-50 17.27 8.48 17.27 8.17 0.000* 1.000
60-70 18.00 5.87 15.00 11.06 -0.731* .465

500 Hz 20-30 26.00 6.20 24.50 7.59 0.684** 498
40-50 18.18 717 19.09 7.69 -0.438* 662
60-70 19.50 4.97 18.00 7.53 -0.506* 613

1000 Hz 20-30 35.50 6.05 29.75 6.17 2.976"* .05
40-50 19.09 5.84 22.73 6.84 -1.079* 281
60-70 22.50 717 24.50 6.85 -0.750* 453

2000 Hz 20-30 42.25 4.99 36.00 5.28 3.846"*** <0.001
40-50 26.82 6.43 25.00 5.00 -0.797* 425
60-70 28.50 6.69 28.50 10.55 -0.039* .969

*p > .05; **p<0.05; **p<0.01; ***p<0.001

Caption: M = mean; SD = standard deviation; z = z-value for Mann-Whitney test; t = Student’s t-test value; p = p-value. Student’s t-test, and the Mann-Whitney test
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We found statistically significant differences between occlusion
and no occlusion conditions for all measurements. Considering
non-occluded and occluded conditions respectively, the average
values varied for the 20-30 years group from 7.65 dB t0 29.87 dB
(difference of 22.5 dB), for the 40-50 years group from 9.84 dB
to 30.26 dB (difference of 20.44 dB), and for the 60-70 years
group from 17.09 dB to 38.90 dB (difference of 21.84 dB).
The results showed higher values with occlusion at all frequencies.

Differences between ages

In order to test if there were differences between age groups,
and because not all dimensions followed a normal distribution, a
non-parametric test was chosen (Kruskal-Wallis test). We found

statistically significant differences for the three age groups and
for all evaluations, except for 500 Hz difference and average
difference (Table 4). For the 500 Hz difference the results ranged
from 18.33 dB (40-50 years group) to 19.51 dB (40-50 years
group), with an average rounded to 19 dB. In order to compare
between pairs for statistically significant differences, we used the
Mann-Whitney test. Comparing the 20-30 years group with the
40-50 years group we found higher values for the 20-30 years
group only at 1000 Hz difference and 2000 Hz difference, and
for the 40-50 years group for the remaining items (250 Hz
without occlusion, 250 Hz with occlusion, 250 Hz difference,
500 Hz with occlusion, 2000 Hz with occlusion and average
without occlusion). Comparing the 20-30 years group with the

Table 3. Hearing thresholds without occlusion and occlusion conditions at different frequencies and in the different age groups

Age Without occlusion With occlusion z
Frequency P

(years) M (dB) SD (dB) M (dB) SD (dB) (ort)

250 Hz 20-30 9.27 5.31 20.85 8.58 —9.251 %k <0.001
40-50 12.73 4.00 30.00 9.26 —4.124% <0.001
60-70 19.25 6.94 35.75 9.22 -3.936* <0.001

500 Hz 20-30 7.56 5.02 27.07 6.42 -18.18** <0.001
40-50 9.77 3.61 28.41 7.62 -4.130* <0.001
60-70 16.00 6.20 34.75 8.19 -3.946* <0.001

1000 Hz 20-30 6.59 4.93 32.44 6.72 —39.71** <0.001
40-50 7.95 4.27 28.86 5.55 -4.132* <0.001
60-70 13.50 8.29 37.00 8.01 -3.958* <0.001

2000 Hz 20-30 7.07 5.70 39.02 5.94 —41.04** <0.001
40-50 8.18 6.08 34.09 6.10 —4.157* <0.001
60-70 19.50 9.31 48.00 10.44 -3.940* <0.001

Average 20-30 7.65 3.81 29.87 5.09 —35.95** <0.001
40-50 9.84 2.77 30.26 5.25 4.017* <0.001
60-70 17.09 6.33 38.90 6.94 3.924* <.001

*p<.05; ***p< .001 in 20-30 years group

Caption: M = mean; SD = standard deviation; z = z-value for Wilcoxon test; t = paired sample t-test value; p = p-value. Wilcoxon test, and the paired sample t-test

Table 4. Hearing thresholds in the various age groups, for the different frequencies and conditions (without occlusion of the EAM, occlusion of

the EAM, and difference)

20-30 years 40-50 years 60-70 years )
M (dB) SD (dB) M (dB) SD (dB) M (dB) SD (dB) x P

250 Hz without occlusion 9.27 5.31 12.86 4.05 19.25 6.94 27.009"* <.001
250 Hz with occlusion 20.85 8.58 29.52 9.21 34.75 9.22 26.655" <.001
250 Hz difference 11.59 8.02 16.67 7.80 16.50 8.75 6.700" .035

500 Hz without occlusion 7.56 5.02 10.00 3.54 16.00 6.20 26.529"* <.001
500 Hz with occlusion 27.07 6.42 28.33 7.80 34.75 8.19 10.805™ .005
500 Hz difference 19.51 6.87 18.33 7.30 18.75 6.26 .240 .887
1000 Hz without occlusion 6.59 4.93 8.10 4.32 13.50 8.29 12.810* .002
1000 Hz with occlusion 32.44 6.72 29.05 5.62 37.00 8.01 11.908™ .003
1000 Hz difference 25.85 417 20.95 6.64 23.50 6.90 8.653* .013
2000 Hz without occlusion 7.07 5.70 8.33 6.19 19.50 9.31 23.637 <.001
2000 Hz with occlusion 39.02 5.94 34.05 6.25 48.00 10.44 23.417* <.001
2000 Hz difference 31.95 4.99 25.71 5.76 28.50 8.60 14.338"* .001
Average without occlusion 7.65 3.81 9.84 2.77 17.09 6.33 33.199*** <.001
Average with occlusion 29.87 5.09 30.26 5.25 38.90 6.94 22.538"* <.001
Average difference 22.25 3.96 20.44 5.28 21.84 5.00 1.496 AT73

*p<.05; *p<.01; **p <.001

Caption: M = mean; SD = standard deviation; EAM = external auditory meatus; y = chi-square value for Kruskal-Wallis test; p = p-value. Kruskal-Wallis test
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60-70 years group we found higher values in the 20-30 years
group only at 2000 Hz difference, and we found higher values
in the 40-50 years group for 250 Hz without occlusion, 250 Hz
with occlusion, 250 Hz difference, 500 Hz without occlusion,
500 Hz with occlusion, 1000 Hz without occlusion, 1000 Hz with
occlusion, 2000 Hz without occlusion, 2000 Hz with occlusion,
average without occlusion and average with occlusion. Finally,
comparing the 40-50 years group with the 60-70 years group we
found higher values only for the 60-70 years in 250 Hz without
occlusion, 250 Hz with occlusion, 500 Hz without occlusion,
500 Hz with occlusion, 1000 Hz without occlusion, 1000 Hz with
occlusion, 2000 Hz without occlusion, 2000 Hz with occlusion,
average without occlusion e average with occlusion. Based on
Table 4, in each age group and as the frequency increased, the
hearing threshold difference between occlusion and without
occlusion conditions also increased (Figure 1). However, the

dB
35

30
25
20
15

10

250 Hz

500 Hz

= \\/ithout occlusion - Average

correlation is statistically significant for the 40-50 (r = .99;
p=.002) and 60-70 (r=.99; p =.014) years groups but not for
the 20-30 years group (r =.94; p = .059).

Differences between gender

To assess for gender differences in the 20-30 years group,
we used the t-test for two independent samples. There were
no statistically significant gender differences except at 500 Hz
with occlusion (t [38] =2.202 and p =0.034). For the 40-50 and
60-70 years groups, we used the Mann-Whitney test. Equally, for
the 40-50 years group, statistically significant gender differences
were observed only at 500 Hz difference, with z= -2.096 and
p=0.036. The results showed higher values in males only for
these two evaluations. In the 60-70 years group, no statistically
significant differences were found between genders (Table 5).

1000 Hz 2000Hz

=== \\/ith occlusion- Difference 20-30 years

= = \Vith occlusion- Difference 40-50years = - +#«- = With occlusion- Difference 60-70 years

Figure 1. Occlusion/no occlusion difference (dB) and hearing average without occlusion (dB), for each frequency (250 Hz, 500 Hz, 1000 Hz and

2000 Hz) in different age groups

Table 5. Differences between gender in hearing thresholds (dB) with occlusion difference

Frequency Age Male Female z o

(vears) M (dB) SD (dB) M (dB) SD (dB) (ort)

250 Hz 20-30 19.72 7.37 19.32 7.61 .169 .886
40-50 18.75 8.82 15.50 7.25 -873 .383
60-70 17.50 9.50 15.50 8.32 -.539 590

500 Hz 20-30 27.78 575 23.18 7.33 2.202* .034
40-50 21.67 6.16 15.00 7.07 -2.096* .036
60-70 19.00 7.38 18.50 5.30 -.545 586

1000 Hz 20-30 33.33 5.94 32.05 7.35 .600 552
40-50 21.67 6.85 20.00 6.24 -.508 612
60-70 24.50 5.99 22.50 7.91 -.671 502

2000 Hz 20-30 39.17 5.75 39.09 6.29 .039 .969
40-50 27.08 5.42 24.50 5.99 -1.079 281
60-70 30.00 9.13 27.00 8.23 -271 787

Caption: M = mean; SD = standard deviation; z = z-value for Mann-Whitney test; t = Student’s t-test value; p = p-value. t-test for two independent samples, and

Mann-Whitney test. *p<.05
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DISCUSSION

Bedside testing may be used as a screening procedure for
testing hearing in the office or in an emergency!'"'*'®. While
formal audiometry is preferable, it may not always be possible
for reasons of expense or accessibility. Tuning forks allow for
the distinction between conductive and sensorineural hearing
loss®®. However, in some real clinical situations, we need a
rapid or at least a strong indication of hearing loss severity.
This information permits immediate clinical management that
will improve patient safety and clinical outcomes.

COT may help to quantify the hearing loss. Total EAM
occlusion of a normal ear can produce a hearing loss*?? that
can be higher, lower, or similar to the contralateral ear with
conductive hearing loss. If the sound of the tuning fork lateralizes
to the affected ear (non-occluded ear), it suggests that the ear
has a moderate or severe hearing loss; if the sound of the tuning
fork lateralizes to the normal ear (occluded ear), it suggests that
the ear has a mild hearing loss.

A prior study demonstrated the reproducibility of hearing
loss induced by the EAM occlusion (between examiners) and
the correlation of degree of hearing loss with frequencies®.
In this study the objective was to understand if the occlusion
effect was reproducible with aging. At each frequency, hearing
thresholds increased in the two conditions (occlusion and
without occlusion) with aging; probably in relation to the
normal process of hearing loss with aging. Complete EAM
occlusion produced higher values for hearing thresholds in
all frequencies, which increased with increasing frequencies.
Differences between occluded and non-occluded conditions
also increased with increasing frequencies and aging, ranging
from 11.6 dB (250 Hz, 20-30 years group) to 32 dB (2000 Hz,
20-30 years group). These difference increases were homogeneous
and similar with aging. However, at 500 Hz only, there were
no statistically significant differences corresponding to age.
The mean hearing loss produced by EAM occlusion at 500 Hz
was approximately 19 dB (Table 4). There were no statistically
significant differences between ears or according to gender at
all frequencies tested.

In this study, our aim was to evaluate the hearing loss
produced by EAM occlusion in different frequencies and find
one frequency where a similar hearing loss was produced at
all ages. Our study suggests that there will be a similar loss
(19 dB) for all age groups at S00Hz. The 512Hz will be the
ideal option to extrapolate to the tuning fork bedside test. Thus,
when performing COT with 512 Hz, we will know that occlusion
of the “contralateral ear” (healthy ear) produces a 19 dB loss.
Using a loudness comparison technique, we can compare the
“contralateral ear” with the conductive hearing loss ear.

This study has limitations. It was performed only with
normal hearing individuals. We intent to evaluate the effects of
the EAM occlusion in a normal ear and extrapolate the results to
the “contralateral ear” of the COT. We did not study whether the
occlusion effect is cumulative with the presence of pre-existing
hearing loss. Only the effects of total occlusion were studied.
The examiner was right-handed, but there were no statistically
significant differences between the RE and LE. The start order

Reis et al. CoDAS 2019;31(3):¢20180058 DOI: 10.1590/2317-1782/20192018058

was not randomly performed, on the right or left side, because
that was tested on a prior study®.

There are only two studies in the literature on the effects of
external ear canal occlusion on hearing thresholds"**?. In both
cases, the occlusion was performed with the use of inorganic
materials. The use of an organic method (digital pressure) is
different from previously described methods (gel and earplug)
for EAM occlusion. External ear canal occlusion is a common
situation in daily life and includes situations such as excessive
cerumen (5% to 10% in children or adults), exostosis, and
hearing aid use (14.2% of Americans aged >50)'-%,

Tuning fork tests can be performed with different frequencies.
For routine clinical practice, tuning forks of 256 or 512 Hz are
ideal. Forks with lower frequencies produce a sense of bone
vibration while those of higher frequencies have a shorter decay
time. The results of our study suggest the use of a 512 Hz tuning
fork for COT.

CONCLUSION

EAM occlusion produces a hearing loss that was reproducible
with aging. The hearing loss increased with increasing
frequencies. Only at the frequency of 500 Hz did the results
overlap among all age groups. It is possible to assume that the
use of the 512 Hz tuning fork is the most suitable for COT, and
its use may allow clinicians to distinguish mild from moderate
unilateral conductive hearing loss.

ACKNOWLEDGEMENTS

We thank Humberto Pintado for the work in audiology
included in this study.

REFERENCES

1. Verghese A, Charlton B, Cotter B, Kugler J. A history of physical examination
texts and the conception of bedside diagnosis. Trans Am Clin Climatol
Assoc. 2011;122:290-311. PMid:21686233.

2. Price CP. Point of care testing. BMJ. 2001;322(7297):1285-8. http://dx.doi.
org/10.1136/bmj.322.7297.1285. PMid:11375233.

3. St John A, Price CP. Economic evidence and point-of-care testing. Clin
Biochem Rev. 2013;34(2):61-74. PMid:24151342.

4. Ehrmeyer SS, Laessig RH. Point-of-care testing, medical error, and patient
safety: a 2007 assessment. Clin Chem Lab Med. 2007;45(6):766-73. http://
dx.doi.org/10.1515/CCLM.2007.164. PMid:17579530.

5. Porter ME. What is value in health care? N Engl ] Med. 2010;363(26):2477-
81. http://dx.doi.org/10.1056/NEJMp1011024. PMid:21142528.

6. Ruckenstein MJ. Hearing loss: a plan for individualized management.
Postgrad Med. 1995;98(4):197-200, 203, 206 passim. http://dx.doi.org/1
0.1080/00325481.1995.11946065. PMid:7567720.

7. Chole RA, Cook GB. The Rinne test for conductive deafness: a critical
reappraisal. Arch Otolaryngol Head Neck Surg. 1988;114(4):399-403.
http://dx.doi.org/10.1001/archotol.1988.01860160043018. PMid:3348896.

8. Doyle PJ, Anderson DW, Pijl S. The tuning fork: an essential instrument
in otologic practice. J Otolaryngol. 1984;13(2):83-6. PMid:6726852.

9. Reis LR, Fernandes P, Escada P. Contralateral Occlusion Test: The effect
of external ear canal occlusion on hearing thresholds. Acta Otorrinolaringol
Esp. 2017;68(4):197-203. http://dx.doi.org/10.1016/j.0torri.2016.11.011.
PMid:28193471.

6/7


https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21686233&dopt=Abstract
https://doi.org/10.1136/bmj.322.7297.1285
https://doi.org/10.1136/bmj.322.7297.1285
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11375233&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24151342&dopt=Abstract
https://doi.org/10.1515/CCLM.2007.164
https://doi.org/10.1515/CCLM.2007.164
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17579530&dopt=Abstract
https://doi.org/10.1056/NEJMp1011024
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21142528&dopt=Abstract
https://doi.org/10.1080/00325481.1995.11946065
https://doi.org/10.1080/00325481.1995.11946065
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=7567720&dopt=Abstract
https://doi.org/10.1001/archotol.1988.01860160043018
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=3348896&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=6726852&dopt=Abstract
https://doi.org/10.1016/j.otorri.2016.11.011
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28193471&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28193471&dopt=Abstract

10.

11.

12.

13.

14.

15.

16.

17.

Isaacson JE, Vora NM. Differential diagnosis and treatment of hearing
loss. Am Fam Physician. 2003;68(6):1125-32. PMid: 14524400.

Kelly EA, Li B, Adams ME. Diagnostic accuracy of tuning fork tests
for hearing loss: a systematic review. Otolaryngol Head Neck Surg.
2018;159(2):220-30. http://dx.doi.org/10.1177/0194599818770405.
PMid:29661046.

Miltenburg DM. The validity of tuning fork tests in diagnosing hearing
loss. J Otolaryngol. 1994;23(4):254-9. PMid:7996624.

Stevens JR, Pfannenstiel TJ. The otologist’s tuning fork examination: are
you striking it correctly? Otolaryngol Head Neck Surg. 2015;152(3):477-9.
http://dx.doi.org/10.1177/0194599814559697. PMid:25475500.

Behn A, Westerberg BD, Zhang H, Riding KH, Ludemann JP, Kozak FK.
Accuracy of the Weber and Rinne tuning fork tests in evaluation of children
with otitis media with effusion. J Otolaryngol. 2007;36(4):197-202. http://
dx.doi.org/10.2310/7070.2007.0025. PMid:17942032.

Shuman AG, Li X, Halpin CF, Rauch SD, Telian SA. Tuning fork testing in
sudden sensorineural hearing loss. JAMA Intern Med. 2013;173(8):706-7.
http://dx.doi.org/10.1001/jamainternmed.2013.2813. PMid:23529707.

ISO: International Organization for Standardization. ISO 7029: acoustics:
statistical distribution of hearing thresholds as a function of age. Geneva:
International Organization for Standardization; 2017.

ANSI: American National Standards Institute. ANSI S3.391: american
national standard specifications for instruments to measure aural acoustic
impedance and admittance (aural acoustic immittance). New York: ANSI;
1987.

. Yueh B, Shapiro N, MacLean CH, Shekelle PG. Screening and management of

adult hearing loss in primary care: scientific review. JAMA. 2003;289(15):1976-
85. http://dx.doi.org/10.1001/jama.289.15.1976. PMid:12697801.

19.

20.

21.

22.

23.

24.

25.

Chandler JR. Partial occlusion of the external auditory meatus: its effect
upon air and bone conduction hearing acuity. Laryngoscope. 1964;74(1):22-
54. http://dx.doi.org/10.1002/lary.5540740102. PMid:14119590.

Roeser RJ, Lai L, Clark JL. Effect of ear canal occlusion on pure-tone
threshold sensitivity. ] Am Acad Audiol. 2005;16(9):740-6. http://dx.doi.
org/10.3766/jaaa.16.9.10. PMid:16515144.

Bricco E. Impacted cerumen as a reason for failure in hearing
conservation programs. J Sch Health. 1985;55(6):240-1. http://dx.doi.
org/10.1111/j.1746-1561.1985.tb04130.x. PMid:3850233.

Roland PS, Smith TL, Schwartz SR, Rosenfeld RM, Ballachanda B, Earll
JM, et al. Clinical practice guideline: cerumen impaction. Otolaryngol
Head Neck Surg. 2008;139(3, Suppl. 2):S1-21. http://dx.doi.org/10.1016/j.
otohns.2008.06.026. PMid:18707628.

Wong BJ, Cervantes W, Doyle KJ, Karamzadeh AM, Boys P, Brauel
G, et al. Prevalence of external auditory canal exostoses in surfers. Arch
Otolaryngol Head Neck Surg. 1999;125(9):969-72. http://dx.doi.org/10.1001/
archotol.125.9.969. PMid:10488981.

Chaplin JM, Stewart IA. The prevalence of exostoses in the external auditory
meatus of surfers. Clin Otolaryngol Allied Sci. 1998;23(4):326-30. http://
dx.doi.org/10.1046/j.1365-2273.1998.00151.x. PMid:9762494.

Kroon DF, Lawson ML, Derkay CS, Hoffmann K, McCook J. Surfer’s
ear: external auditory exostoses are more prevalent in cold water surfers.
Otolaryngol Head Neck Surg. 2002;126(5):499-504. http://dx.doi.org/10.1067/
mhn.2002.124474. PMid:12075223.

Author contributions

LRR participated in the idealization of the study, data collection, analysis and
interpretation, and article writing; LC and FC participated in data collection,
analysis and interpretation of data; PE participated in the condition of guiding,
idealization of the study and analysis.

Reis et al. CoDAS 2019;31(3):¢20180058 DOI: 10.1590/2317-1782/20192018058

717


https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14524400&dopt=Abstract
https://doi.org/10.1177/0194599818770405
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29661046&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29661046&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=7996624&dopt=Abstract
https://doi.org/10.1177/0194599814559697
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25475500&dopt=Abstract
https://doi.org/10.2310/7070.2007.0025
https://doi.org/10.2310/7070.2007.0025
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17942032&dopt=Abstract
https://doi.org/10.1001/jamainternmed.2013.2813
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23529707&dopt=Abstract
https://doi.org/10.1001/jama.289.15.1976
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12697801&dopt=Abstract
https://doi.org/10.1002/lary.5540740102
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14119590&dopt=Abstract
https://doi.org/10.3766/jaaa.16.9.10
https://doi.org/10.3766/jaaa.16.9.10
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16515144&dopt=Abstract
https://doi.org/10.1111/j.1746-1561.1985.tb04130.x
https://doi.org/10.1111/j.1746-1561.1985.tb04130.x
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=3850233&dopt=Abstract
https://doi.org/10.1016/j.otohns.2008.06.026
https://doi.org/10.1016/j.otohns.2008.06.026
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18707628&dopt=Abstract
https://doi.org/10.1001/archotol.125.9.969
https://doi.org/10.1001/archotol.125.9.969
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10488981&dopt=Abstract
https://doi.org/10.1046/j.1365-2273.1998.00151.x
https://doi.org/10.1046/j.1365-2273.1998.00151.x
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9762494&dopt=Abstract
https://doi.org/10.1067/mhn.2002.124474
https://doi.org/10.1067/mhn.2002.124474
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12075223&dopt=Abstract

